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Purpose of the review

The purpose of this review is to gather and evaluate the scientific evidence since
1990 in relation to the health effects of fluoridated water and fluoride from other
sources, and based on this evaluation, formulate recommendations to the Health

Advisory Committee (HAC) of the NHMRC on the appropriate use of fluoride.

Executive Summary

Conclusions

1. Water fluoridation at optimal levels, varying from 0.6 ppm in sub-tropical
regions to 1.1 ppm in temperate climates, continues to provide significant benefits
in the prevention of dental caries for both deciduous and permanent teeth. The
evidence for a protective effect on dental health is strongest in childhood but can

also be demonstrated in adults.

2. Communities that have ceased water fluoridation have a demonstrated increase

in caries experience.

3. Fluoridation of water at optimal levels, varying from 0.6 ppm in sub-tropical
regions to 1.1 ppm in temperate climates, remains the most effective and socially
equitable means of achieving community-wide exposure to the caries-preventive
effects of fluoride. It should remain unchanged until evidence accumulates that

further action on fluoride exposure is required.

4. There is evidence of increased dental fluorosis in communities exposed to a
combination of optimally fluoridated drinking water (0.6-1.1 ppm subject to
climate) and contemporary discretionary sources of fluoride. In a population with
low caries experience, any marginal benefit from further exposure to discretionary
fluoride comes with the greater risk of dental fluorosis with its attendant social and

economic costs.



5. There is a continued need for some children to avoid excessive intake of fluoride
from discretionary sources of fluoride such as infant formulae, toothpaste and

inappropriate use of fluoride supplements.

6. Reduction of long-term exposure to fluoride would be best achieved by reducing
the use of supplements and the level of fluoride in infant formulae and toothpaste.
Reduction of the long-term exposure of the community to fluoride through lowered
concentrations in reticulated drinking water should be considered only after

assessing the effects on dental health of the above strategy.

7. There is a continued need in Australia for improved monitoring of the dental
health of both children and adults, in particular to monitor fluoride intake and the
occurrence of dental fluorosis, to identify risk factors and retain a dental health

scheme which is both cost beneficial and effective.

8. There is insufficient evidence to establish a link between fluoridated drinking

water and an increased risk of bone or other cancers.

9. The evidence does not suggest an increased risk of osteoporosis from exposure

to drinking water fluoridated at optimal levels of 0.6.-1.1 ppm subject to climate.

10. While fluoride therapy is associated with an increase in bone mineral density,

evidence of its benefit in the treatment of osteoporaosis is inconclusive.



Recommendations
1. Maintain the current level of fluoridation of reticulated drinking water supplies

between the optimal levels of 0.6 ppm and 1.1 ppm subject to climatic variation.

2. Encourage communities to adopt the guidelines for water fluoridation defined by
the National Health and Medical Research Council (NHMRC) and the Agriculture
and Resource Management Council of Australia and New Zealand (ARMCANZ), with

a revised guideline as recommended in 9.

3. Promote the practice for all children to brush their teeth twice daily with an

appropriate low fluoridated toothpaste.

4. Confirm the results from studies reporting high levels of fluoride in infant
formulae consumed in Australia then develop a strategy to reduce excessive intake

of fluoride from this source.

5. Develop a strategy to reduce the possibility of excessive ingestion of fluoride from
toothpaste by young children. Toothpaste should be clearly labelled suitable for
adult or child use, with the fluoride level, and be used under parental supervision.
The label of toothpaste for adults should draw attention to the fact that overuse of

the product by children under the age of seven may result in dental fluorosis.

6. Fluoride supplements should not be recommended for children under the age of
three years of age. In fluoride-deficient areas, childrens”intake of fluoride should
be assessed on an individual basis from a knowledge of sources of water, other
beverages, diet, use of fluoridated toothpaste and mouthrinses, use of topical
fluoride applications by dental therapist. Only then, should fluoride supplements

be supplied according to the schedule below.

Age Water fluoride content
< 0.3 ppm > 0.3 ppm
0-3 yrs 0] 0
3-6 yrs 0.5 mg fluoride* 0
6-16 yrs 1.0 mg fluoride* 0




*If the child is receiving adequate fluoride from other sources e.g fluoridated toothpaste, water, etc.

fluoride supplements may be unnecessary.

Supplements in lozenge form would provide a topical effect. Fluoride supplements
should be labelled with the current recommendations and include Consumer
Medical Information on dental health benefits and the risk of overuse and dental

fluorosis.

7. Ensure awareness among dental and health professionals of the appropriate use
and doses of discretionary fluoride supplements. This would require consideration
of an individuals age, the fluoridation status of their domestic and alternative
water supply, their frequency of toothbrushing with or without fluoridated

toothpaste and personal risk factors for caries.

8. Institute a nationwide program to monitor dental fluorosis and evaluate its

relationship to dental caries.

9. In relation to Fact Sheet 51, while maintaining the optimal levels of fluoride in
drinking water between 0.6 and 1.1 ppm subject to climatic variation, and in
consideration of the availability of discretionary sources of fluoride exposure, we
recommend a revision of the Guideline Value from 1.5 mg/L to 1.2 mg/L. This
value is recommended to protect against the occurrence of dental fluorosis in

children aged from birth to six years.



Terms of reference

The terms of reference for the review specified two separate tasks

1.

2.

A review and critical appraisal of the scientific evidence of the benefits and risks
associated with water fluoridation.

A review of discretionary fluoride supplements and the making of
recommendations for dosage levels in the light of fluoride ingestion from all

sources.

Based on our findings, we are to

1.

make recommendations to the HAC regarding the contents of The effectiveness
of water fluoridation (NHMRC, 1991)
make recommendations to the HAC regarding the contents of Fact Sheet 51 of

the NHMRC 3 Australian Drinking Water Guidelines (1996).

Relationship of this report to the 1991 NHMRC Report

The effectiveness of water fluoridation (NHMRC, 1991) reviewed this body of work in
1990/1991

The main conclusions of the 1991 Report can be summarized as follows :

1.

Fluoridation of water to around 1 ppm continues to contribute to the prevention
of dental caries. The evidence for this protective effect is strongest in childhood.

Fluoridation of drinking water remains the most effective and socially equitable
means of achieving community-wide exposure to the caries-prevention effects of
fluoride.

There is no evidence of adverse health effects attributable to fluoride in
communities exposed to a combination of fluoridated water (1 ppm) and
contemporary discretionary sources of fluoride.

Fluoride supplementation within the intended normal range of daily intake is
safe in human populations. However, the need for ongoing attentiveness to the
possibility of increased risk of bone neoplasms and other possible adverse
effects was highlighted.

A hypothesised reduction in the concentration of fluoride in drinking water to
0.5 was estimated to result in an increase in caries of the order of 10-15%

within 5-10 years.
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6.

There is a need for effective control over discretionary sources of supplementary
fluoride, in order to avoid excessive intake in some children. Suggested measures to
achieve this included controls directed at reducing the ingestion of discretionary
fluoride in fluoridated toothpaste; reductions in the fluoride concentration of some
infant formula powders; and discouraging the inappropriate use of fluoride tablets
and drops.

If there were any future need for a community-wide reduction in long-term exposure
to fluoride, this would be best achieved by a reduction in the concentration of
fluoride in drinking water.

There is an urgent need for improved monitoring of dental health in children and
adults, and to monitor the levels of fluoride exposure and the occurrence of dental

fluorosis in Australia.

Based on these conclusions, the recommendations to the HAC were :

1.
2.

Maintain the current level of fluoridation of reticulated water supplies.

Encourage communities to adopt NHMRC and Water Resources Council of Australia
recommendations for water fluoridation.

Develop proposals to reduce the likelihood of excessive ingestion of fluoride from
infant formulas and toothpaste by young children.

Conduct a public and professional education campaign about the appropriate use
of discretionary fluoride supplements (other than toothpaste) in the presence of a
fluoridated water supply.

Ensure that the consumption of fluoride tablets and drops in non-fluoridated
communities does not exceed NHMRC recommended frequency and dose. Fluoride
products should be labelled with the current recommendations.

Monitor adult intake of fluoride with a view to estimating levels of deposition in
bone.

Increase support for dental public health research and evaluation in Australia and

specifically to monitor trends in dental health, including dental fluorosis.

Since the 1991 Report, the fluoride literature has grown rapidly and the

public and professional debate about the benefits and risks of fluoride

exposure continues. There have been numerous studies on the effectiveness
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of water fluoridation programs, the prevalence and risk factors for dental fluorosis and
the effects of long term exposure to fluoride on bone and other tissues. Sodium fluoride
has also been used as a treatment for osteoporosis, in doses that are several-fold
higher than the amount ingested from diet and other sources and this adds to the data
on the effects of fluoride on bone. In the 1991 Report there were limited Australian data
on which to make definitive judgements regarding the prevalence of dental fluorosis
and the authors, therefore, relied on studies from other countries. There have been
several large-scale studies, such as the Child Fluoride Study and studies in Western
Australia (Riordan and Banks, 1991; Riordan, 1993), which have been published since
then.

Interpreting the epidemiological literature on human fluoride exposure

Several issues need to be considered when interpreting the epidemiological literature

on human fluoride exposure.

1. Most studies have not used individual water consumption data and therefore have
not quantified water fluoride exposure or total fluoride exposure. Ecological studies

do not guarantee similar associations as studies of individuals.

2. Actual water fluoride levels have not been reported in all studies, with most
reporting target water fluoride levels. It has been shown that water fluoride levels

achieved may differ considerably from the target.

3. Fluoridated areas and non-fluoridated areas may not be comparable in all respects
eg socio-economic status, urban and rural areas and access to dental services.
Some papers have also raised the issue of selection bias where non-fluoridated high
caries areas are chosen rather than low caries areas (eg Christchurch in New
Zealand, Merton and Surrey in UK) or a non-fluoridated low caries area compared

with a fluoridated area (eg Napier and Hastings in New Zealand).

4. Consideration of the various confounders in fluoride studies includes
socio-economic status; use of fluoride supplements; dental procedures; diet
factors. Dietary factors include calcium and type of diet, for example

vegetarian diets which are alkaline result in increased F excretion, soy
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products and tea have high fluoride content and bottled waters have variable
fluoride levels. Other variables which affect fluoride status include gastric pH
which affects fluoride absorption and urinary pH which influences fluoride renal

clearance.

. A diffusion effect of fluoridated beverages and foods prepared in fluoridated areas
and distributed for consumption in non-fluoridated areas or the ingestion of fluoride
from other sources (toothpaste, supplements) may result in lower caries in non-
fluoridated communities and a decreased benefit of lifetime exposure to water

fluoridation.

Dilution effect of non-fluoridated beverages and foods in fluoridated areas including
the use of reverse osmosis water filters may contribute to decreased fluoride
exposure in fluoridated communities and higher caries or diminished benefit of

lifetime exposure to water fluoridation.

It has been suggested that fluoride exposure may delay tooth eruption and therefore
studies should be designed to allow for comparisons of children who are one year

younger in non-fluoridated areas than the fluoridated area.

. Various statistical methods have been used including linear regression, logistic
regression that allows for easier comparison in risk factor analysis and multivariate
analysis. Comparisons of data from these studies however may be difficult as there

are variations in the control for different confounders.



CHAPTER ONE
BACKGROUND TO THE REVIEW

Artificial fluoridation of reticulated drinking water has been instituted in many
countries to reduce the incidence of dental caries, after the observation that
communities with naturally fluoridated drinking water had a lower incidence of
dental caries. As a preventive health measure its introduction was not met with
universal approval, on the grounds of adverse effects on health and that it was an
infringement of civil liberties.

Water fluoridation has been endorsed by more than 150 science and health
organizations, including the Fédération Dentaire Internationale, the International
Association for Dental Research and WHO. Water fluoridation has been introduced
in 39 countries and many communities receive drinking water naturally fluoridated
at a level of 0.7 mg/L or higher (WHO, 1994). Water fluoridation studies have
indicated that the greatest reduction in dental caries and delay in progression of
carious lesions occurs in people living in a fluoridated area from an early age
(WHO, 1984). The large reductions observed in caries prevalence were achieved in
populations with high caries prevalence and in the absence of other forms of
fluoride use. The reduction in the prevalence of dental caries has led some people
in the community to believe, erroneously, that fluoride is now not as necessary.

There is a range of alternatives for provision of fluoride to the community
including fluoridated drinking water; fluoridated toothpastes; supplementary
tablets or drops; fluoridated salt, sugar or milk; and topical applications applied
either by individuals or health professionals. For individual countries which choice
is implemented is dependent upon technical, financial and cultural considerations.
Fluoride programs which require high levels of personal motivation have not been
successful in many countries, are least effective for economically underprivileged
sections of the community and have limited application as a public health measure
(WHO, 1994).

Developed countries such as Australia have established, centralised supplies
of reticulated water. This has enabled the implementation of a community-based
water fluoridation program which has been a mainstay in a public health approach

to prevention of dental caries. The technical aspects of the fluoridation process and
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levels in the domestic water supply are monitored regularly, ensuring a reliable
source of fluoride at optimal levels. A large proportion of households is serviced by
fluoridated reticulated water, achieving socially equitable access to an effective
means of caries prevention. Spencer et al.(1996) estimated that from 1977
approximately two thirds of the Australian population, 11.5 million of the then
17.5 million total, were resident in fluoridated areas though not all had attained
optimal lifetime exposure.

Community surveys document low regard for the importance of fluoride in
dental health, with the percentage of people in favour of a fluoridated water supply
decreasing between 1957 and 1990 (Spencer et al. 1996). Public knowledge of the
importance of fluoride is poor, as is community education. In recent years the
reduction in the incidence of dental caries and identification by the community of
dental fluorosis as an adverse effect of exposure to fluoride has led to a questioning
of the need for artificial fluoridation of water as a preventive health measure. The
perception of an apparently diminished benefit from ingested fluoride and debate
over its mechanism of protection, coupled with equivocal data that fluoride may
cause cancer and reduce rather than increase bone strength, has led to renewed
debate on the risks and benefits of water fluoridation.

The initial assumptions upon which the optimum levels of fluoride in
drinking have been based were made at a time when fluoridated drinking water
was the sole source of fluoride intake (excluding occupational exposures). These
assumptions have become obsolete with changing life styles and dietary habits; the
increased availability and consumption of processed soft drinks and foods where
the fluoride content is significantly affected by water used in the processing; the
widespread use of fluoridated toothpastes; and the availability of other sources of
fluoride.

Exposure of the general population to fluoride is now more widespread than
when fluoridated water was the sole source of fluoride intake. Fluoride is widely
present throughout the food supply and exposure is not limited to its presence in
fluoridated drinking water. Exposure can occur through the ingestion of food and
drink grown and processed in fluoridated areas. Most toothpastes contain fluoride
at varying levels. Although non-fluoride toothpaste is available, recent generations

of parents have grown up accepting and using fluoridated toothpaste. It is known
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that young children swallow a proportion of their toothpaste, thus increasing their
daily fluoride intake, possibly to levels sufficient to cause fluorosis.

In areas where drinking water is not artificially fluoridated, people may
ingest fluoride from a variety of sources: naturally fluoridated water, toothpastes,
and food products produced in fluoridated regions. Dietary supplemention with
fluoride may also be undertaken. The benefits of fluoride supplementation in this
form have not been clearly demonstrated and there is concern that fluoride
supplements may contribute to fluorosis in young children. The bolus effect of a
single or twice daily dose is not as effective as the intermittent dosing received
through drinking and eating over the period of a day. Topical application is the
most effective protection for the tooth surface and it is not readily achieved in an
oral bolus dose which results in an initially elevated blood fluoride level, falling
away to lower or no levels thereafter. Supplementation doses based on age rather
than bodyweight are also inappropriate for small children, though easier for the
parent to administer. It requires a persistent and dedicated parent to calculate the
required dose from the label, perhaps break a tablet, then consistently dose
children. Compliance is therefore a problem for those who decide to use
supplements and information is an issue for those who do not know that they
could or should.

In some regions evidence is being seen of an incidence of dental fluorosis
above that predicted by the original benefit-risk evaluation which recommended
appropriate levels for water fluoridation or supplementation. Many of those whose
teeth are affected by fluorosis regard it as an aesthetic problem of some
significance. We know within a broad time during childhood when dental fluorosis
can occur, but we do not know at what threshold dose or how general or individual
is that dose, we do not know individual exposure levels and there are multiple and
differing indices for identifying and classifying fluorosis.

In some countries, including Australia, supplementary fluoride tablets
are available without prescription in pharmacies or as in Brisbane,
may be supplied free by local councils. In other countries fluoride
tablets are available only on prescription from a dentist or medical doctor.
The Canadian Food and Drug Regulations permit the sale of fluoride
tablets over the counter only if the largest dose results in an intake of less

than 1 mg fluoride per day. The American Academy
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of Pediatrics modified its recommendations for fluoride supplementation for
children in 1995. Supplementation from birth is not recommended and dose
schedules have been decreased during the first six years of life. The USA has
banned claims that dietary supplements for pregnant women are effective in
reducing dental caries in the infant as such benefits have not been demonstrated
(WHO 1994). Supplementation is not recommended when fluoride levels in water
are greater than 0.6 mg/ (Hunt and Stoecker 1996). It has become apparent
throughout the course of this review that information on the level of the fluoride in
the water supply is not always easily accessible to parents.

For many of the public, knowledge of fluoride as a health measure in the
reduction of dental caries appears limited. Roberts-Thomson and Spencer (1995)
demonstrated the low regard people have for fluoridated water in a 1992 mail
survey of South Australians, in which 56 per cent of respondents rated fluoride as
definitely or probably important in caries, compared to the 87 per cent rating for
regular dental visits. There is evidence that community support for water
fluoridation is diminishing. It is possible that the positive effect of water
fluoridation in the reduction of dental decay has brought about the public
perception that dental decay is not a problem because it is not as prevalent. An
important consideration is the public awareness of and reaction to dental fluorosis
and evidence suggesting an increase in dental fluorosis in some areas of Australia.

Since the inception of fluoridated water, a generation of residents has gone
from ingesting a daily fluoride intake based on e.g. 1 ppm in whatever volume of
water they drank, to a composite and unknown but greater exposure from a
range of sources. The current fluoride intakes of children and adults in
both fluoridated and non-fluoridated areas require monitoring to provide good
data for risk assessments and informed decisions on modifying fluoride
intakes if necessary. Concern over the possible carcinogenic potential of
fluoride has been voiced over the past 25 years. It has also been suggested that
there may be an association between lifetime exposure to low level fluoride in
drinking water and the susceptibility to hip joint fracture in old age. The
uncertainty associated with increased intake of fluoride is a major area of concern
in an ageing world population and needs further clarification by detailed
examination to reach a more definite conclusion. In areas where fluoridation

commenced in 1964, the all-of-life
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exposed group of the female population will be approaching peri-menopausal
status within ten years providing a population to examine the relationship between
lifelong fluoride intake, skeletal health and osteoporosis.

The current literature continues to indicate that water fluoridation is still
providing life-long protection for teeth against dental caries, but there is a
reduction in the benefit seen between fluoridated and non-fluoridated
communities. The observation that there is an increase in dental fluorosis has led
to a re-assessment of the total body intake and absorption of fluoride in terms of
mass of fluoride/kg body weight/day and focussed attention on all the likely
sources of fluoride exposure including drinking water, beverages, food, toothpastes
and supplements.

Since the 1991 Report, the fluoride literature has grown rapidly and the
public and professional debate about the benefits and risks of fluoride exposure
continues. There have been numerous studies on the effectiveness of water
fluoridation programs, the prevalence and risk factors for dental fluorosis and the
effects of long term exposure to fluoride on bone and other tissues. Sodium
fluoride has also been used as a treatment for osteoporosis, in doses that are
several-fold higher than the amount ingested from diet and other sources and this
adds to the data on the effects of fluoride on bone. In the 1991 Report there were
limited Australian data on which to make definitive judgements regarding the
prevalence of dental fluorosis and the authors, therefore, relied on studies from
other countries. There have been several large-scale studies, such as the Child
Fluoride Study and studies in Western Australia (Riordan and Banks, 1991;
Riordan, 1993), which have been published since then.
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CHAPTER TWO
SOURCES OF FLUORIDE

Fluorine is the thirteenth most abundant element in the Earth's crust. It rarely
occurs as the element but normally is found as the fluoride ion or as a variety of
inorganic and organic fluorides. It occurs in varying concentrations in rocks, soil,
water, air, plants and animals both naturally and as a consequence of human
activity such as agricultural or industrial processes. Human exposure may be
through any or all of these sources. This review is restricted to consideration of
human exposure to fluoride through diet and the gastrointestinal tract (GIT),
although exposure may also occur through inhalation of aerosols or dust
particulates (e.g. cryolite, NaszAlFs) in the workplace or through volatile

anaesthetics (eg. halothane, CH3CHBIrCIs) used in certain types of surgery.

Water

In Australia, the natural fluoride concentration of water is typically <0.1 mg/L but
can range from <0.05-1.5 mg/L, while fluoridated areas which include about two-
thirds of the population, have water concentrations which range from 0.6-1.0
mg/L (1 mg/L is equivalent to 1 ppm). A more detailed discussion of fluoride
concentration in Australian water supplies follows in Chapter 3, Fluoride and the

water supply.

Soil and Air

The fluoride content of soil can be as high as 300 ppm but the fluoride from this
source is not readily absorbed. Fluoride compounds in the air rank third among
the air pollutants. They originate from the dusts of soils that contain fluoride,
industrial gaseous effluents, the burning of coal and from volcanic gases and
particulates (Whitford GM, 1996). The most prevalent form of atmospheric fluoride
is hydrogen fluoride (HF), which is rapidly absorbed from the lungs. In spite of
this, fluoride exposure from the atmosphere makes only a small contribution to the
total daily intake of persons who are not in heavily polluted areas (Hodge and
Smith, 1977; Smith and Hodge, 1979).

Chapter 2 1



Dentifrices and other topical applications

Since about 1970, fluoride toothpaste has become generally available in most
industrialized countries, and in Australia it constitutes more than 90% of
toothpaste purchased. The concentration of fluoride in most toothpaste brands is
0.1% or 1000 ppm, although low-fluoride toothpastes, 400-526 ppm, targeted at
children are available. Using 1 gram of a toothpaste containing 1000 ppm, the
approximate amount used if the bristles of the toothbrush are covered with the
product, results in a topical dose of 1 mg of fluoride. Fluoride mouthrinses contain
fluoride at a concentration of 0.05% (230 ppm). Topical applications of fluoride
gels are used by dentists as an anticaries product and may have a fluoride content

in excess of 10,000 ppm.

Fluoride supplements

When the role of fluoride in drinking water in the prevention of dental caries was
recognized, there was wide acceptance of the practice of fluoridating drinking
water supplies centrally. In areas where this was not feasible or not acceptable, the
use of fluoride supplements were recommended. The doses were devised to give
infants and children the same quantity of fluoride as they would receive if resident
in an area with optimally fluoridated water. Furthermore, the presumed
mechanism of action of fluoride in preventing caries was thought to be systemic as
a result of incorporation into the tooth enamel during its formation. Subsequently,
it has been shown that the major anticaries actions of fluoride are topical. The
effect of fluoride tablet supplements on caries is thought by some to be minimal
while they are considered to be a major risk factor for dental fluorosis. In Sweden,
0.25 mg fluoride lozenges (chewing tablets) are recommended for use ad libitum
(up to 1.5 mg per day) by anyone over the age of three years who is considered to
be at risk of caries. The tablets remain in the mouth for about fifteen minutes and
allow an elevated intra-oral fluoride concentration to be maintained by persons
who have a caries risk, thus providing a topical effect (Riordan, 1996).

Compliance with fluoride supplement schedules is notoriously low, both
historically and at present. Only 21% of children used supplements in a Brisbane
study in 1971 and supplement use declined with age and lower social class.
Supplement users also had better oral hygiene (Mclnerney et al, 1977). In
Bunbury, Western Australia, which is not fluoridated, only 20% of 4-12 year-olds

had used supplements on a regular basis (Riordan, 1991).
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Originally, supplements were recommended for all children in low-fluoride

areas from birth to teenage years, depending on age and fluoride content of the

water. Since then, schedules have been adjusted, usually downward, as evidence

that excessive fluoride exposure in childhood contributes to dental fluorosis. The

current recommendations in Australia, the USA and Canada are shown in Tables

1-3.

Table 1. Supplemental fluoride (mg) dosage schedule Australia (proposed by
the Dental Health Committee Discretionary Fluoride Panel of the NHMRC,

1993)
Age Drinking water fluoride concentration
< 0.3 ppm 0.3-0.5 ppm > 0.5 ppm
0-6 months 0] 0] 0
6 months-4 years 0.25 0 0
4-8 years 0.5 0.25 0
8+ years 1.0 0.5 0

Table 2. Supplemental fluoride (mg) dosage schedule

the ADA Council on Dental Therapeutics and the

Pediatrics, 1994)

USA (recommended by
American Academy of

Age Drinking water fluoride concentration
< 0.3 ppm 0.3-0.6 ppm > 0.6 ppm
0-6 months 0] 0] 0
6 months-3 years 0.25 0 0
3-6 years 0.5 0.25 0
6-16 years 1.0 0.5 0

Table 3. Supplemental fluoride (mg) dosage schedule Canada (Canadian

Pediatric Society and Canadian Dental Association, 1993)

Age Drinking water fluoride concentration
< 0.3 ppm 0.3-0.6 ppm > 0.6 ppm
0-6 months 0] 0] 0
6 months-3 years 0.25 0 0
3-6 years 0.5 0 0
6-16 years 1.0 0 0

Fluoride added to dietary components
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Fluoridation of drinking water is by far the commonest means of supplementing a
population in a naturally low-fluoride area and has achieved widespread
acceptance. However, other fluoride vehicles have been explored including table
salt, milk, flour and sugar, but only salt has been implemented to any extent.
Bergmann and Bergmann, 1995 have listed the advantages of salt as :

Allows the consumer free choice

Unlike tablets or drops, no attention has to be paid to daily compliance

Like water, it is taken in small amounts throughout the day rather than as a

bolus and this results in lower peak plasma concentrations

Low cost
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CHAPTER THREE
FLUORIDE IN DRINKING WATER

Roberts-Thomson and Spencer (1995) demonstrated the low regard people
have for fluoridated water in a 1992 mail survey of South Australians, in which 56
per cent of respondents rated fluoride as definitely or probably important in caries,
compared to the 87 per cent rating for regular dental visits. There is evidence that
community support for water fluoridation is diminishing. It is possible that the
positive effect of water fluoridation in the reduction of dental decay has brought
about public indifference and the perception that dental decay is not a problem
because it is not as prevalent. Water is not the only source of fluoride, but it is the
medium that is most readily controlled, it entails no compliance difficulties for the
consumer and the dose is received in small amounts over a period of time.

The fluoridation of public drinking water has been and continues to be
highly successful in reducing the incidence of dental caries, which until two
generations ago was a major disease. Water provides many advantages over
alternative dosing protocols due to its cost effectiveness, consistency of exposure,
equal distribution to all socio-economic groups in the community and its safety.

Six outbreaks of acute fluoride poisoning as a result of overfluoridation have
occurred in the USA between the late 1940s and 1989. Gessner et al. (1994)
reported a subsequent outbreak of acute fluoride poisoning, caused by
overfluoridation of a public water system in an Alaskan village. The water system
consisted of two wells from which residents transported chemically-treated water to
their homes. Pivotal factors contributing to the incident were the lack of training of
the system3 operator in use of the fluoridation unit and performance of fluoride
tests; failure to submit results of fluoride tests to the regulatory authority for
almost two years; failure of regulators to monitor fluoride test results; failure to
respond to elevated fluoride levels; major electrical and mechanical defects in the
water system; and a mechanism allowing fluoride concentrate to siphon from its
tank into the well.

Results of a case-control study and a retrospective study estimated that
296 of 470 residents (63%) suffered acute fluoride poisoning (95%
confidence interval, 249 to 343). One person died and another was seriously ill with
a serum fluoride of 9.1 mg/L (compared to 0.01 to 0.03 mg/L in persons drinking

water containing 1 mg fluoride/L). The median duration of symptoms was 24
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hours (range 1-132).

The most important requirement for community water fluoridation is a well-
established and centralised, reticulated water supply consisting of a suitable
treatment plant with safety mechanisms for preventing overdosage, a consistent
supply of a fluoridation chemical and operators technically competent to operate

and monitor the process.

Naturally fluoridated water

Naturally fluoridated waters contain the fluoride ion derived from sparingly soluble
minerals such as fluoro-apatites or fluorite. The usual range of concentrations
found varies from 0.05-5 ppm, with most values falling between 0.1 — 2 ppm
(Cantor, 1997). The fluoride level in naturally fluoridated Victorian waters ranges
from < 0.3 to 0.6 ppm (pers. comm. John Clancy, 1998). In areas such as Portland,
Victoria and the southern region of the Northern Territory the fluoride level may
approach 0.6 ppm.

In many countries there is a paucity of information on the fluoride content of
drinking water. The mean fluoride concentration in Norwegian ground water is
reported as 0.087 mg/L, but in 1002 samples from a representative county
Bardsen et al (1996) measured great regional variation with an average fluoride
level of 0.30 +/- 0.71 mg/L, ranging from below the detection limit to 9.48 mg/L.
Severe dental fluorosis has been found among Norwegian children who have
conscientiously followed the regimen for caries prevention prescribed by local
health authoritiesunaware (sic) of the high fluoride content of the domestic water
supply?> Assessment of fluoride levels in domestic water supplies is essential to

modify fluoride prophylaxis programs at an individual level.

Artificially fluoridated water

In areas where artificial fluoridation of the reticulated water supply has been
implemented it is undertaken after clarification and chlorination of the water. It is
achieved mainly by the use of compounds such as sodium hexafluorosilicate
(NazSiFs) in a slurry, fluorosilicic acid (H2SiFs) in solution, or occasionally sodium
fluoride (NaF) in a saturated solution, added as a weighed dose to a given rate of

water flow. All these salts dissolve to provide the aquated fluoride ion thus:

NazSiFs (H2SiFe)® 2Na+(2H+) + SiFe2 ---H20® 6 F- + HaSiO4 + 4H+ equation 3.1

NaF ® Na+ + F- equation 3.2
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Fluoride levels in Australian drinking water
All Australian capital cities, including Canberra but excluding Brisbane, have
implemented water fluoridation at varying concentrations depending on climate

and geography, as shown in Tables 3.1 and 3.2.

Table 3.1 Nominal target levels for fluoride in drinking water in major
Australian population centres.

City Mean annual Nominal fluoride Year first
maximum target/ppm fluoridated
temp/°C

Darwin 32.6 0.6 1972

Townsville 27.8 1.0 1964

Brisbane 25.6 Not fluoridated

Perth 22.9 0.8 1968

Adelaide 22.7 0.9 1971

Sydney 21.3 1.0 1968

Canberra 19.6 0.8 1964

Melbourne 19.7 1.0 1977

Hobart 16.8 1.1 1964

Regional variations in the optimal levels of fluoride in artificially fluoridated water
range from 0.6 ppm in the tropical climate of Darwin to 1.1 ppm in temperate
Hobart (NHMRC, 1996; HCS, 1993). Outside metropolitan areas there is often no
water fluoridation, and so Australians in many major regional centres and remote
areas are not receiving optimally fluoridated water. In Victoria, for example the
major regional centres of Geelong, Ballarat, and Wodonga remain unfluoridated
because of local resistance to the practice.

Residence in a fluoridated area may not necessarily be indicative of
consumption of fluoridated water. There are some areas where households in an
artificially fluoridated water region receive unfluoridated water because the supply
is fluoridated at a point after their distribution main. A number of households are
installing domestic water softeners, filters and conditioners, which may remove
none, or nearly all, of the fluoride from the water supply (Ong, 1996) so that the

residents receive uncertain and variable amounts of fluoride in their daily diet.
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Table 3.2 Current status of water fluoridation in Australian capital cities and

selected regional centres.

Area and Authority

No. of residences

Fluoridated Y/N

Fluoride

Population served Agent used concentration
Range ppm (mg/L)
VICTORIA
Greater Melbourne Y 0.80-1.0
Melbourne Water 3. 2 million people NazSiFs / H2SiFs
City West ( Melb) Y, via Melb Water 0.93-0.97
0. 25 million people
South Eastern Water Y, via Melb Water approx 1.0
(Melb) 1. 4 million people
Yarra Valley Water 501,550 Y, via Melb Water approx 0.9
(Melb) 1. 0 million people
Barwon Water >80,000 N <05
Geelong
Central Highlands | 27,000 N <0.3
Water 108,000 people
Ballarat
Coliban Water 5,100 Y approx 1.0
Echuca Water Supply | 9,500 people NazSiFs
Gippsland Water
Maffra/Stratford 2,990 homes Y 0.77
NazSiFs
Sale/Wurruk 6,581 homes N 0.13
Moe/Newborough 10,692 homes N 0.12
Moondarra Res¥r
Churchill/Morwell/ 22,835 homes N 0.11
Traralgon
Warragul/Drouin 8,690 homes Y 0.69
NazSiFs
ACT CANBERRA 118,000 Y 0.7-0.9
300,000 people NazSiFs
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Table 3.2 contd Current status of water fluoridation in Australian capital

cities and selected regional centres.

Area and Authority No. of residences Fluoridated Y/N Fluoride
Population served Agent used concentration
Range /7 ppm (mg/L)
QUEENSLAND
Brisbane Water 350,000 N
Brisbane 810,000 people
NEW SOUTH
WALES
Sydney Y 09-1.1
3.82 million people NazSiFs / H2SiFs
Gosford City Council 40,000 N
Hunter Valley Corp. 178,500 Y 0.8-0.96
Newcastle H2SiF6 (recently decreased
from 1.0 to 0.9)
SOUTH AUSTRALIA
SA Water Corp. 470,000 Y 0.8-1.0
Adelaide 1. 2 million people H2SiF6
WESTERN
AUSTRALIA
WA Water Corp 617,800 Y 0.7-1.0
Leederville, Perth 775,000 people NazSiFs / H2SiFs
TASMANIA
Hobart Water 185,275 Y 0.95-1.05
Hobart NazSiFe / H2SiFs
NORTHERN
TERRITORY
NT Power & Water | 23,000 (Darwin) Y NazSiFs 0.6 - 0.65
Authority
1,800 (Katherine) Y H2SiF6 0.5-0.6

Monitoring of fluoride in reticulated water

Fluoride levels in the reticulated water supply are monitored under procedures set
out in the Australian Drinking Water Guidelines (NHMRC 1996) to ensure
accountability of water authorities and a safe water supply for the consumer.

Quality control data obtained from a number of major Australian water providers
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are summarised in Tables 3.3 and 3.4 and indicate that where artificial fluoridation
is performed, quality assurance protocols ensure dissolved fluoride levels are within
+/- 0.2 ppm of the nominal value assigned for the area.

As an example, in Victoria, the Health (Fluoridation) Act (1973)specifies that
the time-averaged optimal concentration of fluoride in drinking water must be less
than or equal to 1 ppm. Data from Victorian Government quality surveys of water
sampled regularly at the consumer3 tap indicates that the fluoride content of
Melbournes water is in the range 0.7 — 1.2 ppm, and falls within the defined limits.
(John Clancy, Shayne Hayden, pers. comm, 1998).

Water providers take samples from customer's taps within their licence area
and examine them for chemical quality. All samples are collected near to the meter
as this is the nearest point at which water enters the customer's property. Table
3.3 presents a summary of the results for 1995-97 from South East Water
Limiteds 1996797 Water Quality Report and clearly shows that the tendency is for
the measured fluoride concentration to be at the lower end (0.72 ppm) of the
recommended level for Melbourne (0.7-1.20 ppm), although on occasions it may
reach > 0.9 ppm.

A similar result is seen in Table 3.4 for the Silvan-Olinda fluoride plant
(Melbourne) although the levels tend to be higher at 0.9 +/- 0.1 ppm. The reported
data indicate that it is possible to regulate the fluoride ion concentration to within

+/- 15 % of a nominal target, even when dealing with such trace levels.
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Appendix Seven - Fluoride Test Results

Fluoride is added to the water in Melbourne in accordance with the Health (Fluoridation) Act 1973. It is provided at low
concentrations to reduce the prevalence of dental caries. The NH&MRC 1987 Guidelines recommend a fluoride level of 0.7

to 1.2 mg/l to suit Melbourne's temperature conditions.

Zone

Qz27
Qz28
Qz29
Qz30
Qz31
Qz32
Qz33
Qz34
Qz35
Qz36
Qz37
Qz39
Qz40

Qz41

Qz42
Qz44

Qz45
Qz57
Qz58
QZ59
Qz61
Qz62
Qz63
Qz64
Qz65

Qz66
Qz67
Qz68
Qz69
Total
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Zone Name

Bunyip
Tynong
Pakenham
Koo Wee Rup
Berwick
Cranbourne
Somerville
Hastings
Bittern
Balnarring
Flinders
Frankston
Frankston
South

Mt Eliza

Mornington
Dromana/Port
sea

Lang Lang
Knox
Belgrave
Wantirna
Malvern

St Kilda
Hallam
Dandenong
Chelsea

Mulgrave
Notting Hill
Sandringham
Moorabbin

# Samples # Samples # Samples

Tested
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with Qz42
4
5
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4
included
with QZ64
2
3
3
2
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<=1.2
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1
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1996/97
% Samples
Passed
0.7-1.2
67%

100%
67%
40%
67%

100%
25%
50%

100%
67%

25%
20%

100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
100%
66%

Min.

0.64
0.46
0.58
0.72
0.39
0.49
0.42
0.7
0.56
0.67
0.63
0.7
0.67

0.62
0.58

0.05
0.75
0.75
0.8
0.75
0.73
0.8
0.72

0.75
0.72
0.76
0.76

Mean

0.74
0.53
0.60
0.78
0.65
0.69
0.68
0.77
0.64
0.73
0.67
0.75
0.73

0.67
0.66

0.21
0.83
0.83
0.86
0.83
0.78
0.85
0.80

0.80
0.78
0.78
0.78

Max.

0.79
0.59
0.61
0.88
0.79
0.86
0.85
0.84
0.72
0.79
0.69
0.8
0.81

0.71
0.76

0.37
0.89
0.88
0.91
0.92
0.85
0.88
0.87

0.85
0.83
0.79
0.79

1995/96
% Samples
Passed
0.7-1.2
90%
9%
2%
86%
91%
91%
81%
91%
88%
86%
90%
86%
90%

93%

94%
96%

31%
94%
89%
95%
93%
95%
88%
93%
83%

90%
84%
90%
96%
86%
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Water companies produce reports on the quality of their supply for agencies such
as the State Health Departments. Some, but not all, also publish informative
annual reports which are available for the public in print form or on computer.
There is a need for all water companies to provide information on water quality at a
regional level to the public in a simple and comprehensible manner, particularly
where judgements are to be made on health-related issues. As may be seen in
Table 3.3, the consumer at Lang Lang (East Gippsland, Victoria) receives an
average of 0.21 mg/L fluoride in their drinking water compared to an average of
0.78 mg/L for a consumer in the same geographical area at Koo Wee Rup. The
availability of local data on fluoride levels enables both the health professional and
consumer to make an informed decision on the adequacy or otherwise of her or his

fluoride intake.

The determination of fluoride in drinking water
The previous analytical data calls for comment, since it is on the basis of these
results that the success of the fluoridation programs are validated and judged. The
most common assay procedure employs the fluoride ion selective electrode (ISE)
which, when correctly used, is one of the most robust analytical tools for the
determination of fluoride in aqueous samples. With appropriate instrumentation
and sample preparation the fluoride ISE is capable of providing very reliable
(accurate & precise) results, using either a standard calibration curve for reference
or a known addition procedure to eliminate matrix effects on the analysis. The ISE
is also well suited for on-line monitoring, and at least one commercial
manufacturer provides a complete system. However, the analysis is not foolproof
and interferences from Fe(lll) and Al(lll) which are used in some flocculation
protocols can be significant if correct sample preparation is not undertaken. This
applies particularly to the use of Total lonic Strength Adjustment Buffer (TISAB), a
reagent which contains a pH buffer to eliminate hydroxide ion (OH -) interference,
and complexing ligands, such as citrate or ethylenediamine tetra-acetate (EDTA) to
eliminate metal ion binding, which may lead to erroneous results. In the laboratory,
ion chromatography is sometimes used as a cross-check to validate the analytical
results, but it is subject to more limitations than the ISE and is not suited to
monitoring in the field~

Although the ISE is capable of precise analytical measurement,
the comparability of results between laboratories may not be reliable because

of slight differences in the analytical procedures used. Analytical methods
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throughout the Australian water industry should be standardised by, for example,
use of the 1992 APHA method for fluoride in water (NHMRC Fact Sheet 51) as the
industry standard. The validity and reliability of test results should be compared in

double-blind inter-laboratory fluoride analyses of test samples.

Fluoride interactions with the water reticulation system
It is important to realise that the fluoride ion is not inert, and will react with other
positively charged species, especially metal cations such as Fe(lll) or Al(lll) and, to a

limited extent, Ca(ll) and Mg(ll) according to the equilibrium:
Mn+  + XF- ] M)+ equation 3.3

to give soluble metal co-ordination compounds containing bound fluoride.

The extent to which this occurs is likely to be minimal in 'normal’ domestic
water supplies. However, it is critical that when alum (which contains Al(lll))
clarification is used in the preliminary water treatment process, fluoride is not
added until after the alum flocculation. Otherwise, fluoride binding can enhance
the soluble aluminium content by a factor of 100 (McCormick et al.1993). It has
been shown that aluminium in food (a typical American diet contains 2-10 mg
Al/day) tends to decrease fluoride uptake from the gastrointestinal tract due to the
formation of very stable water soluble complexes (Ahn et al. 1995; Kessabi et al.
1986).

Because the water distribution network is composed of a large variety of
construction materials, including concrete and ceramic piping, iron, copper, brass
and PVC fittings and silicate glazed boilers in domestic hot water services, it will be
subject to a variety of corrosion problems from both cold and hot water. The
severity of such effects is highly dependent on the hardness or softness of the water
and the composition of the piping (OHalloran, pers. comm.1998). Metals in
particular are especially susceptible to reaction. Iron corrosion or rust is well
known, and brass alloys containing copper, zinc and lead, or silver solders
containing cadmium, give rise to excessive concentrations of these heavy metals in
domestic water, especially from hot water services (McCafferty, 1995). Fluoride can
enhance the solubility of these metals as indicated by equation x.x, above, (Lin et
al.1997) so it should not be added to reticulated water supplies in amounts beyond
those deemed necessary for its therapeutic efficacy.

Unfortunately, the compatibility of the materials of construction used in

the water distribution network with any compounds added to the water supply is
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rarely considered in discussions of fluoridation, and basic research in this area
would clarify the role that fluoride may play in corrosion enhancement, and any
concomitant solubilizing influence it could have on heavy metals such as copper,
zinc, lead or cadmium. In practice, the problem would not appear to be significant,
since in response to a recent questionnaire (Appendix xx) we sent to a number of
major water authorities throughout Australia there was almost universal agreement
that fluoride did not increase corrosion problems when it was added to the water
supply. Data from both Victoria (S. Hayes) and N.S.W. (Paul Thomson) suggest that
fluoride losses in the reticulation system are minimal (< 5%) especially once the

distribution network has equilibrated with the fluoridated water.

Fluoride and water-based beverages

An area of uncertainty with regard to fluoride exposure from drinking water arises
from the consumption of carbonated drinks, bottled water and health”drinks. This
has become much more widespread in recent years, and because such waters
contain variable amounts of fluoride, the total fluoride intake of an individual will

be difficult to ascertain.

In the case of prepared drinks such as beers, colas, carbonated soft drinks,
sports drinks, reconstituted juices, health food drinks and nutriceuticals there is
usually no overt effort by the manufacturer to remove fluoride, although newer
production plants are being fitted with reverse osmosis systems which are capable
of removing all dissolved materials. Thus, it is difficult to know how much fluoride
a beverage may contain unless the water treatment process for the specific
manufacturing plant is known. This is exacerbated by the fact that nationally
distributed brands may not all be made in the one city, and their central holding
depots may not even be in the same state of manufacture. Thus, the only way of
knowing how much fluoride a beverage contains is for the manufacturer to provide
batch analyses for guidance to health professionals and the public.

To illustrate this, the Coca-Cola Amatil range of beverages, and beer,
are both water-based drinks commonly consumed by a large proportion of
the Australian population. Australian beers are brewed primarily in Melbourne,
Sydney and Brisbane from the local reticulated water supply which is optimally
fluoridated in Melbourne and Sydney and unfluoridated in Brisbane. Treatment
of the water in Melbourne and Sydney does not remove fluoride. Distribution

of the product is throughout the country, thus people in Perth could drink
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unfluoridated Brisbane beer or fluoridated Melbourne beer. By contrast Coca-Cola
is manufactured in each of the six capital cities for distribution to the surrounding
State or Territory. With the exception of the Adelaide plant which has its own bore
water supply, local reticulated water is used. Treatment of the water varies by plant
from simple filtration to reverse osmosis, which removes fluoride. Thus Coca-Cola
from Brisbane will be fluoride free while that from other plants will contain fluoride
except where the water is treated by reverse osmosis. There is no requirement for a
declaration of fluoride content on either product. Mineral waters may contain
significant levels of fluoride, particularly imported brands.

The fluoride content of water used in industrial and home cooking influences
the fluoride content of the food products. The uptake of fluoride by vegetables from
cooking water has been reported as proportional to the fluoride content of the water
for the concentration range of 1-5 mg/L. The fluoride content of processed foods
and beverages prepared from water containing fluoride at 1mg/L level will contain
about 0.5 mg/kg more fluoride than those prepared with non-fluoridated water
(EHC 36).

Summary

In Australia artificial fluoridation of reticulated water has unique
advantages from the perspectives of distribution, equity, compliance and
cost-effectiveness when compared to other fluoride prophylactic programs.

Compliance with Australian Drinking Water Guidelines for quality
assurance monitoring ensures the water supply is delivered to households
at fluoride concentrations appropriate for health benefits and without
significant risk to the health of the consumer.

A standard analytical method for fluoride determination should be used
throughout the water industry.

Information on health-related drinking water characteristics, such as the
fluoride level in a local water supply, should be more easily accessible to

the consumer.

Chapter 3 12




References

Ahn, H. W., Fulton, B., Moxon, D., and Jeffery, E., Interactive effects of fluoride and
aluminium uptake and accumulation in bones of rabbits administered both agents
in their drinking water, J Tox and Environ Health, 44, 337 (1995).

Bardsen, A., Bjorvatn, K., and Selvig, K. A., Variability in fluoride content of
subsurface water reservoirs., Acta-Odont-Scan., 54, 343 (1996).

Cantor, K. P., Drinking water and cancer, Cancer-Causes-Control, 8, 292 (1997).
Gessner, B. D., Beller, M., Middaugh, J. P., and Whitford, G. M., Acute fluoride
poisoning from a public water system., N-Engl-J-Med., 330, 95 (1994).

HCS, Fluoridation: Fluoride levels in waters supplied to Victorian towns and cities ,
, Human Services - Water Technology Unit, Melbourne (1993).

Lin, N.-H., Torrents, A., Davis, A. P., and Zeinali, M., Lead corrosion control from
lead, copper-lead solder and brass coupons in drinking water employing free and
combined chlorine, J Environ. Sci. Health, A32, 865 (1997).

McCafferty, P., Schulz, R., and D'Ercole, R., Lead contamination in Perth drinking
water, Chemistry in Australia, August, 22 (1995).

McCormick, M. J., Hughes, J. G., Zhang, P., and Brymner, M., Behaviour of
aluminium species during water treatment., Water, December, 20 (1993).

NH&MRC, Australian Drinking Water Guidelines, , National Health and Medical
Research Council, Canberra (1996).

NH&MRC, Fact Sheet 51, , Canberra.

Ong, Y. S., Williams, B., and Holt, R., The effect of domestic water filters on water
fluoride content., Br-Dent-J., 181, 59 (1996).

Chapter 3 13



CHAPTER FOUR
FLUORIDE PHARMACOKINETICS AND PHYSIOLOGY

Introduction

Human exposure to fluoride is largely through water, diet and discretionary
sources such as toothpaste. An understanding of the pharmacokinetics and
physiology of fluoride is essential to our understanding of its role in the prevention

of dental caries and its real or potential adverse effects on human health.

Absorption

Fluoride in water and dissolved forms is readily absorbed and peak plasma
concentrations are reached within 60 minutes. Fluoride in foods may be
incompletely taken up due to binding in the food; for example, the high
concentration of calcium in milk and dairy products tends to limit the availability of
fluoride due to the formation of sparingly soluble calcium fluoride, and while tea
leaves contain about 100 ppm fluoride dry weight, only a portion of this is extracted
by boiling water such that infusions contain 1-5 ppm depending on the brand of
tea and strength of the brew (Wei et al.. 1989). Fluoride can traverse the oral
mucosa, especially from acidic solutions but absorption from this route is limited
compared with gastric absorption (Whitford, 1990). The rate of absorption is
inversely related to the pH of the gastric contents, i.e. low pH associated with high
fluoride absorption. This is consistent with the hypothesis that hydrofluoric acid
(HF, pKa =3.4), not ionic fluoride, is the permeating moiety. The fluoride in
monofluorophosphate (MFP) dentifrices is not significantly absorbed until the
material passes into the lower intestine where phosphatases release the bound
fluoride. Children who ingest soil (pica) are unlikely to absorb large quantities of
fluoride due to it being present in insoluble mineral matter. In general, over 80% of
the fluoride ingested each day is absorbed and less than 20% of the amount is

excreted with the faeces.

Distribution

Studies have indicated that fluoride is not bound by plasma proteins or
other plasma constituents (Whitford, 1990). Reported plasma levels vary widely
from 0.7 nmol/L to 1.8 £ 1.2 mmol/L in communities with fluoridated water (Taves,

1966; Smith et al., 1950) A recent study reported a mean serum fluoride level of
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0.91+ 0.5 in healthy individuals in a low-fluoride area, while the range was 0.05-
2.46 mmol/L (Torra et al., 1998). This may be due to differences in intake or
metabolism or differences in analytical techniques. Plasma levels of 10 or even 20
mmol F/L have been reported in humans exposed to extremely high concentrations
of 10 ppm or more of fluoride in the drinking water. In general, Guy (1976) found
that the numerical value of the fasting plasma concentration of healthy adults
whose main source of fluoride is dietary is roughly equal to that in the drinking
water, if the plasma concentration is expressed as mmol/L and the water
concentration as ppm or mg/L. Serum fluoride levels rise with increasing age but
there is no sex-related difference in serum levels (Torra et al., 1998). However, there
is very little information on steady-state plasma levels in children or the elderly, but
we could expect much greater variability due to differences in skeletal uptake and
renal clearance.

Fluoride passes through the placenta and is found in lower concentrations in
milk, the saliva and sweat than in plasma. Approximately 99% of the body burden
of fluoride is concentrated in calcified tissues (Whitford, 1994). Dentin and bone
appear to have similar fluoride concentrations (estimated at 1000 times that of
plasma) which increase with age, while that of enamel is markedly lower. The rate
of uptake by bone depends on the level of fluoride intake, age, hormonal status and
other factors, and can be modeled mathematically, based on fluoride availability,
bone remodeling rate and the fluoride binding characteristics of bone (Rao et al.,
1995). The capacity of the bone compartment to take up and store fluoride
longterm seems fairly unlimited, according to animal data.

During early infancy, 90% of a fluoride dose is taken up by calcified tissue,
but this declines steadily during the growth phase (Ekstrand et al. (a), 1994). The
major proportion of fluoride bound in teeth and the skeleton has a biological half-
life of several years. Mineralizing bone tissue will not only take up and accumulate
fluoride, but also releases fluoride during the process of bone remodeling.

In a short-term study in young adult humans, the plasma half-life of
fluoride was reported to increase from 2.1 hours for a dose of 3 mg, to 9 hours
for a dose of 10 mg, to 12.9 hours for a dose of 20 mg (Rao et al., 1995),
suggesting that bone uptake of fluoride is dose-dependent. In elderly adults

a half-life of 8.5 hours has been found (van Asten et al.. 1996). However, age-
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specific kinetic data on fluoride metabolism are not available and while animal data
may give useful predictors, there is a need for human kinetic data with chronic

exposure.

Elimination

The renal clearance of fluoride is high, about 35 ml/min in healthy adults. It is
directly related to glomerular filtration rate (GFR) and urinary pH. When GFR is
chronically depressed, such as in the elderly or those with renal insufficiency, renal
clearance of fluoride is decreased and tissue levels increase. Torra et al. found
significantly higher serum fluoride levels in elderly healthy subjects compared to
younger subjects from the same low-fluoride area in Spain (Torra et al., 1998). They
also found that fluoride excretion in urine was higher in the younger subjects
(p<0.05) and suggested that the rise in serum fluoride with age may be due to
impaired renal function, although GFR was not measured and fluoride intake was
not controlled. Torra et al. also found that serum fluoride levels in 150 patients
with chronic renal failure undergoing regular dialysis treatment, living in the same
geographical area, were approximately three times higher than the healthy
subjects. Factors that affect urinary pH, such as the composition of the diet,
certain drugs and metabolic or respiratory disorders, and the altitude of residence
have been shown or can be expected to affect the clearance of fluoride, although

the clinical importance of these factors is unclear.

Fluoride pharmacokinetics in infants following oral supplements

Ekstrand et al. (1994a) have conducted pharmacokinetic studies in 17 infants given
0.25mg fluoride, i.e on average 36.6 ny/kg. Plasma peak concentration was reached
by 30-60 minutes and averaged 3.3 mmol/L (63 ng/L). The net area under the
plasma concentration curve averaged 236 nmol/ml x min and was not related to
the dose of fluoride. This is probably explained by the relatively small range of
fluoride intakes and the considerable individual variability, particularly during
infancy. The rate of urinary excretion was significantly correlated with the rate of
urinary flow. Plasma clearance averaged 6.8 ml/kg/min and decreased significantly
with age. Net fractional clearance (renal clearance of the fluoride dose/GFR)
averaged 56.7%, which was significantly greater than the 29% observed during the
control studies in the same infants. Extrarenal clearance (through skeletal uptake)

of the fluoride dose decreased significantly with age
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and body size.

Ekstrand et al. (1994b) have also shown that at steady-state, the absorption
of fluoride from infant formula is about 90% and that, on average, 12.5% of the
fluoride intake (mean fluoride intake 20.5ngy/kg/day) is distributed to calcified
tissues. During 72 hour studies with a fluoride supplement of 0.25 mg/day,
distribution of fluoride intake to calcified tissues averaged 68-73%, depending on

whether the supplement was given with or one hour before a feed.

The bioavailability of monofluorophosphate (MFP)

Monofluorophosphate (MFP) is one of the most widely-used vehicles for fluoride
delivery in dentifrices. Its metabolism differs from that of sodium fluoride in some
ways. MFP is not ionic but is covalently bonded to the phosphorus. Absorption of
MFP occurs after enzymatic hydrolysis by phosphatases, therefore, it is slower than
that of ionic fluoride and results in a lower peak plasma concentration. This had
been attributed to the lack of acid phosphatases in the gastric musosa (Ericsson,
1983). Pre-treatment with cimetidine increases the rate of fluoride absorption from
MFP in rats (AUC equal to that of control group who got sodium fluoride) and this
has been attributed to the activation of gastric alkaline phosphatase as a result of
the inhibition of gastric acid secretion.

Rigalli et al., 1996 reported a reassessment of the bioavailability of fluoride
from monofluorophosphate. After intake of MFP, plasma contains diffusible fluoride
and protein-bound fluoride during the 6-8 h following intake. The area under the
curve of total plasma fluoride for MFP (1540 +/- 117 nmol.min/L) doubles that of
NaF (811 +/- 52 mmol.min/L p < 0.001) and they concluded that the bioavailability
of fluoride from MFP doubles that of NaF. However, Liote et al., 1992 compared the
bioavailability of NaF and MFP-calcium in a cross-over randomized study, in ten
postmenopausal women (aged 48-77 years) with glomerular filtration rate (GFR)
greater than 70 ml/minute and without bone disease. Each received 25 mg of NaF
[i.,e.,, 11.3 mg F ion (F-)] fasting and 100 mg of Na:FPO3-1250 mg CaCOs (i.e., 13.2
mg F) with breakfast in a ingle dose separated by an 8-day washout. The areas
under curve (AUC) for MFP-Ca (1711 + 195 ng/L/hour) and for NaF (1202 = 147
ng/L/hour) were not significantly different. The relative bioavailability of both

fluoride compounds related to their fluoride content was equivalent.
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Physiology of fluoride

Bones and teeth may be regarded as bio-composites composed principally of a
protein matrix (poly-proline) intimately mixed with an inorganic mineral phase,
(hydroxy-apatite = 3Caz(P0Ou4)2.Ca(OH)2 ). The ability of the fluoride ion ( F) to provide
caries protection for teeth is related to its ability to ion-exchange with the hydroxyl

ion (OH-) in the mineral phase to form small amounts of fluorapatite according to :

3Caz(P04)2.Ca(OH)2 + x F- U 3Cas(PO4)2.Ca(OH)2.x .CaFx + XOH- where x < 0.1

equation 4.1

As a result of the substitution of fluoride for hydroxyl ion, the volume of the unit
cell decreases due to more efficient ionic packing, thus the lattice becomes denser
and its chemical stability is enhanced leading to a mechanically stronger and more
acid resistant tooth surface, providing protection from dental caries (Aoba 1997).
This effect supports the current view that the major effect of fluoridation is post-
rather than pre-eruptive, and endorses the anti-caries effect of fluoride in drinking
water (Riordan 1991).

It is important to note that fluoride is not distributed uniformly throughout
a tooth. Although the mean fluoride content of human teeth is about 100 ppm (100
mg/kg), it is usually enriched to about 10-30 times this value in the very outermost
layers of the enamel surface (Hallsworth & Weatherell 1969 ; Weatherell et al..
1975 ; McGrane et al.. 1995 ; Shu et al.. 1998). The most commonly used fluoride
dentifrice, disodium monofluorophosphate, (MFP = Na>FPO3 ) may ion-exchange the
FPOs32- ion with the isostructural phosphate ion (PO43-) in an analogous fashion,

thus :

3Cas(PO4y.Ca(OH), + yFPOz2 ------ 3Cas (PO4)2(FPO3),.Ca(OH)2 + y PO43 where y < 0.1

equation 4.2

It is not clear what this substitution does to the mechanical strength or solubility
of the tooth mineral, but MFP is also known to be at least partially degraded
to fluoride ion by oral bacteria (utilising general purpose phosphatases present
in dental plaque) so it can also behave as an indirect fluoride source
(Whitford 1990). Both the ion-exchange processes shown in the above equations

lead to the incorporation of fluoride in teeth, principally in the outer enamel
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layer.

Fluoride acts in multiple ways in the prevention of caries: its presence in
plaque and saliva facilitates remineralization of enamel lesions before cavities
become permanent; it interferes with the metabolism of sugars into acids by caries-
producing bacteria; it is bacteriocidal in high concentrations; it renders the tooth
more resistant to acid attack if consumed during tooth development (WHO, 1994).
While public health measures to provide fluoride to a community have been
directed towards the reduction of dental caries in children, it can be seen from the
first three mechanisms of action above that the oral health of adults too can benefit
from exposure to fluoride. Because the fluoride ion-exchange process at the tooth
surface is an equilibrium, the fluoride can be leached from the surface as fluids
pass over it. Thus, it is important for erupted teeth that an adequate level of
fluoride be maintained in the enamel surface to protect them from carious lesions,
through fluoride from drinking water or dentifrices.

In spite of its appearance, tooth enamel is not a smooth impervious surface.
It is porous, and in order for a carious lesion to form, plague acids must penetrate
the enamel surface and deplete it of minerals, creating a microtrauma at the
surface. This, if left unchecked, eventually results in destruction of the tooth. Since
caries formation is not a continuous process, incipient lesions can be repaired
through the interactions of various elements such as calcium, phosphate, and
fluoride in the oral environment (Gaffar et al.. 1993).

Saliva is supersaturated with respect to calcium and phosphate which
clearly enhances apatite crystallization in microtraumas by the common-ion effect,
thus :

10 Ca2r + 6P0O4s2 + 20H- - 3Ca3(P04)2.Ca(OH)2

equation 4.3
Fluoride appears to assist the process and has several functional roles. The
substitution of fluoride in the hydroxy-apatite lattice reduces its solubility in acid
and provides enhanced mechanical strength; the ion-exchange process supplies a
steady stream of fluoride ions to inhibit bacterial growth on teeth (plaque), and
the final effect, which is now recognized as the most important of all, is that
fluoride stimulates and enhances the remineralisation of eroded teeth by affecting
the Kkinetics of precipitation (Wei & Yiu 1993; Duckworth 1993; Shellis &
Duckworth 1994; ten Cate et al..1998).
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In older members of the population, fluoride can help reduce the incidence of
root surface decay as cementum becomes exposed to oral bacteria when gingiva
(gums) shrink (Holt & Murray 1997 ; Shu et al..,1998) and it also reduces the
incidence of coronal decay (Lewis & Ismail 1995). Thus, fluoridation can have life-
long benefits (Banting 1994).

Fluoride in bone

Bone exists in two architectural forms - cortical and trabecular bone. Cortical bone
forms the outer walls of all bones and is found largely in the shafts of long bones. It
is a dense solid mass with microscopic channels and forms 80 percent of the
skeletal mass. Trabecular bone appears as a lattice of rods, plates and archs and
makes up the remaining 20 percent of skeletal mass. In adults, old bone is
continually replaced or renewed by a process of resorption and production known
as bone remodelling. Trabecular bone is remodelled at a higher rate than cortical
bone, with a turnover rate of 26 and 3 percent per year respectively. In adults
trabecular bone forms approximately 95 percent of vertebral bodies, 43 percent of
the femoral neck, 5 percent of the proximal radius and 1 percent of the second
metacarpal. Trabecular bone is more vulnerable than cortical bone to metabolic
influences and conditions that cause rapid bone loss.

Fluoride accumulates in bone and has a biological half-life of several years
in this tissue. It is well established that fluoride stimulates bone growth,
although it does not directly stimulate osteoblastic activity, and in vivo, there
is a lag time of months to years before the onset of osteoblastic activity (Johnson, in
Shupe 1992). When fluoride replaces the hydroxyl ion in apatite, the crystal
becomes mare stable. This enhanced stability renders the skeletal structures more
resistant to osteoblastic resorption, which alters the normal bone remodeling cycle.
Because bone remodeling appears to be an integral part of skeletal health, the two
properties of fluoride, increased formation of bone and a greater resistance to
resorption and remodeling, are in conflict, leading to the production of bone that is
quite abnormal. Fluoride also seems to increase bone formation earlier and to a
larger extent in trabecular bone compared to cortical bone. In terms of the clinical
response to fluoride, this means that the central axial skeleton will show a greater
response than the peripheral appendicular skeleton. This may explain, at least in
part, why it has proved so difficult to demonstrate the therapeutic efficacy of

fluoride supplements in the treatment of

Chapter 4 7



osteoporosis.

Individual human differences in respect to fluoride metabolism may account
for some of the variability in susceptibility to the effects of fluoride on bone. During
the treatment of osteoporotic patients, Kraenzlin et al., 1990 tested the hypothesis
that individual differences in fluoride pharmacokinetics may account for the large
variation in spinal bone density response observed upon fluoride treatment.
Fourteen patients (11 female, 3 male) treated for primary osteoporosis for an
average 23.8 (12-40) months with an average 31.8 mg/day elemental fluoride were
selected randomly from an outpatient clinic. Subjects were categorised as good or
poor responders (GR or PR) to fluoride on the basis of a change in bone density
greater or less than 13 mg/cc per year. By this criterion the average increase in
bone density for GR was 44+/-7 mg/cc per year compared with 3+/-2 mg/cc per
year for PR. Good responders were characterized by decreased renal fluoride
clearance and increased extrarenal clearance.

Chronic exposure to excessive amounts of fluoride of the order of 20-80
mg/day may give rise to skeletal fluorosis (Sharpe et al. 1992). This would require
exposure to drinking water containing more than 10 mg/L fluoride for 20 years or

more (Kaminsky, p 269, 1990) and is not a public health concern in Australia.
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Summary

Fluoride is well-absorbed from the diet, toothpaste and
supplements.

Fluoride in the diet, toothpaste and supplements has high
bioavailability.

A wide range of plasma concentrations have been observed
which may indicate inter-individual differences in fluoride

pharmacokinetics.

Fluoride is highly concentrated in bone and teeth and has a
biological half-life of years in these tissues. This may result in
relatively high plasma concentrations in an individual who
previously had high fluoride exposure some months or even
years after the high exposure has ceased.

Fluoride is largely excreted via the kidneys. Patients with renal
failure have plasma levels three times higher than normal
individuals from the same region. The effect of such high plasma

levels on bone merits investigation.
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CHAPTER FIVE
FLUORIDE- HEALTH EFFECTS

This chapter involves a systematic review of studies on the health effects of fluoride
published since 1991. The literature search included all English language articles
on human subjects available from libraries in Australia that were identified on
medline using the following search strategy: [fluoride or fluoridation] AND
[fluorosis or caries or cancer or fracture or osteoporosis or teeth]. They included
articles with various study designs including cross-sectional studies, uncontrolled
studies, comparisons between time and place both cross-cultural studies and
studies with historical controls, descriptive data, randomised controlled trials,
cohort studies and case-control studies (see Appendix for definitions).

Publications were summarised and presented under the headings of Caries
studies- fluoridated water, Caries studies- other fluoride exposures, Fluorosis
studies- fluoridated water, Fluorosis studies- other fluoride exposures, Other
dental studies- maturation, Bone mineral density and fracture studies- fluoridated
water, Osteoporosis studies- fluoride treatment, Cancer divided into Bone Cancer
studies-fluoridated water, Other Cancer studies- fluoride exposure, Other Adverse
Health Effects: Reproductive toxicity studies, Gastrointestinal toxicity studies-
fluoridated water and Otosclerosis studies-fluoridated water.

Studies were classified as pivotal, strong, moderate or weak based on
consideration of the quality of evidence rating, the study design and the sample
size of the population studied. Cross-cultural studies, uncontrolled cohort studies
and case reports although useful were not generally considered to provide strong
evidence for or against effectiveness. Although several large ecological studies were
undertaken their major limitation is the inability to link exposure with disease in
particular individuals. In this review more weight was given to well designed
studies in particular randomised controlled trials, cohort studies and case-control
studies when they were available.

The rating of the studies were based on quality of evidence using the following
scales:

| Evidence from systematic review of all relevant randomised controlled trials

I-A Evidence from a systematic review of a prospectively registered trials or a
mega-trial of sufficient power to rule in/out clinical relevant effects

I-B Evidence from a systematic review of all identifiable relevant randomised
controlled trials.

] Evidence obtained from at least one properly-designed randomised
controlled trial.

I11-1 Evidence obtained from well designed controlled trials without
randomisation.

I11-2 Evidence obtained from well-designed cohort or case-control analytic studies
preferably from more than one centre or research group.

I11-3 Evidence obtained from multiple time series with or without intervention.
Dramatic results in uncontrolled experiments (such as the results of the
introduction of penicillin treatment in the 1940s) could also be regarded as
this type of evidence.
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v Opinions of respected authorities, based on clinical experience, descriptive
studies, or reports of expert committees

Interpretation of the Fluoride Literature

Several issues need to be considered when interpreting the epidemiological
literature on human exposure to fluoride.

1. Most studies have been ®cological” in nature, in that they have compared
populations with differing exposure to fluoride in drinking water rather than
individuals with differing exposure. Ecological studies do not guarantee similar
associations as studies of individuals and generally provide weak evidence for
reasons described in various epidemiology texts (Rothman & Greenland, 1998).

2. Amongst fluoridated areas are some with high and some with low caries rates.
A similar spectrum exists amongst non-fluoridated areas. Under these
circumstances the validity of ecological comparisons can be distorted by
manipulation of the areas compared.

3. Many studies of populations exposed to differing levels of fluoride in potable
water report target fluoride levels rather that actual levels. It has been
demonstrated that water fluoride levels achieved may differ considerably from
the target.

4. Fluoridated and non-fluoridated areas often differ in other aspects important to
dental health. For example they may differ in respect to socio-economic status,
the degree of access to dental services, dental procedures and the typical diet.
These differences must be taken into account when comparing caries rates.

5. Several important sources of fluoride exposures are available besides
fluoridated water and differences in their use between fluoridated and non-
fluoridated areas must also be considered when comparing caries rates. These
include toothpastes containing various concentrations of fluoride and use of
fluoride supplements. Use of bottled water may also influence fluoride
exposure.

6. A diffusion’effect from fluoridated beverages and foods prepared in fluoridated
areas may contribute to the fluoride intake of individuals in the non-fluoridated
areas that they are distributed.

7. A dilution” effect from non-fluoridated beverages and foods prepared in non-
fluoridated areas and the use of reverse osmosis water filters that remove
fluoride either in the home or by some beverage manufacturers may contribute
to a decreased fluoride exposure in fluoridated communities.

8. Some evidence exists that tooth eruption is delayed in fluoridated areas. It has
been suggested that a proper comparison of caries rates should involve children
one year older in fluoridated areas than in non-fluoridated areas.

9. Unless these confounding factors are determined accurately it is not possible
to take them into account in statistical analysis.
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CARIES

In caries studies the indices dmft/s (diseased missing and filled deciduous teeth or
surfaces) and DMFT/S (diseased missing and filled permanent teeth or surfaces)
are well standardised with only minor shifts demonstrated over time. DMFS seems
to give a figure 35-75% higher than DMFT for the same group. Decay is defined as
the progression of caries to the dentine level. Other decay thresholds in caries
studies include an enamel lesion only, though the diagnostic threshold has largely
remained as dentinal involvement.

Variables for caries studies include criteria for inclusion of subjects, methodology
eg the use of fibreoptic transillumination of teeth may diagnose more decay than
other methods, examiner calibration and intra and inter-examiner reliability. Many
conditions such as lighting (daylight or artificial light) may influence examination
results as may position of the patient, debris on the tooth surfaces, excess saliva,
wet or dry teeth, instruments used in examination procedures and childs
willingness to co-operate. The definition of tooth surface limits may vary, although
there is agreement that a tooth has 4-5 surfaces there is variation due to the
inclusion of the borders in the examination of the tooth surfaces.

Apart from fluoride consumption the decline in caries may be related to antibiotic
therapy, a reduced virulence of the causative organism Streptococcus mutans, diet
including preservatives in convenience foods and antibiotics in the food chains,
oral hygiene and various dental professional measures including fissure sealants.

Toothbrushing frequency and method of rinsing after brushing were strongly
correlated with caries experience and caries increment at 3 years in a double blind
caries clinical trial in 2621 adolescents (Chestnutt et al, 1998). However
toothbrushing frequency and method of rinsing are not considered in the design
and analysis of most caries studies.

The differences between studies may be real or methodological. The DMF surface
index is primarily a count of restorations placed especially in countries with
comprehensive treatment services. This treatment overlay can distort the true
caries prevalence and can be a confounder in assessing change in caries with time.
Furthermore small developmental pit lesions on the occlusional and buccal
surfaces of molars are equated with large restorations involving occlusal and
proximal surfaces using the index. The inclusion of pre-cavitated lesions in caries
diagnosis may reduce apparent benefit of fluoridation as although these lesions
are present fluoridated water reduces the number of lesions progressing to
cavitated stage.

Fluoride Studies 1991-1998

Since 1991 there have been 9 studies judged to be pivotal (Attwood &
Blinkhorn, 1991; Teotia & Teotia, 1994; Provart & Carmichael, 1995; Slade et al,
1995; Slade et al, 1996a; Slade et al, 1996b; Heller et al, 1997; Jones, 1997b;
Selwitz et al, 1998) and 36 lesser studies of the relationships between water
fluoridation and dental caries (see Table of Caries studies- fluoridated water). The
preponderance of studies including large-scale cross-sectional studies from USA,
Australia, South Africa and smaller studies in the United Kingdom demonstrated
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a marked caries decrease in deciduous dentition and a smaller decrease in the
permanent dentition of children living in areas with water fluoridation. The
majority of studies where water fluoridation was ceased showed an increase in
caries (Attwood & Blinkhorn, 1991; Kobayashi et al, 1992; Kalsbeek et al, 1993;
Thomas 1995; Vigild et al 1996). Kalsbeek and co-workers (1993) demonstrated
61% lower DMFS scores in fluoridated Tiel compared to non-fluoridated
Culemborg and 17% higher DMFS in Tiel when fluoridation was ceased. Kunzel
and Fischer, (1997) showed a continued decrease in caries in Chemnitz, Germany
in 1995 despite the cessation of water fluoridation in 1990 although these results
may have influenced by other fluoride exposures. In Singapore caries continued to
decline despite a decrease in water fluoridation from O0.7ppm to 0.6ppm (Lo &
Bagramian, 1997).

Time-series data have shown a downward trend in caries experience in most
countries. A dose response effect on caries reduction was demonstrated in 11-14
year olds from 0.2ppm to 4ppm fluoride (Jackson et al, 1995) whilst other studies
did not demonstrate a dose effect above 0.7ppm (Cortes et al, 1996; Heller et al,
1997) or 1ppm (Selwitz et al, 1995) fluoride in water.

Children from lower socio-economic status groups living in non-fluoridated
communities have been reported to have higher levels of dental decay (Treasure &
Dever, 1991; Spencer 1996; Evans et al, 1996; Murray et al, 1991). Fluoride
exposure varies by socioeconomic group with higher socioeconomic groups having
greater exposure (Davies et al, 1993). Although this may contribute to a lower caries
rate in higher socioeconomic groups within fluoridated and non-fluoridated areas
(Slade, 1996) other factors such as diet, toothbrushing and dental treatments
would also contribute to lower caries incidence. In most studies the decreased
caries effect of water fluoridation was more evident in children from more deprived
areas (Provart & Carmichael, 1995; Slade et al 1996a; Jones et al, 1997a, b) with
fluoridation reducing the socio-economic inequalities in caries experience.

In an attempt to define more precisely the relative benefit from water fluoridation,
toothpaste and supplements some researches have used logistic regression
analysis controlling for certain fluoride exposures. Other fluoride exposures
influencing caries include the period of exposure to fluoridated water defined as 4-
12 years (Riordan 1991) and birth to 5-8 years (Kobayashi et al, 1992), fluoride
supplements (Clark et al, 1995) and early toothpaste use (Riordan 1991).

One study demonstrated the inter-relationship between calcium and fluoride. An
increase in caries was demonstrated for children with inadequate calcium nutrition
in areas with water fluoride of O0.7ppm and 2.85ppm though caries were
significantly higher in the 2.85ppm fluoride area (Teotia & Teotia, 1994).

There was a relationship between caries and diffuse opacities (Ellwood & OMullane
1994) or demarcated opacities (Ellwood & OMullane, 1996) and more caries in those
with higher fluorosis scores (Cortes et al, 1996; El-Nadeef & Honkala, 1998).

Although most studies have focused on the impact of fluoridation on the dental

health in children an lIrish study reviewed the dental health benefits in both
children and adults and demonstrated a higher number of natural teeth in
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adults (OMullane et al, 1996). A Welsh study reported a significant 30 percent
reduction in caries with water fluoridation in women of child-bearing (Thomas &
Kassab, 1992). Downer (1996) reported data for 16-24 year olds and 24-34 year
olds from the UK national surveys of dental health and the UK statistics on water
fluoridation coverage, toothpaste purchases and sucrose consumption. There was
a 5.1 decrease in DMFT in 16-24 year olds and a 2.7 decrease in 24-34 year olds
between 1968 and 1988 whilst the percentage of the population covered by water
fluoridation increased by 2.1%, percentage of toothpastes containing fluoride
increased by over 90% and sucrose consumption decreased by 23.5%.

Dental Caries Rates Worldwide

According to WHO more than 60% of European countries have achieved the goal of
no more than 3 DMFT at 12 years (Table 1). From the literature a large relative
benefit in caries reduction has been demonstrated in fluoridated communities
compared to non-fluoridated communities however the absolute differences may be
quite small.

A decrease in deciduous caries experience has been demonstrated in fluoridated
compared to low fluoridated communities ranging from 48% to 56.6% in dmft
and 28% to 65.5% in dmfs (Treasure & Denver, 1991; Slade et al, 1995; Evans,
1996; Slade et al, 1996b). The reported decrease in permanent caries experience
for fluoridated and low fluoride areas has ranged from18% to 53% for DMFT
(Murray et al, 1991; Ismail et al, 1993; du Plessis et al, 1995; Ellwood &
OMullane, 1995; Loh, 1996; Mestringer et al, 1996).

Although most studies have shown a continued decrease in dental caries recent
studies have found the magnitude of the difference in caries prevalence between
fluoridated and non-fluoridated communities has decreased (Slade et al 1995;
Brett, 1998). The caries protective effect of water fluoridation was 0.30 surfaces
per child in Queensland and 0.12 surfaces per child in South Australia for
permanent dentition (Slade et al, 1995). New Zealand dental health statistics for
12 and 13 year olds in 1995 have demonstrated small differences between
fluoridated and non-fluoridated areas (Brett, 1998). In Northland 46.02% children
were caries free with DMFT of 1.04 in the fluoridated town and 46.58% were caries
free with DMFT of 1.60 from the other towns and large rural areas which are non-
fluoridated and of low average income. In the Central region which is more affluent
than Northland 49.73% of children in fluoridated area were caries free and DMFT
was 1.24 and 49.83% in the non-fluoridated small town and rural areas were
caries free and DMFT was 1.39.
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Table 1: Caries experience in 12 year olds (Bolin, 1997)

Country Year DMFT
Belgium 1991 2.7
1994 1.9
Germany 1993 3.2
1994 2.6
Greece 1993 1.6
1994 2.4
Ireland 1992 1.9
1994 1.9
Italy 1994 2.2
United Kingdom 1993 1.4
Scotland 1994 1.8
Spain 1993 2.3
1994 1.8
Sweden 1994 1.6-1.9
1995 2.0
South Africa 1992 0.34-2.61
Nigeria 1997 0.11-0.32

Dental Caries in Australia in the 19907 relative to the Rest of the World

Australia has one of the lowest figures for caries disease, similar to Singapore.
Australian studies (Riordan, 1991) have demonstrated DMFT below the WHO
recommendation in both fluoridated and non-fluoridated communities, lower
caries in fluoridated areas (Riordan, 1991; Patterson, 1993; Slade, 1995; Slade,
1996a, b) and higher caries for children from low socio-economic backgrounds
especially in non-fluoridated areas (Patterson, 1993; Slade 1996) including
aboriginal children (Seow et al, 1996). Multivariate analysis has indicated that
water fluoridation was associated with lower DMFT scores (Riordan, 1991).

Dental caries experience in 12 year-old Australian children declined by about 50%
(DMFT 9 to 4.5) in the 20 years from 1955-1975 and there was a further decline of
about 78% (DMFT 4.5 to 1) in the 20 years from 1975-1995. Australian Institute of
Health and Welfare Dental Statistics and Research Unit unpublished data show a
marked downward trend in caries experience in children aged 6-12 years with time
with a projected DMFT for 12-year-olds in 1998 of 0.84 which is lower than the
Australian Better Health Commission national oral health target for 2000 of 1.0.
The figure for 1995 was 1.01 which is well below the international target for the
year 2000 of 3.0 set by the WHO (FDI 1982). It also compares very favourably with
figures from other countries (Bolin, 1997; Bjarnason, 1998) tables 1 and 2.
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Table 2: Caries experience in 12 year olds in 1990s (Bjarnason, 1998)

Country
Australia
Belgium
Canada
Denmark
England
Estonia
Finland
Germany
Iceland
Latvia
Lithuania
Netherlands
Norway
Sweden
Switzerland

USA

DMFT
1.2
2.7
1.5
1.3
11
4.1
1.2
2.5
2.5
5.8
3.8

2.2
1.5
11

DMFS
2.0
1.0
1.3
1.5
1.8

1.4
2.5
2.9

1.3

1.4

1.6
2.0

% Caries Free (DMFT)
55
25

49
50

30

23

60

36
48
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Dental Caries Experience in Australia

The fall in mean DMFT in Australia has been associated with a rise in the number of
children who are free of caries at any given age. In 1977, 10% of 12-year-old children were
caries-free and this rose to 31% in 1984 and to 54% in 1994. There has also been a
change in the frequency distribution for caries experience from a symmetric distribution
around a mean of 9 to 10 teeth in the 1950% and a mean of 4 teeth in 1977. By 1984, the
distribution showed two peaks, one still at 4 teeth with caries experience and one for
caries-free children. By 1992, the distribution was again uni-modal but now the mode was
for caries-free children. Only 6% of children had five or more teeth with caries experience.
The possibility of changes in diagnostic criteria and philosophy of treatment contributing to
the decrease in caries experience deserves consideration (Spencer et al, 1994). In South
Australia, while the number of DMF teeth declined by 0.22 from 1990-2, the number of
fissure sealed teeth rose by 0.34 in the same period. This might also explain the plateauing
of the dmft of 6 year-olds, where fissure sealants were not frequently observed.

Table 3: Dental caries experience® (mean number of teeth) of 6-year-old and 12-year-
old school children, States and Territories, 1990 to 1995 (Australia’ Health, 1998)

NSW Vic Qld WA SA Tas ACT NT Australia

6-year-olds (dmft)

1990 2.20 2.10 2.43 1.54 1.88 1.59 1.15 2.08 2.06
1991 2.05 2.04 2.48 1.29 1.98 1.57 1.14 1.96 1.94
1992 2.00 2.05 2.37 1.32 1.53 1.48 1.09 1.99 1.95
1993 2.04 1.81 2.18 1.48 1.38 1.35 1.33 1.81 1.90
1994 1.93 1.67 2.27 1.37 1.17 n.a. 1.17 1.99 1.79
1995 1.75 1.78 1.99 1.39 1.47 1.48 1.39 1.99 1.73

12-year-olds (DMFT)

1990 1.32 (b) 1.69 1.75 1.26 1.11 1.03 1.18 1.44
1991 1.18 (b) 1.54 1.43 1.06 1.18 0.91 1.26 1.29
1992 1.19 (b) 1.50 1.22 1.04 0.98 0.76 0.91 1.22
1993 1.04 (b) 1.44 1.20 0.64 0.96 0.77 0.85 1.10
1994 1.11 (b) 1.37 1.07 0.59 n.a. 0.69 0.81 1.09
1995 0.93 1.02 1.37 1.04 0.64 0.86 0.61 0.82 1.01

(b) Insufficient numbers examined to provide an estimate

There has been an overall decrease in caries for both deciduous and permanent
dentition in Australia since 1990. Data from individual states also demonstrate a
decreased trend in caries with Queensland the only state where the capital city is not
fluoridated having the highest DMFT from 1991-95. Exposure to fluoridated water
varies between states. In South Australia over 90% of persons are resident in
fluoridated areas with the obverse in Queensland. However, only 46% of persons in
South Australia reported using the fluoridated reticulated supply as their principle
source of drinking water with 43% using tank or bottled water and the rest using a
mixture of the two. In Queensland 95% of persons use reticulated water as their
principle source of drinking water (Davies et al.,1994).
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Table 4: Percent Victorian children decay free or with no decay experience
(dmft & DMFT) 1996-97 using School Dental Services (Dental Health Services

Victoria)

Age group Fluoridated communities | Non-Fluoridated communities
(15,775) (n=8,064)

3-byears 64.9% 50.3%

6-8years 51.5% 39.8%

9-l11lyears 39.7% 28.3%

12-14years 43.1% 33.8%

Data from School Dental Services in Victoria where the capital city, Melbourne
receives fluoridated water and several other large Victorian cities and rural towns
receive non-fluoridated water demonstrate a higher percentage of Victorian
children that are decay free or with no decay experience across all age groups in
fluoridated communities.

Table 5: Caries Experience dmft and DMFT for children using School Dental
Services (Dental Health Services Victoria)

Age group Fluoridated communities | Non-Fluoridated communities
(n=15,775) (n=8064)

3-byears 1.35 dmft 2.30 dmft

6-8years 1.74 dmft 2.57 dmft

9-l11lyears 1.67 dmft 2.39 dmft

12-14years 1.01 DMFT 1.28 DMFT

Caries experience in deciduous and permanent teeth demonstrate a benefit for
Victorian children in fluoridated communities. The absolute benefit ranges from
0.95 dmft for 3-5 year olds to O.27DMFT for 12-14 year olds.
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Conclusions

Significant benefits in preventing dental caries in deciduous teeth from
water fluoridation.

Significant benefits in preventing dental caries in permanent teeth from
water fluoridation.

Association between fluoride exposure and caries experience is stronger
for deciduous than permanent teeth.

There has been a narrowing of the relative caries differences between
children in fluoridated and non fluoridated communities.

Protective effect on dental health of water fluoridation demonstrated in
adults.

There is a continued decline in caries experience with time for both
fluoridated and non-fluoridated communities.

An increase in caries experience has been demonstrated in communities
that have ceased water fluoridation.

Caries are higher in socio-economically disadvantaged children residing in
non-fluoridated communities.

Socio-economic inequalities reduced among children with exposure to
water fluoridation

Increased caries demonstrated in those with higher fluorosis scores

Increased dental caries in children with calcium deficiency and high water
fluoride intake.

Chapter 5 10




Caries Studies - Fluoridated water

Study

Type of Study..

Population

Positive/Negative Study
Outcome

Pivotal/
Comment

Rating

Attwood D, Blinkhorn AS.
Dental health in schoolchildren 5
years after water fluoridation
ceased in south west Scotland.
Int Dent J. 1991; 41(1):43-8.

Time series of cavities in
children lifetime residents in
two Scottish towns (Stanraer
water F ceased in 1983 and
Annan non-F) attending state
primary schools.

Children 5yo and 10yo in
Stranraer (n=121 and n=125)
water F 1967-83 and Annan
(n=96 and n=114) in 1988 and
comparison with 1980 study.

Positive decrease in caries with
water F and increase with
cessation water F.
In 1980 Stranraer (S) 5 yo
dmft= 2.48, Annan (A)
dmft=4.38 (44% diff).
In 1988 5yo dmft= 3.08 in S
and 3.18 in A (3.1% diff, ns).
24% increase dmft in S and
27% decrease in A.
In 1980 S 10 yo DMFT= 1.66
in A DMFT=3.35 (diff 50%).
In 1988 10yo DMFT=2.28 in S
and 2.56 in A (diff 10.9 %).
DMFT increased 37.4% in S
and decreased 23.6% in A.

*

Pivotal
study.
Non-F town
also
showed
decrease
cavities

11-3

Murray et al. The effect of
residence and social class on
dental caries experience in 15-
16 year old children living in
three towns (natural fluoride,
adjusted fluoride and low
fluoride) in the north east of
England. Br Dent J 1991,
171:319-22.

Cross-sectional study of three
English towns with varying F
water

N=1,374, 15-16yo continuous
residents from Hartlepool (H)
natural F =1.0-1.3 ppm,
Newcastle (N) F=1.0ppm,
Middlesbrough (M) F=0.2ppm.

Positive for caries decrease
with increasing water F
especially continuous residents
(ie dose effect) and some SES
effect.
Mean DMFT=1.7 for H, 2.7 for
N, 3.4 for M, DMFS =2.9 , 3.7,
6.2 respectively.
Stat signif differences in
caries between all 3 towns.
46% difference in DMFT for H
vs M and 18% N vs M . For
DMFS 54% H vs M and 36%
N vs M.
Continuous residents slightly
lower DMFS H and N and
higher in M.
Small gradient of change
across social classes | to V for
N and M.

Moderate
study
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Riordan PJ. Dental caries and Cross-sectional study of caries N=339, children 12y in Perth, Positive decrease in caries with | Strong v
fluoride exposure in Western in fluoridated and non- Western Australia (F=0.8ppm water F 0.8ppm, from 4-12y study
Australia. J Dent Res 1991; fluoridated areas based on since 1968) and n=253 in and early toothpaste use.
70:1029-34. fluoride exposure (water, Bunbury region (F<0.2ppm). - Mean DMFT=0.89 Perth, 1.57
supplements, toothpaste) from | 22.5% Bunbury children used F Bunbury. Prevalence caries
birth to 4 years and four till 12y | suppl more or less regularly significantly lower in Perth
from birth to 4y and 19.4% 0.38 and 0.61 Bunbury
from 4-12y. About 2% Perth (p=0.0001).
children used F Suppl_ OR=0.34 residence F area 5-
8y between age of 4-12y.
OR=0.47 started toothpaste
<1y, OR=0.58 liked
toothpaste.
Early use toothpaste and
residence F area 4-12 years of
age important factors for no
caries.
Treasure ET, Dever JD. The Cross-sectional of dental caries | N=342, children 5yo from Otaga | Positive water F benefit on Moderate v
prevalence of caries in 5 year in children in fluoridated and and Cantebury. Ashburton, caries study

old children living in fluoridated
and non-fluoridated
communities. NZ Dent J 1991;
88:9-13

non-fluoridated sites in New
Zealand

Dunedin F=1ppm sites and
Oamaru- never F, Timaru-
water F=1ppm until 1985. 25%
continuous residents Oamaru
used F tablets for mean 6
months and 52% in Timaru for
mean 15 months.

For Dunedin dmft=1.13, 1.16
for Ashburton, 2.05 Timaru
and 2.87 Oamaru -differences
between towns p=0.0002.
Continuous residents
Dunedin dmft=1.08, 1.03 for
Ashburton, 2.00 Timaru and
2.91 Oamaru —difference
between towns p=0.0005.

In F areas continuous
residents dmft 1.06, non-F
dmft=2.44, ie 56.6%
difference.

Continuous residents dmfs
=1.52 in F and 4.41 in non-F,
65.5% difference.
Socioeconomic gradient for
caries in non-F areas only.
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Kobayashi S et al. Caries Time-series of caries in three N=117, female nursing students | Positive trend for lower caries Weak study | I11-3
experience in subjects 18-22y of | areas which ceased fluoridation. | 18-22y in Yamashina district F | at 18-22y from water F 0.7- Small
age after 13 years discontinued 1952-65, Asahi F 1967-71, 1ppm exposure from birth to 5- | sample size
water fluoridation in Okinawa. Okinawa F 1957-72. F exposure | 8Y-
Comm Dent Oral Epidemiol group had F water (0.7-1ppm) . DMFT=10.73 for non-F and
1992; 20:81-3. from birth to 5-8y (n=61). No F 8.92 F (16.9% decrease, ns).
group were those growing up in DMFS=20.36 and 15.02
non-F areas (n=56) (26.25% decrease).

DT=1.46 non-F and 0.74 F

(49.3% decrease, ns), FT=8.71

and 8.09 (7.2% decrease, ns),

MT=0.55 and 0.10 (81.8%

decrease), HPC=1.21 and

0.23 (81.8% decrease).

DMFS in pitts 12.20 for non-F

group and 11.51 F (5.7%

decrease, ns), in FS 3.3 and

1.74 (47.3% decrease), in MD

4.86 and 1.77 (decrease

63.6%).
Thomas FD, Kassab JY. Cross sectional study of dental N=1537 mothers from St Positive for lower caries in Moderate v
Fluoridation in Anglesey: a caries in mothers who attended | Davids Hospital divided into child bearing women living in study

clinical study of dental caries in
mothers at term. Br Dent J 1992;
173: 136-40.

St David 3 Hospital, Gwynedd,
Wales between July 1986-87 for
confinement

continuous residents from non-
fluoridated Gwynedd and
fluoridated Anglesey.

fluoridated areas.
No signif diff in social class
and age group for two areas.
DMFT=13.6 Gwynedd and 9.5
Anglesey, 30% decrease
(p<0.0001, CI 3.4-4.9)
Anglesey mothers DMFT>15
less than 1/6th Gwynedd
DMFS occlusal sites in
premolars 3.9 Gwynedd, 1.9
Anglesey , 52% less
(p<0.0001, CI 1.6-2.4)
DMFS smooth surfaces in
posterior teeth 20.3 Gwynedd
and 11.8 Anglesey , 42% less
(p<0.0001, CI 7.5-9.6)

Chapter 5

13



Ismail Al et al. Should the
drinking water of Truro, Nova
Scotia, be fluoridated? Water
fluoridation in the 1990s. Comm
Dent Oral Epidemiol 1993;
21:118-25.

Cross-sectional study of
Canadian children from areas
with and without water F
exposure, other F exposures
and cavities

N=219 children in 5-6 grade
from Truro (<0.1ppm F) and
Kentville (1.1ppm), Nova Scotia,
Canada. TSIF scores for
fluorosis, DMFS for decay.

Positive trend

DMFS=4.2 for non-F, for F
3.5, Well 4.9, Mixed 4.2,
Unknown 6.8.

Include non-cavitated lesions

Moderate
study-
small
sample size
ie

17% ns difference DMFS, insufficient

39% diff (ns) exclude non- to detect

cavitated lesions. difference

For children exposed to F in DMES

water since birth, F water did

not add to reduction in caries

prevalence in regression

model included F dentifrices

and education level parents.
Kalsbeek H et al. Caries Time series of caries in two N=3,645, 15yo0 born and living Positive initially lower caries in Weak study | I11-3
experience of 15-year-old defluoridated areas in The in Tiel (F 1.1ppm from 1953-73) | water F=1.1ppm area with small .
children in The Netherlands after | Netherlands. and Culemborg never F increase after F ceased. Decrease in
discontinuation of water (0.1ppm). Inconclusive variable F exposures.| Caresin
fluoridation. Caries Res 1993; Mean DMFS=10.8 in 1968/69 | Nnon-F with
27:201-5. time, other

in Tiel and 27.7 in Culemborg
(60% diff), in 1979/80 12.7
and 19.9, in 1987/88 9.6 and
7.7.

Mean DMFT=7.4 in 1968/69
in Tiel and 14.1 in Culemborg,
in 1979/80 7.8 and 10.4, in
1987/88 5.5 and 4.8.

Caries declined in both cities,
there was small increase
caries for Tiel 1979/80 after F
interruption.

F toothpastes and F
applications in both areas, F
applications more frequent by
dentists in Culemborg, free F
tablets in Tiel children 0-12y
in 1969-80 program. Children
5-6y 53% Tiel at least one
0.25mg F tab 30% Culemborg.

F exposures
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Patterson AF. A study of the Cross sectional study of N=2,206 children to 14y Positive decrease in caries with [ Moderate v
dental health of primary school | children in fluoridated and non- | continuous residents Upper water F and SES effect study
children in the local government | fluoridated areas of Blue Blue Mountains (n=1106) non-F dmfs=3.36 for non-F and 1.91
areas of blue mountains and Mountains of similar socio- and Hawkesbury (n=1100). for F area
Hawkesbury, NSW, 1993.NSW demographic pattern. Toothbrushing and F suppl dmft=1.65 non-F and 0.97 for
Health Department information collected but not F area
nutrition. Oral hygiene habits For continuous residents with
and toothpaste usage similar. no discretionary F intake
dmfs=4.78 for non-F and 1.59
for F area. For dmft non-F=
2.22 and F area=0.84.
Where major source drinking
water was mains non-F mean
dmfs=3.52 and F=1.65, mean
dmft non-F=1.71 and F area
=0.86.
Major source drinking water
other source non-F are
dmfs=2.51 and F area=2.27
and dmft=1.40 non-F and
1.15 for F area.
Dental disease higher in
socio-economically
disadvantaged but less in F
area than non-F
Riordan PJ. Dental fluorosis, Cross-sectional comparative N=350, children 7.5y Perth, Inconclusive. Weak study | IV
dental caries and fluoride study of F exposure in children 89% lived in F area (0.8ppm) at 10% children DMFT>0. Mean
exposure among 7-year-olds. least 2.5y. Minimal F suppl use DMFT=0.13. Low
Caries Res 1993; 27:71-7. (4.6%). TF index measured on No statistically signif numbers of
upper left dry permanent relationship between caries cr_nldren_
incisor, DMFT. and residence in F area. with caries
and few
had not
lived in F
area, first
permanent
molar just
erupted.
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Vignarajah S. Dental caries Cross-sectional comparative N=578 5-6yo, 12yo, 15-19yo Weak positive trend for caries Weak study | IV
experience and enamel opacities | study of life-long residents of life-long residents in urban reduction with 0.6-1ppm F. .
in children residing in urban and | three F areas in Antigua, West | water F=0.1-0.2ppm, n=382 . 5-6yo caries free 61% in rural | Variable
rural areas of Antigua with Indies. rural water F=0.1-0.3ppm area, 0.6-1ppm F, 52% 0.1-0.3ppm water F
different levels of natural n=295 in rural water F=0.6- and 58% 0.1-0.2ppm (ns) intake
fluoride in drinking water. Comm 1.0ppm area. Since 1984/85 No signif diff in mean dmft or
Dent Health 1993; 10:159-66. weekly 9mg/10ml F rinses dmfs in three areas.
and/or toothpaste for 6-14yo in No signif diff DMFS for 12yo
88% schools low F areas and 2 (1.3, 1.4, 1.6), 15-19yo (1.9,
schools 0.6-1ppm F. Most 21, 2.4).
residents also use rainwater.
Used TSIF for all 24 teeth.
Ellwood RP, OMullane DM. Cross-sectional study of N=3,538 children 12yo. Using No conclusion in relation water | Moderate v
Associations between dental children from North Wales with | DDE index (demarcated opacity, | F, positive relationship between | study

enamel opacities and dental
caries in a North Wales
population. Caries Res 1994;
28:383-7.

drinking water of <0.1ppm.

diffuse opacity, hypoplasia).

caries and diffuse opacities
17.9% diffuse opacities on
one or more teeth affected
48.7% (demarcated opacities).
33% increase in caries in
those with diffuse opacities
(p<0.001).
28% decrease DMFS in those
with demarcated opacities
(DMFS=3.2) compared to
those without (DMFS=2.5).
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Teotia SPS & Teotia M. Dental
caries: a disorder of high
fluoride and low dietary calcium
interactions. Fluoride 1994;
27:59-66.

Cross sectional comparative
study 1963-93 of F and Ca
nutrition and caries and 5 year
randomised placebo controlled
1g calcium intervention study of
10yo children with same SES in
water F <0.6ppm and water
F=2.5ppm and caries

N=400,300 children lifetime
residents from non-endemic
F<lppm, mean 0.5ppm
(n=200,000) and endemic
F>1ppm, mean 4.2ppm
(n=200,300) fluorosis villages of
India. Calcium intervention
study n=23,273 mean water F
0.7ppm (n=12,150) and
2.85ppm (n=11,120)
randomised to calcium or
placebo

Negative increase in caries for

high F exposure and higher

caries with low Ca exposure
Dental caries highest in
calcium deficient children
exposed to high water F
intake.

Non-endemic villages children

adequate calcium nutrition
7% fluorosis, 2% dental
caries, inadequate calcium

14.2% fluorosis, 31.4% caries

Endemic area adequate Ca
intakes 59% dental fluorosis,
9.8% caries, inadequate
calcium group almost 100%
fluorosis, 74% caries.

Signif diff between non-

endemic and endemic groups

and between children with
adequate and inadequate Ca
(p<0.0001)

22% 10yo control low water F

with caries, 32.5% high F,
20.8% Ca treated low F, 34%
Ca treated high F.

33% 15yo control low water F

with caries, 72% high F,
22.6% Ca treated low F,
39.5% Ca treated high F.

*

Pivotal
study.
Large
sample size

IV and Il

Bian JY, Li RY, Wang WJ.
Feasibility of milk fluoridation
and trends in dental caries of
children in China. Adv Dent Res.
1995; 9:112-5.

Ecological study drinking water
F 0.2-0.3ppm of feasibility for
milk F.

N=514, 3-6 yo in Haidian
District, Beijing.

No conclusion in relation to
water F.
79.7% of all children
identified with caries and
dmft=4.35.
71.3% 3yo caries dmft=2.9,
4yo 81.4% caries dmft=4.2,
5yo 80.6% caries dmft=4.97,
6y0 92.9% caries dmft=6.36.

Weak study
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Carstens IL et al. Dental status | Ecological study of dental caries | N=120 children from the town No conclusion in relation to Weak study | IV
of rural school children in a sub- | and fluorosis in school children | school Fraserburg, Western water F.
optimal fluoride area. J Dent from a town with water F=0.68- | Cape, South Africa. N=39 6yo, Caries in 69.23% 6yo,
assoc Sth Afr 1995; 50:405-11. | 0.78ppm from reservoir n=51 12 yo, n=30 15 yo. 58.82% 12yo, 46.6% 15yo0.
supplied by bore holes. For 6yo dmft= 3.31+3.39.
DMFT=1.45+1.81 for 12yo
and 1.00+1.60 for 15yo. No
gender differences.
Clark DC et al. Effects of Cross-sectional study of F N=1131, 6-14yo in Kelowna and | Positive decrease caries for Strong v
lifelong consumption of exposure (Kelowna water Vernon, British Columbia, children >10y with lifetime study.
fluoridated water or use of F=1.2ppm, Vernon F <0.1ppm, | Canada. N=110 children in exposure water F 1.2ppm and Low caries
fluoride supplements on dental | ang F supplements) and caries | Kelowna with lifelong exposure | children >4y F suppl, SES effect | population,
caries prevalence. Comm Dent using modified DMFT surface to F water only, n=93 from regardless of F exposure small
Oral Epidemiol 1995; 23:20-4. index (D1D2MFS) which scored | Vernon with no F suppl - F=1.2ppm D:D-MFS =1.65, number life-
incipient and cavitated lesions exposure. N=122 with F suppl no-F =2.53 , F suppl <4y = long
separately in school children. for >4y, n=65 lifelong exposure 2.78, and F suppl >4y =1.86 | egidents

to water F and history F suppl.
93% of all children used F
dentrifice by 2 y in both cities.

35% reduction DMFS due to
water F (n.s), 10% increase
DMFS for F suppl for <4y
(n.s), 26% reduction DMFS F
suppl for >4y (n.s).

Signif diff for F water and
suppl for <4y and suppl for
>4y and <4y.

Most caries reduction was in
incipient lesions.

Mean caries prevalence
showed signif lower incipient
caries prevalence regardless of
pre-eruptive F exposure for
children with parents with
higher educational attainment.
Multiple regression analysis
showed child% age and
parents educational status
were signif predictors of
caries prevalence.

Children <10y n.s. 15%
reduction in caries, children
>10y signif 44% decrease in
caries for lifetime F water and
46% decrease for >4y F suppl.
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du Pleissis JB et al. Water
fluoridation in South Africa: will
it be effective? J Dent Assoc
South Africa 1995; 50:545-9.

Cross-sectional study of caries
and fluorosis in black and white
children at 6 sites with varying
water F concentrations in 1989
and 1992.

N=10,712, 6yo, 12yo and 15yo
from Cape Town. Port Elizabeth,
Durban F=0.05ppm, Pretoria-
Witwatersrand-Vereeniging
F=0.32ppm, Bloemfontein
F=0.35ppm, OFS Goldfields
F=0.2-0.95ppm (mean 0.54ppm
fluctuations due to rainfall).
Deans index used for fluorosis.

Positive lower caries white
children than black possibly due
to other F exposures than water.
F positive effect for back children
trend in white children with
blgger effect at 12y than 6y.

6 yo children site 1 (F=0.05)

white DMFT=2.72, black 4.49;

site 2 (F=0.05) white DMFT=

2.90, black 3.28;

site 3 (F=0.05) white DMFT=

2.13, black 4.10;

site 4 (F=0.32) white DMFT=

2.61, black 2.21;

site 5(F=0.35) white DMFT=

2.19, black 2.18;

site 6 (F=0.54) white DMFT=

2.42, black 1.93.

In 12 yo children site 1 white

DMFT=2.45, black 1.80;

site 2 white DMFT= 1.64,

black 2.29;

site 3 white DMFT= 1.73,

black 2.61;

site 4 white DMFT= 1.64,

black 1.64;

site 5 white DMFT=1.68,

black 0.80,

site 6 white DMFT=1.42,

black 0.34.

F more effect on caries in

black children 52% decrease

dmft at 6y and 85% decrease

DMFT at 12y compared to 7%

and 27% in white children.

Weak study.

No formal
statistical
analysis
though
large
sample size

Ellwood RP, O™Mullane DM.
The association between area
deprivation and dental caries in
groups with and without fluoride
in their drinking water. Comm
Dent Health 1995; 12:18-22.

Cross-sectional comparative
study of caries in two study
populations of year 3 secondary
school children in areas of with
F water and non-F and material
deprivation.

N=463, age 14.1+0.3y lifetime
residents of Chester, England
and Bala, North Wales water
F<0.1mg/L (n=267), Anglesey,
North Wales F=0.7mg/L
(n=196). Groups scored for
derive material deprivation.

Positive decrease in caries with
water F=0.7ppm and SES effect
on caries
Signif decrease DMFS from
4.18+4.56 for non-F area to
3.18+3.92 for water F. 33%
decrease from DMFS=4.3 to

Moderate
study
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Used fibre optic trans-
illumination to measure DMFS.

2.9 after controlling for
material deprivation.

25% decrease mean DMFT
from 2.4 to 1.8.

F area had a signif higher
mean deprivation score.
Signif association for material
deprivation and caries for
both F and non-F areas.

No evidence effect of water F on
absolute caries reductions varied
for different strata of material
deprivation.

Jackson RD et al. Dental
fluorosis and caries prevalence
in children residing in

communities with different levels
of fluoride in the water. J Public

Health Dent 1995; 55:79-84.

Cross-sectional study of
fluorosis and caries in children
in Connersville with naturally
occuring negligible water F,
Brownburg with optimal F and
Lowell with four times optimal
F.

N=344 children 7-14y who were
lifetime residents of 3 Indiana
US communities- 0.2ppm,
1.0ppm and 4.0ppm fluoride.

Positive trend for dose effect

rela
14y

tionship especially for 11-
o

Mean DMFT=3.68 for 0.2ppm
F and DMFS=5.54.

1.0ppm community had 9.2%
lower DMFT and 21.2% lower
DMFS scores than 0.2ppm
community (ns).

4ppm had 19.8% lower DMFT
and 23.1% lower DMFS than
0.2ppm (p<0.5)

For 7-10yo 1ppm F had 1%
lower DMFT and 15.5% lower
DMFS than 0.2ppm and the
4ppm 1.7% lower DMFT and
9.9% lower DMFS (ns).

For 11-14yo 1ppm F had
18.6% lower DMFT and
28.8% lower DMFS than
0.2ppm and the 4ppm 37.8%
lower DMFT and 38.5% lower
DMEFS. Signif for DMFS.

Moderate
study
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Provart SJ, Carmichael CL. Cross-sectional study of caries, | N=6,052 5yo from Durham Positive decrease in caries with * v
The relationship between caries, F exposure and levels of (water F to quarter population). water F and SES effect. Pivotal
fluoridation and material deprivation in English county of | Townsend Index for deprivation Mean dmft=0.8 for F low study
deprivation in five-year-old Durham for different wards according to deprivation gp, 1.2 non-F low
children in County Durham. high or low deprivation, 49 deprivation gp, 1.2 F high
Comm Dental Health 1995; wards optimal water F since deprivation gp, 2.1 non-F
12:200-203. 1969, 128 low F 0.1-0.4mg/|. high deprivation gp.
N=1,217 non-F high Prevalence caries with water-
deprivation, n=820 non-F low F 15% less (p<0.01) in high
deprivation, n=389 F high deprivation group and 4%
deprivation, n=325 F low less low deprivation (ns).
deprivation wards. Stat signif differences
between high and low
deprivation gps in F wards.
Selwitz RH et al. Prevalence of | Follow up cross-sectional N=369 8-10y and n=188 14-16y | Negative for water F dose effect Moderate v
dental caries and dental survey in 1990 of two similar continuous residents. N=258, 8- | on caries, no caries benefit for study
fluorosis in areas with optimal school-based examinations of 10yo and 14-16yo from water F >1ppm Different

and above optimal water fluoride
concentrations: a 10-year follow-
up survey. J Public Health Dent
Dent 1995; 55:85-93.

caries and fluorosis (1980,
1985) in areas with different F
exposure in lllinois

Kewanee water F ~1ppm, n=106
from Monmouth water F~2ppm,
n=117 Abingdon and Elmwood
water F~2.8ppm and n=77
Bushnell, Ipava, Table Grove
water F~3.8ppm. Measured
DMFS and TSIF and MPFS.

No signif diff in DMFS in 1990
for optimal water F, 2x
optimal, 3 x optimal and 4x
optimal.

No change in DMFS for
children in above-optimal
water F areas from 1980-
1990.

In optimal F area DMFS not
signif diff 1980 (2.9) and
1985 (2.8) but signif lower in
1990 (1.9, p<0.002).

examiner in
1990
survey
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Slade GD, et al. Associations
between exposure to fluoridated
drinking water and dental caries
experience among children in
two Australian states. J Public
Health Dent 1995; 55:218-28.

Cross-sectional study
comparing % lifetime exposure
to 1ppm F for population in
mainly fluoridated Australian
state (South Aust) to state with
small number cities and towns
with F water (Queensland).
Multivariate analysis of fluoride-
dmfs and DMFS associations
controlling for age and other
confounders.

N=19,885 5-15yo0 from South
Australia (n=6,690) and
Queensland (n=10,195) using
gquestionnaire to obtain
residential history, fluoride
exposure, socio-economic
indicators.

Positive water F exposure and
decrease caries greater effect in
primary teeth and in
Queensland.

. Greater exposure water F
associated lower dmfs and
DMFS in both states (p<0.01)
dmfs where 0% exposure to
1ppm F: 4.1 SA, 4.04 Qld,
100% exposure 1.70 and
2.34 respectively.

DMFS 0% exposure 1.18 and
1.96, 100% exposure 1.05
and 1.06 respectively.

Signif effect % lifetime
exposure dmfs and DMFS for
Qld.

Effect DMFS only signif SA
after multivariate modelling.

*

Pivotal
study
Higher
diffusion
effect in
mostly
water F
state
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Thomas FD et al. Fluoridation Cross section study of caries in | N=725 5yo with 498 continuous | Positive for water F and caries. Weak study | IV
in Anglesey 1993: a clinical 5y following termination water F | residents in Anglesey water F Mean dmft=2.01 for those
study of dental caries in 5-year- | jn Anglesey, Wales. till 1987 when plant examined in 1993.
old children who had malfunctioning and water F For those living 35% of lives
experien_ced sub-optimal intermittent, then ceased in water F area dmft=1.81.
f'uor'F’a“?”- Br Dent J August 1991. For those living in water F
1995/178:55-9. area 10% lives dmft=2.28.
In 1987/88 mean dmft=0.80
and 2.26 for non-F Gwynedd
Cortes DF et al. Drinking water | Cross-sectional comparison of N=457, 6-12yo lifetime Positive effect to water F Moderate v
fluoride levels, dental fluorosis, dental health benefit of residents from low socio- 0.7ppm more caries in those study

caries experience in Brazil. J
Public Health dent 1996;
56:226-8.

fluoridation in students from
three areas of Brazil with water
F 2-3ppm, 0.7ppm, <0.1ppm

economic status. TF index,
DMFT (in 6 teeth) and dmft
used. Access to F toothpaste
and dental treatment not
considered

with higher fluorosis and 2-

3ppm F

. Mean dmft=2.1, 1.5 and 1.3
with increasing water F
(p<0.01).
Caries in permanent teeth
lower in 0.7ppm F area,
DMFT=1.1, 0.5 and 1.0
(p<0.01).
TF scores 1-2 less dental
caries TF=0 (ns). In high
water F signif more caries in
those with high TF>3 scores
(p<0.05).
DMFT correlated with
fluorosis level. High F intake
leads to severe enamel
hypomineralisation and
increased caries risk.
Water F above 0.7ppm no
added benefit.

Chapter 5

23



du Plessis JB et al. A Cross-sectional study of caries N=1,688 6, 12 and 15yo0 No conclusion short time water Weak study | IV
comparison of the effects of in children in a recently F and randomly selected from schools | F exposure positive trend for .
different concentrations of non-F community in South in high, middle and low socio- permanent dentition Variable F
fluoride in the drinking water in | Africa. economic areas in Port . For 6yo dmft=4.15 in F area éXposure in
different parts of Port Elizabeth Elizabeth (average F=0.62ppm and dmft=3.54 in non-F, stat F area.
and Despatch: a first report. J for 16 months) n=829 and signif 17.2% increase in F
Dent Assoc South Afr 1996; 651- Orange River (F<0.1ppm) area mainly due to missing
o5, n=859. teeth.

For 12yo DMFT=1.3 for F area

and DMFT=1.5 for non-F

(14% decrease ns).

For 15 yo DMFT=2.70 for F

area and DMFT=2.92 for non-

F (7.8% decrease, ns).

No consistent pattern

according to SES.
Ellwood RP, OMullane D. The | Cross sectional comparison of N=267 14yo children lifetime Positive for caries decrease for Moderate v
association between dental enamel defects and residents from F<0.1ppm and water F=0.7ppm higher caries study

developmental enamel defects
and caries in populations with
and without fluoride in their
drinking water. J Public Health
Dent 1996; 56:76-80.

caries in children from areas
with water F <0.1ppm (Chester-
England, Bala- North Wales)
and F=0.7ppm (Anglesey- North
Wales).

n=196 from F=0.7ppm. TF
Index, demarcated opacities and
DMFS used. One examiner for
caries, photographs used to
record and score enamel
opacities using TF index and
demarcated opacities.

with demarcated opacities

- Mean DMFS=4.2 in F<0.1ppm
and 22.8% caries free, in
F=0.7ppm DMFS=3.2 and
33.7% caries free (p=0.01).
Less dental caries all index
teeth, canine and premolar
index teeth in those with
fluorosis (TF>1) for <0.01ppm
F group (p=0.02, p=0.002),
n.s for 0.7ppm F group.
Signif higher DMFS in
children with >1 demarcated
opacities (DMFS=5.8 for
0.1ppmF and 5.1 for
0.7ppmF) present compared
to those with none (DMFS=3.9
and 2.9) for both fluoride
exposures (p=0.02).
Developmental enamel defects
maybe a marker of caries
susceptibility.
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Evans DJ et al. The effect of
fluoridation and social class on
caries experience in 5 year old
Newcastle children in 1994
compared with results over the
previous 18 year. Comm Dent
Health 1996; 13:5-10.

Cross-sectional study of caries
in population 1976, 1981, 1987
and 1994 F exposure and social
status.

N=662, age 5y, Newcastle and
Northumberland, water
F=1.0mg/L and F<0.1mg/L.
Individual F exposure not
considered. Categorised into 5
social class groups by parental
occupation with class 4 & 5 as
the most disadvantaged.

Positive for water F=1ppm in

each SEC with least benefit in

middle SEC

- For F=1mg/L dmft =1.2 and
dmfs=2.52, for F<0.1mg/L
dmft=2.29, dmfs=5.49 ie 48%
decrease in dmft and 54%
decrease in dmfs.
Social class 1 & 2 dmft=0.59
F=1.0, 1.46 F<0.1 (60%
decrease); Class 3 dmft=1.21
F=1.0, 2.04 F<0.01 (41%
decrease); class 4 & 5
dmft=1.17 F=1.0, 2.74 F<0.01
(57% decrease).
Social class diff 1987-1994
indicated reduction dental
health inequality due to
dental health improvement
children class 4 & 5 since
1987.

Moderate
study. Small
samle size

11-3

Hawew RM et al. Dental caries
in children from two Libyan
cities with different levels of
fluoride in their water. Comm
Dent Health 1996; 13:175-7.

Cross-sectional feasibility study
of caries in children from Libyan
cities with 0.8mg/| F (Benghazi)
and 1.8mg/I (Jardinah).

N=833 6yo, n=704 12yo.
Random sample of children
lifetime residents from state and
private schools in B and state
schools in J.

Positive for 1.8ppm water F

compared to 0.8ppm and SEC

effect
Signif diff for mean dmft=3.12
6yo private schools and 2.32
for state in B (p<0.001).
Mean dmft=1.07 for J signif
lower than B (p<0.001) with
61% with no caries
experience compared with
38% B state, 33% B private.
For 12yo mean DMFT=1.17 B
state, 1.12 B private and 0.87
J.

Weak study
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Loh T. Thirty-eight years of
water fluoridation- the Singapore
scenario. Comm Dent Health
1996; 13(suppl 2):47-50.

Cross-sectional study and time
series data prior to and after
water F and comparison with
control population.

N=2,200 7-9y from Singapore
(F=0.7ppm) Chinese and Malay
children and controls from
Malacca (no-F), Malaysia age 6,
9, 12, 18y). Pre water F 1957
and subsequent 10y to 1994

Positive for decrease caries in
with water F especially for
Chinese children in Singapore
- DMFT=1.9 for Malay children
1957 in Malacca, DMFT=2.9
for Malay in Singapore, 1965
DMFT=3.1 for Malacca
(increase 63.1%) and 1966
DMFT=2.0 for Singapore
(decrease 31%).
Chinese DMFT=3.7 for
Malacca in 1957, DMFT=4.4
for Singapore, 1965
DMFT=4.5 for Malacca
(increase 21.6%) and 1966
DMFT=2.1 for Singapore
(decrease 52.3%).
Chinese children higher
caries prevalence and greater
caries increment reduction
with F.
12yo decrease DMFT from
2.97 in1970, 2.84 in 1979,
2.47 in 1984, 1.39 in 1989,
0.98 in 1994.

Weak study.
Some
variation in
water F conc

11-3
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Mestringer W Jnr et al. Enamel Cross-sectional study of enamel | N=960, 7-12y, at least 80 Positive for decreased caries Moderate v
fluoride concentrations in F concentrations in unerupted children in each age group from | with water F 0.6-0.7ppm study.
unerupted third molars and the third molars and caries in Barretos (F=0.6-0.7ppm) and DMFT=5.98 for 12 year olds
influence of fluoridated water on | chijidren in cities with different | Ribeirao Preto (F=0.1-0.2ppm), in Ribeirao and 2.8 in
caries scores. Caries Res 1996, | \yater F. Brazil in 1993. Both cities Barretos. 53% decrease
30:83-7. similar socio-economically DMFT with F.
O™Mullane D et al. The results Cross-sectional study of dental N=53,918 5-15yo0 attending day | Positive improvement in dental | Moderate v
of water fluoridation in Ireland. J | health (caries and teeth present) | schools 1961-63 pre water health in fluoridated areas with Study. F
Public Health Dent 1996; in children 5-15 years and fluoridation, n=2919 lifetime lower dmft and DMFT in toothpaste
56:259-64. adults in Ireland in fluoridated | residents from regional health children and higher numbers of | ayajlable
and non-fluoridated areas, pre boards in 1984 from F school natural teeth in adults. 1970.
and post fluoridation. and n=3051 from non-F 15% Syo in Ireland in 1961- DMFT index
andn=670 from Western Health 63 pre-F caries free with not reliable
Board F area in 1992 and dmft=5.6, in 1984 52% measure
n=275 in non-F, n=7089 in lifetime residents in F areas dental
fluoridated Eastern Health caries free with dmft=1.8 and | c4ries in
Board in 1993, n=873 from 38% in non-F with dmft=3.0. adults as
North Eastern Health Board in 6% 12yo caries free pre-F assigns
1995 in F area and n=970 in with DMFT=4.7, 23% in F cause to
non-F area areas in 1984 with DMFT=2.6 missing
and 15% in non-F with teeth
DMFT=3.3. suggests >
In Western Health Board 5yo 20 natural
dmft=5.0pre-F, in 1984 1.5 in teeth and

F area, 2.2 in non-F, in 1992
1.0 in F area and 2.1 non-F.
For 12yo DMFT=4.2 pre-F, 2.3
in F area 1984 and 3.0 in non-
F and DMFT=1.6 for F area
and 2.2 for non-F in 1992.

In Eastern Health Board 5yo
dmft=5.6 pre-F, in 1984 1.3
in Fand 2.9 in non-F and 0.9
1993 in F area. For
12yo DMFT=5.2 pre-F 2.2 in

F area 1984 and 3.4 non-F, in
1993 1.4 in F area.

In North-Eastern Health
Board 5yo dmft=5.0 pre-F,
1.0in 1984 for F area, 2.1
non F and in 1995 1.2 F area
and 1.8 for non-F. For 12yo

root surface
caries.
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DMFT=4.3 pre-F in 1984 2.3
in F area and 2.8 non-F and
1995 1.3 for F area and 1.6
for non-F.

For adults in 1989-90 16-24y
DMFT=7.2 F area and 7.6 for
non-F, 25-34y 14.7 F and
16.9 non-F, 35-44y 189 F
and 19.0 non-F, 45-54y 23.2
F and 24.9 non-F, 55-64y
25.0 F and 27.2 non-F, 65+y
26.5 F and 27.9 non-F.

For adults % edentuous 16-
24y 0% F area and 0% for
non-F, 25-34y 0% F and
3.3% non-F, 35-44y 2.4% F
and 6.1% non-F, 45-54y 10.8
F and 29.5 non-F, 55-64y
33.8% F and 47.1% non-F,
65+y 42.3% F and 54.2%
non-F

Number teeth present, % with
>20 teeth higher in adults in
F areas and % root surface
caries higher in adults in
non-F areas

Seow WK et al. Dental health
of aboriginal pre-school children
in Brisbane, Australia. Comm
Dent Oral Epidemiol 1996;
24:187-90.

Cross-sectional study of enamel
hypoplasia and opacities, and
caries in aboriginal children in a
non-fluoridated Brisbane.

N=184 aboriginal children 3.5-
5.9y (mean4.4y) examined for
caries. N=68 examined for DDE

High rate caries for aboriginal
children in non-F area
especially boys.

- Enamel defects present in
98%, 1.1+0.8 teeth with
opacities and 3.8+1.7 with
hypoplasia
Dental caries in 78%
children, 72% of girls and
84% of boys (p<0.05).
dmft 3.8+3.7 mean number
decayed teeth higher for
males (p<0.05).
dfs=5.9+7.3 mean number
decayed surfaces higher for
males (p<0.05).

Moderate
study
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Slade GD et al. Influence of Cross-sectional study of N=19,885, age 5-15y in South Positive decrease in caries with * \V
exposure to fluoridated water on | socioeconomic variation, Australia (mainly fluoridated) water F especially low income Pivotal
socioeconomic inequalities in fluoridation and DMFS and Queensland (mainly non-F) | levels study
children caries experience. 6yo dmf = 5.36 no F and low
Comm Dent Oral Epidemiol family income level, 1-99%
1996a; 24:89-100. water F: 3.44dmfs, 100% F:

1.44.

Moderate income no F:

3.57dmfs, 1-99% 2.59dmfs,

100% 2.54dmfs.

High income no F: 2.32dmfs,

1-99% F: 1.63, 100% F:

1.33dmfs.

Additive interaction F

exposure and income for Qld

dmfs.

Smaller additive interaction

SA, and for DMFS.
Slade GD et al. Caries Cross-sectional study N=4,588 children 5-12yo, life- Positive water F effect on caries * v
experience among children in comparison of Queensland time residents in Townsville deciduous and permanent Pivotal
fluoridated Townsville and population with continuous (n=1,649) water F since teeth. study

unfluoridated Brisbane. Aust N Z
J Public Health 1996b; 20:623-9

lifetime F exposure in
fluoridated in non-fluoridated
cities.

1965and Brisbane (n=2,939)
non-F examined 1991-92.
Measured dmfs, DMFS and
used a questionnaire. Average
age started brushing with
toothpaste and the percentage
using F toothpaste similar
though frequency slightly higher
in Brisbane and F suppl.

5 yo F area dmfs=1.35, non-F
dmfs=2.98, for 6yo F area
dmfs=2.23, non-F dmfs=3.98.
32-55% diff in dmfs for ages
5-10y.

Prevalence caries deciduous
teeth 38-53% F area and 42-
59% non-F.

For 11y F area DMFS=0.65,
non-F DMFS=1.45, 12y F
DMFS=0.94, non-F
DMFS=1.80. 48-55% diff
Caries rates lower for
deciduous (32-55%) and
permanent dentition (20-65%)
in F area children (p<0.01).
Lower rates persisted in
multivariate analysis
controlling for oral hygiene
practices, exposure F
supplements and household
income (p<0.01).
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Vigild M et al. Dental caries Cross-sectional comparative N=3,500 4, 6,12, 15yo from Positive for water F, increased Weak AV
and dental fluorosis among 4-, study of prevalence of caries kindergartens and public decay with discontinuation
6-, 12- and 15- year old children | and fluorosis in children in schools in Kuwait selected by water F.
in kindergartens and public Kuwait stratified cluster sampling. Mean dmft=4.6 at 4y with
schools in Kuwait. Comm Dent Water F from 1974-1980. 19% caries free, 6.2 at 6y
Health 1996; 13:47-50. Current water F 0.2-0.3ppm. with 9% caries free.
deft=decayed, extracted, filled Mean DMFT= 0.2 for 6yo with
deciduous teeth. 86% caries free, DMFT=2.6
for 12yo 21% caries free and
DMFT=3.6 for 15y0 14%
caries free.
Prevalence caries increased in
1982 37% 12yo and 29%
15yo caries free, in 1993 21%
and 14%. Deciduous teeth
21% 6yo caries free 1982 and
9% 1993. DMFT =2.0 12yo
and 2.7 15yo0 in 1982 and 2.6
and 3.6 1993.
Villa EA, Guerrero S. Caries Cross sectional comparative N=232 8yo from 2 low socio- Positive association with SES Moderate v
experience and fluorosis study of children from schools economic status (SES) schools possibly related other F study

prevalence in Chilean children
from different socio-economic
status. Comm Dent Oral
Epidemiol 1996; 24:225-7

in low and high socio-economic
class in areas both with water
F=0.91ppm (range 0.73-1.38)

(n=155) and 1 high SES school
(n=87). Used Dean’ Index.

exposures

Lower SES children had signif
higher caries prevalence 0.57
vs 0.25, OR=3.80 (CI 1.73-
8.44).

Lower SES children had
higher mean dmft (2.3 vs
0.83) and DMFT (0.35 vs
0.15) than higher SES
(p<0.001).

Pattern of tooth brushing or
breast feeding similar.
Possibly related to prolonged
use of formula in lower SES
and higher tea and tap water
consumption.
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Heller KE, et al. Dental caries Cross-sectional study using N=40,693 children 4-22y (85% Positive dose effect to F= * \V
and dental fluorosis at varying 1986-87 National Survey of oral | sampled students). Permanent | 0.7ppm )
water fluoride concentrations. J | Health of US schoolchildren of | residents n=18,755 5-17year © Mean dfs=3.87+0.17 for all F | Pivotal
Pub Health Dent 1997; 57:136- | fluoride exposure, caries and olds in caries analysis, exposures Study large
43. dental fluorosis n=15,532 7-17 year olds in dfs=4.49+0.28 for F<0.3ppm, sample
fluorosis analysis. Water F at 4.18+0.27 F=0.3-<0.7ppm,
school F supplements and other 3.35+0.23 F=0.7-1.2ppm,
exposures. Assumption water F 3.42+0.39 >1.2ppm.
school same as residence. Mean DMFS=2.75+0.09 for all
Visual and tactile assessment of F exposures.
caries and Deans Fluorosis DMFS= 3.08+0.15 F<0.3ppm,
index used in children in grade 2.71+0.12 F=0.3-<0.7ppm,
2 or higher. 2.53+0.11 0.7-1.2ppm,
2.80+0.39 F>1.2ppm.
Fluorosis prevalence 21.7%,
29.9%, 41.4% for water F
exposures.
Little decline caries and
considerable dental fluorosis
for water F between 0.7 and
1.2ppm.
Jones C et al. Jarman Ecological study of dental Used results from NHS dental Positive for water F with biggest | Moderate v
underprivileged area scores, caries, Jarman underprivileged | surveys of random sample of 5 | effect in socially deprived study

tooth decay and the effect of
water fluoridation. Comm Dental
Health 1997a; 14:156-60.

scores at regional, district and
electoral ward level for
relationship with water F.

yo in 1991/92 (n=156) and
1993/94 (n=242) and 12 year
olds in 1992/93 (n=219),
Jarman scores from 1991
census, non-F (Stalford,
Trafford, Liverpool) and
F=1mg/L (Newcastle, North
Tyneside) electoral wards.

Multiple linear regression at
electoral ward level showed
signif interaction between
Jarman scores and water F
for both ages.

F electoral wards 44%
reduction caries 5year olds,
43% 12 year olds.

In deprived wards (Jarmen
=40) caries reduction 54% 5
year olds, 56% 12 year olds
with water F.
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Jones CM et al. Water Ecological study of artificial and | N=10,004 5yo in electoral wards | Positive water F effect with * v
fluoridation, tooth decay in 5 natural water fluoridation on in 3 areas, naturally fluoridated | greater benefit in more )
year olds and social deprivation | dental decay after controlling for | (1.2ppm), fluoridated (1ppm) deprived areas Pivotal
measured by the Jarman Score: | gocioeconomic deprivation using | and non-fluoridated areas in - Tooth decay scores 2.36 for study large
analysis of data from British Jarman underprivileged area Britain. Used results NHS non-F, 1.34 for 1ppm and sample size
i)glr;_)tiléliurveys. BMJ 1997b; scores (O=national mean, dental epidemiological surveys 0.73 for 1.2ppm. though
' ' 40=very deprived). of 5yo children in 1991-92 (F Significant interaction small
area) and 1993-94 (non-F area). between Jarman score, mean | numbers
In 1993/94 45% 5yo had dental number teeth affected by subjects in
decay. decay and water F. some
More deprived areas greater wards.
benefits of water F (R2=0.84, Ethnic
P<0.001). Jarman score O: distribution
44% reduction 1ppm F areas, | not
66% reduction 1.2ppm F, considered
Jarman score 40: 54%
reduction 1ppm F, 74%
1.2ppm F.
Kunzel W, Fischer T. Rise and Time series of caries in children | N=260,000 children 6-15y in Inconclusive -decrease in caries | Weak study | IV
fall of caries prevalence in from two German towns with Chemnitz where water F despite cessation water F in variation in
German towns with different F different water F. 1.0ppm from 1959-90 Chemnitz. F exposures
concentrations in drinking water. interrupted for 22 months in In 1959, 12 yo DMFT= 3.7 in and F from
Caries Res1997; 31:166-73. 1971 (F=0.18ppm) and Plauen Chemnitz and 3.5 in Plauen, other
where 55% population water in 1971 DMFT=2.0 and 4.8, sources

F=0.9ppm since 1959 and 20%
mixed F water (0.4-0.7ppm) and
ceased F 1984. In 1992 F-rich
domestic salt offered and F-
toothpaste quota increased from
15% to 88%.

in 1975 DMFT=2.2 and 4.4,
in 1979 DMFT=2.9 and 3.7,
in 1983 DMFT=2.9 and 3.5,
in 1987 DMFT=2.6 and 2.4,
in 1991 DMFT=2.5 and 2.5,
in 1995 DMFT= 1.9 and 2.0.
Changing caries prevalence
across 36 years likely due to
water F, sugar consumption,
availability F toothpaste.

Chapter 5

32



Lo GL, Bagramian RA. Cross-sectional study of N~5000 children 6-18yo Water Inconclusive caries decrease Weak study | IV
Declining prevalence of dental children from 1970- 1994 from | F 1958 at 0.7ppm. with recent | with time irrespective of
caries in school children in National Health Survey and adjustment to 0.6ppm. 0.1ppm decrease in water F
Singapore. Oral Dis 1997; 3:121- | caries in fluoridated Singapore. - 30% children caries free
S. 1970, 58.7% 1994.
Caries prevalence decreased
in primary and permanent
dentitions.
DMFT 6-18yo 2.98 1970,
2.61 1979, 1.97 1984, 1.61
1989, 1.05 1994.
Teo C et al. Prior fluoridation in | Cross sectional study of F N=96 patients age range 1->60y | Positive F effect on caries and Weak study | IV
childhood affects dental caries exposure in first 12 years of life | with tooth wear and records trend for protection from wear. small

and tooth wear in a South East
Queensland population. Aust
Dent J 1997; 42:92-102.

in water F group, F suppl group
and non-F group on caries and
tooth wear

prior F exposure and caries
experience in South East
Queensland. Water F group
(n=25) mean age 28y, F suppl
group (n=24) mean age 25y,
non-F (n=47), mean age 39y.
Tooth wear defined as loss tooth
tissue which may involve
erosion, but is frequently
associated with abrasion and
attrition.

Significant higher caries in
non-F group than water F or
F suppl.

No signif difference between
water F and F suppl group.
Tooth wear affected more
sextants of the dentitions of
non-F, high caries subjects
than fluoridated low caries
subjects except for

mandibular occlusal surfaces.

sample size.
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Weerheijm KL et al. The effect | Cross-sectional study of hidden | N=515 15yo in 1968/69 in Positive trend for F effect on Weak study | IV
of fluoridation on the occurrence | caries and water F exposure in socially and economically reducing proportion of surfaces
of hidden caries in clinically 1.1ppm Tiel and 0.1ppm comparable cities before F with hidden caries among
sound occlusion surfaces. Caries Culemborg using 1968/69 toothpaste available. Hidden clinically sound surfaces
Res 1997; 31:30-34. Dutch longitudinal study (pre F | caries described as carious - Fareamean 2.54 occlusional
toothpaste exposure) and lesion seen in dentine on a bite- surfaces clinically judged
clinical and radiographic wing radiograph where clinically sound in 1st and 2nd molars,
criteria. occlusal enamel appears sound bite-wing radiographs
or minimally demineralised detected 0.43 surfaces
(16.9%) with
radiotranslucency into
dentine.
Non F area mean 0.65
clinically sound surfaces,
0.16 (24.6%) radio-
translucency on bite-wing
radiograph.
31% reduction (Cl —8 to 53%)
surfaces with hidden caries
among clinically sound
surfaces in F area
Brett LHR. Fluoridation and | Cross-sectional data from N= 14,289 12 and 13yo from Negligible positive fluoride Weak study v
child dental health in New | dental health statistics of caries | Northland (n=113 in F area and | effect on caries did not
Zealand- an update. Fluoride | in fluoridated and non- n=2,106 in non-F) and Central In 1995 in Northland F area include
1998; 31: 219-220. fluoridated areas in New Region (n=6,469 in F area and DMFT=1.04 and 46.02% other F
Zealand. n=5,601 non-F) New Zealand. children caries free in non-F sources

Central region more affluent
that Northland.

areas including low income
areas and rural areas
DMFT=1.60 and 46.58%
children caries free

In Central region in F area
DMFT=1.24 and 49.73%
children caries free and in
non-F DMFT=1.39 with
49.83% caries free.
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El-Nadeef MAI, Honkala E. Cross-sectional study of N=203, 12-15 year olds Positive trend for increased Weak study v
Fluorosis in relation to fluoride prevalence of dental fluorosis in | permanent residents 2 schools | caries in those with severe did not
levels in water in central Nigeria. | relation to water F levels in Plateau (Kanadap F=0.1-0.3mg/ | fluorosis consider
Comm Dent Oral Epidemiol Nigerian children from 2 states. | L) and Bauchi (Tildan Fulani F Prevalence fluorosis (>2+) other F
1998; 26:26-30. Intra-examiner reliability 80% <0.1-0.4mg/L). Fluorosis 58% Tildan Fulani, 43% sources
determined using Deans Kanadap (c2 p=0.02).
classification. Water F from 16 30% and 11% no fluorosis,
wells on one occasion in May. mean DMFT 0.1 and 0.3 (n.s).
Lowest DMFT in very mild
fluorosis group and highest in
mild to severe fluorosis group
(p=0.049).
Selwitz RH et al. Dental caries | Cross sectional study of N=495 children, n=318 8-10yo | Positive decrease caries with * \Y
and dental fluorosis amongst different water F exposure and | and n=177 13-16yo lifelong water F 1ppm Pivotal
schoolchildren who were lifelong | caries and fluorosis in rural residents of Broken Bow and - 1ppm F area significantly study
residents of communities having | midwestern towns in Illinois Holdrege, Nebraska low water F lower DMFS (1.8) after
either low or optimal levels of and Nebraska, US in 1990. (<0.3ppm ) and Kewanee, adjusted for age, sealant Two low F
fluor_ide in drinking water. J Hlinois optimal F (Lppm). presence, F suppl and topical communitie
Public Health Dent 1998; 58:28- Fluoride history obtained. F compared to Holdrege (2.9) s different
35. Measures DMSF and TSIF or Broken Bow (3.6). in respect
No signif diff mean adjusted to oral
DMFS between Broken Bow health-
and Holdrege. related
Percent caries free 51.9%, factors
39.8% and 25.2% (including
respectively. sealant
Signif diff in DMFS for presence)
buccolingual surfaces for apart from
1ppm and both low F towns water F
(p=0.002, p<0.001) and exposure.
occlusal surfaces DMFS for
1ppm and Broken Bow
(p<0.001), no diff for
approximal surfaces.

dmfs= decayed, missing or filled surfaces in deciduous teeth, dmft= decayed, missing or filled deciduous teeth, DMFS= decayed, missing or filled surfaces (each tooth
has 5 surfaces) in permanent teeth, DMFT= decayed, missing or filled permanent teeth, HPC= highly progressed carious teeth, FS= free smooth surfaces, MD=
approximal surfaces. Jarman underprivileged scores O=national mean, 40=very deprived
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Caries and other fluoride exposures

There were 15 studies of dental caries and other fluoride exposures (see Table
Caries studies- other fluoride exposures) of which 9 were randomised double blind
control studies (Marks et al 1992; DePaola et al, 1993; Holt et al 1994; Stephan et
al, 1994; Sjogren et al, 1995; Sonju Classen 1995; Glass & Naylor 1997,
Heidmann & Poulsen, 1997; Leverett 1997).

Toothpastes
No randomised controlled fluoride toothpaste studies used negative controls. The
studies of fluoride toothpastes were undertaken over 22months to 3 years and
demonstrated variable responses on caries for different strengths and types of
fluoride toothpastes ranging from
a dose response effect in three caries indices from 1000ppm to 2500ppm
sodium monophosphate (SMFP) toothpastes in children over 10 years of age,
weak but not significant caries benefit of 1450ppm NaF toothpaste compared
to 250ppm NaF toothpaste in 6 year olds
no difference in caries increment in children from NaF, NaF plus silica and
SMFP toothpaste
trend for a benefit in caries reduction of SMPF 1055ppm toothpaste compared
to mixed sodium fluoride (NaF) and SMFP toothpaste 550ppm,
weak significant benefit for mixed 500ppm NaF plus 500ppm SMPF toothpaste
compared to 1000ppm SMPF toothpaste
no dose effect between 1000ppm and 1500ppm NaF or 1000ppm and
1500ppm SMFP toothpaste, decreased caries with NaF and NaF plus
trimetaphosphate toothpastes compared to SMFP toothpaste
an average 26% decrease in caries in deciduous teeth using a modified
toothpaste technique which increased fluoride contact with teeth
decrease in caries increment greater with SMFP toothpaste compared to
aluminium toothpaste

A comparative study of the use of 1000ppm toothpaste in children in China from
an area with water fluoride levels of O.1ppm demonstrated a mean net caries
increment of 3.6 dmfs in children using the toothpaste and 6.3 in the control
group (Schwarz et al, 1998). Karjalainen and co-workers (1994) demonstrated
greater caries protection from a fluoride rinsing program and supervised
toothbrushing without toothpaste than unsupervised toothbrushing using a
fluoride toothpaste.

Two meta-analysis on the efficacy of NaF and SMFP have been published
(Johnson, 1993; Proskin & Volpe, 1995). One claimed an advantage of SMFP over
NaF but was criticised over the comparability of the studies included (Johnson,
1993). The other meta-analysis which included only comparable studies claimed
that there was no statistically significant difference in the mean three year caries
increment between the use of NaF or SMFP toothpaste (Proskin & Volpe, 1995).

Most toothpaste studies show that lower strength formulations 250-500 ppm have
similar efficacy to normal strength 1000 ppm and since the bioavailability from
dentifrice is high, we could expect lower fluoride intake and lower fluorosis
incidence with use of low-strength fluoride toothpaste by children.
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Supplements

Supplement use in non-fluoridated areas is very low or may be inappropriate
(Widenheim & Birkhed, 1991; Levy & Muchow, 1992; Pendry & Morse, 1995;) and
not consistently associated with protection against caries but those who are
compliant tend to have a high rate of dental fluorosis (Kalsbeek et al, 1992;
DHoore & Van Nieuwenhuysen, 1992). This was supported by Kalsbeek and co-
workers (1992) who reported on the relationship of fluoride supplements in
children from 1.5 to 6 years of age, caries experience and fluorosis. Although a
significant relation was found between the use of fluoride supplements and the
prevalence of fluorosis an effect on caries experience could not be demonstrated
using multivariate analysis. The most important predictor for caries experience
was the mother3 motivation to engage in preventive dental behaviour. Whilst
D Hoore and Nieuwenhuysen (1992) demonstrated both a significant 50% decrease
in DMFT and an increased risk of fluorosis in regular and appropriate users of
supplements compared to non or occasional users.

Several reviews of the literature have concluded that there is very little evidence
that pre-eruptive fluoride supplementation conveys significant protection against
caries (Riordan, 1996). Recent studies of fluoride supplements have demonstrated
no benefit of prenatal fluoride supplements on children’ caries at 3 and 5 years
(Leverett et al., 1997), a small non significant decrease in caries in 7-9 year olds
who received fluoride supplements from birth and no benefit in caries prevention
for 11-14 year olds (Award et al., 1994). Clark and co-workers (1995) showed no
significant difference in caries prevalence in 6-14 year olds with lifelong exposure
to fluoridated water and history of supplement use. Widenheim and Birkhed,
(1991) demonstrated a significant decrease in caries experience in both dentition
in children exposed to fluoride supplements for 5.5 years compared to those who
did not take supplements.

The evidence since 1991 suggests that currently recommended fluoride
supplementation regimens are associated with the development of fluorosis of the
permanent dentition whilst their caries protection effect is variable.

Conclusion

Apparent caries benefit for fluoride toothpaste

Results from comparative studies demonstrate variable caries protective
effect for single or mixed fluoride source toothpastes

Pre-natal fluoride supplements did not demonstrate a caries prevention
benefit for deciduous teeth

No good clinical trials of fluoride supplement usage since 1991 and those
considered methodologically adequate suggest slight contribution to
caries protection.
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Caries Studies- Other fluoride exposures

Study Type of Study Population Positive/Negative Study Pivotal/ Rating
QOutcome Comment
Widenheim J & Birkherd D. Cohort study in non fluoridated | N=304 8-17yo receiving NaF Positive decrease in caries with | Moderate -2
Caries- preventive effect on Lund, Sweden 0.2ppm F of 0.25mg/day 0.5-1y, 5.5years supplement usage, study- lack
primary and permanent teeth approximal caries and NaF 0.5mg/day 1-7 y. Divided into 6 | trend for decreased caries with | of control
and cost-effectiveness of an NaF supplementation. groups based on years of increase in F suppl use. group, no
tablet preschgol program. Comm consumption range 5.5y Group |- At8yfs=1.9 Group A, 3.7 intake group
Dent Oral Epidemiol 1991; A, Oy Group F. Group B, 4.3 Group C, 5.3 was self
19:88-92.1991 Group D, 6.0 Group E, 5.2 | gelected,
Group F. Signif 63% high risk
reduction Group A vs Group | sypjects
F (p<0.001) received
At 17y FS=3.8, 4.2, 5.8, 6.0, | preventive
7.0, 5.9 for Group Ato F. care
Signif 36% reduction Group
A vs Group F (p<0.01)
dfsa 71% reduction Group
A vs Group F (p<0.0001)
DFSa not significantly
different
Kalsbeek H et al. Use of Cross sectional study of caries N=431 children born 1970-74 Weak positive effect for frequent| Moderate v
fluoride tablets and effect on experience at 6 and 15years in Tiel and living there at 15y F suppl use and decrease caries | study-
prevalence of dental caries and | and prevalence of dental with registered F supplement - At 6y dmfs=5.3 for no F confounder
dental fluorosis. Comm Dent fluorosis at 15 years in Tiel, use for age period1.5-6y. Water suppl use, 6.1 for irregular, | F
Oral Epidemiol 1992; 20: 241-5. | pgjjand F until 1973 then F tablets 5.0 for regular and 2.0 for | toothpaste,
provided. F suppl usage frequent. dental
classified as: no use, irregular, At 15y DMFS=7.7 for no health
regular and frequent. Mothers suppl use, 10.8 irregular, practices.

advised not to use F toothpaste
in children <4years.

9.5 regular, 4.9 frequent.
Statstically signif only for F
suppl and caries in
univariate analysis not
multivariate with
consideration of mother-
related factors eg
motivation, birthplace,
education.
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Marks RG et al. A fluoride
dose-response evaluation in an
anticaries clinical trial. J Dent
Res 1992; 71:1286-91.

Randomised double-blind
control trial of efficacy of
1000ppm, 1500ppm, 2000ppm,
2500ppm SMFP fluoride
toothpaste and dose-response
evaluation in children in an
initially non-fluoridated area
(water F<0.3ppm).

N=4424 children enrolled
grades 2-5 in Polk County,
Florida over 3y. n=1120 for
1000ppm SMFP, n=1116
1500ppm, n=1076 2000ppm,
n=1112 2500ppm. Measure
DMFT, DMFS, DFS-A (decayed
and filled approximal surfaces)
three-year caries increments.
One community initiated water
F after baseline and one after
two years of the study.

Positive dose response
relationship especially for
DMFS in >10y.

- DMFS=4.23 for 1000ppm,
4.23 1500ppm, 4.08
2000ppm, 2.77 2500ppm
(p=0.02). DMFT=2.39, 2.41,
2.33, 2.20 respectively, (ns).
Caries increment DFS-A
was 0.71, 0.69, 0.51 and
0.49 (p=0.0004).

Significant differences in
dose levels and caries
increment for children >11y.
Results adjusted age,
gender, baseline DMFS,
p=0.008 for DMFS, p=0.06
DMFT and p=0.002 DFS-A.
10% reduction from
1000ppm to 2500ppm F for
DMFT and DMFS in all
children and 30% reduction
in DFS-A increment and
greater reduction in

children >11y.

Stat signif linear relationship
for F dose and the three
indices (DMFS, DMFT, DFS-
A) for all children particularly
for >10y.

Strong study

Confounder
water F
introduced
during
study

DePaola PF et al. The relative
anticaries effectiveness of
sodium monofluorophosphate
and sodium fluoride as
contained in currently available
dentifrice formulations. Am J

Dent 1993; 6(Spec issue):S7-12.

Randomised double-blind
control study of NaF, NaF with
silica and SMFP toothpastes
twice daily and caries in
children in non-F area

N=3,063 children mean age 10y
from public and private schools
in Maine recruited. N=2,222 in
study at 3y, n=732 SMFP, n=
734 NaF, n=756 NaF with silica
toothpaste.

No differences between

toothpaste on caries in low

water F area in low caries

children

. Caries baseline DFT=0.84
SMFP, 0.72 NaF, 0.86 NaF
with silica. DFS=1.10 SMFP,
0.98 NaF, 1.18 NaF with silica.
Caries increment over 3
years DFT=1.08 SMFP, 1.07
NaF, 1.06 NaF with S. DFS
1.50, 1.48 and 1.49.

Strong study
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Toothpastes equivalent.

Awad MA, et al. Dental caries
and fluorosis in 7-9 and 11-14
year old children who received
fluoride supplements from birth.
J Can Dent Assoc 1994, 60:318-
22.

Cross-sectional study of dental
caries and fluorosis in children
receiving F water (range o-
0.95mg/1) and F supplements to
achieve total F intake of
1.2mg/L of drinking water

N=160 children lifetime
residents in low F area offered F
suppl from 1st year of life. Use F
suppl adjusted by age, dose
individualised according to
water F. TSIF for fluorosis in 4
teeth. All children regular
toothpaste users. Regular F
suppl defined as taking suppl at
least 3-4 times a week and
irregular <3 times a week.

Positive trend in 7-9 yo
regular user F suppl.
7-9 yo regular F suppl users
lower dmft (2.20 vs 3.06) and
DMFT (0.82 vs 1.04) than
irregular users (ns).
11-14yo slightly reversed
2.81 for regular and 2.40
irregular (ns).
Fluorosis in 7-9 yo 49% for
regular F suppl and 53% for
irregular (ns).
Fluorosis 11-14yo 63% in
regular and 35% in
irregulars (ns).

Weak study.
Recall bias

Holt RD et al. Enamel opacities
and dental caries in children
who used a low fluoride
toothpaste between 2 and 5
years of age. Int Dent J 1994;
44:331-41.

Randomised control double-
blind study of semi-supervised
low concentration mixed
NaF/SMFP (550ppm) and
positive control SMPF 1055ppm
on caries prevention efficacy
and prevalence of opacities in
children in trial and children
not in original study. 7 year
followup with supplementary
positive controls.

N=1,523 children age 2y in
Norwich (F<0.58ppm in water)
from 1984 till aged 5y-1991/92
n=517 test, n=490 control and
n=516 second controls from
outside trial. Used TF index and
DDE index (upper incisors) for
photographs (n=1,452
readable).

Positive trend on caries for
combined F toothpaste.
At mean age 9.9y dmft=1.69
test, 1.24 control, 1.45 non-
trial control (ns).
DMFT=0.27, 0.22, 0.23 (ns).
Equivalent caries protection
although slightly more
caries in test gp.
For fluorosis TF index 1+
15% test, 20% control, 20%
non-trial control; TF2+ 5%,
9%, 9% (p<0.05), TF3+ 2%,
3%, 2%.
Significantly more controls
had fluorosis.
Risk TF 2+ OR=1.66, standard
F toothpaste increased risk
fluorosis by over half, OR=2.42
for F suppl.
DDE index scores similar %
with opacities, fewer diffuse
opacities in test group (ns).

Strong study

Stephan KW et al. The effect of
NaF and SMFP toothpastes on
three-year caries increments in

Randomised double-blind control
3 year study of 1,000ppm F and
1,500ppm F of

N=3,517 children 11-13y in
Lanarkshire, Scotland. NaF
n=1401, TMP n=698, SMFP

Positive caries effect for NaF
toothpaste than SMFP and trend
for greater effect with

Strong study
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adolescents. Int Dent J 1994;
44:287-95.

NaF, SMFP, NaF plus
trimetaphosphate (TMP) and
dental caries in children

n=1419.

NaF + TMP.
Little diff between 1000ppm
and 1500ppm toothpastes
hence combined.
Baseline DMFS=7.2 NaF,
7.32 TMP, 7.19 SMFP.
Caries increment: NaF 6.59,
NaF+TMP 6.52, SMFP 7.0.
NaF 6.4% below SMFP
(p<0.05) and NaF+TMP
8.1% below SMFP (p<0.05).
DMEFS increment 2% lower
Na+TMP than NaF

Clark DC et al. Effects of
lifelong consumption of
fluoridated water or use of
fluoride supplements on dental
caries prevalence. Comm Dent
Oral Epidemiol 1995; 23:20-4.

Cross-sectional study of F
exposure (Kelowna water
F=1.2ppm, Vernon F <0.1ppm,
and F supplements) and caries
using modified DMFT surface
index (D1D2MFS) which scored
incipient and cavitated lesions
separately in school children.

N=1131, 6-14yo in Kelowna and
Vernon, British Columbia,
Canada. N=110 children in
Kelowna with lifelong exposure
to F water only, n=93 from
Vernon with no F suppl
exposure. N=122 with F suppl
for >4y, n=65 lifelong exposure
to water F and history F suppl.
93% of all children used F
dentrifice by 2 y in both cities.

Positive decrease caries for
children >10y with lifetime
exposure water F 1.2ppm and
children >4y F suppl, SES
effect regardless of F exposure
F=1.2ppm D1D2MFS =1.65,
no-F =2.53 , F suppl <4y =
2.78, and F suppl >4y =1.86
35% reduction DMFS due to
water F (n.s), 10% increase
DMFS for F suppl for <4y
(n.s), 26% reduction DMFS
F suppl for >4y (n.s).
Signif diff for F water and
suppl for <4y and suppl for
>4y and <4y.
Most caries reduction was
in incipient lesions.
Mean caries prevalence
showed signif lower
incipient caries prevalence
regardless of pre-eruptive F
exposure for children with
parents with higher
educational attainment.
Multiple regression analysis
showed child% age and
parents educational status
were signif predictors of
caries prevalence.
Children <10y n.s. 15%

Strong
study.

Low caries
population,
small
number life-
long
residents
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reduction in caries, children
>10y signif 44% decrease in
caries for lifetime F water and
46% decrease for >4y F suppl.

Holt RD. The pattern of caries in
a group of 5-year-old children
and in the same cohort at 9
years of age. Comm Dental
Health 1995; 12:93-99.

Cohort from randomised
controlled double blind study of
semi-supervised low
concentration mixed NaF/SMFP
(550ppm) and positive control
SMPF 1055ppm toothpaste and
caries at end of trial ie at Syears
and 9 years

N=1,006 5yo and 9yo children,
n=516 test toothpaste, n=490
controls.

Positive trend with higher F

toothpaste

- At 5y 61% caries free in test
group and 65% in control,
mean dmft 1.3 and 1.3
respectively mean dmfs 2.2
and 2.1.
At 9y 43% caries free in test
group and 53% in control,
mean dmft 2.0 and 1.4, mean
dmfs 4.4 and 3.6. Signif
difference in caries especially
first and second molars.
Between 5 and 9 y 48% test
group no new caries and
57% control group. There
was a significant difference
in % with new caries in
primary teeth 36% test
group 29% control (p<0.001)

Moderate
study

No
information
onF
exposure
since trial
completed

-2

Sjogren K et al. Effect of a
modified toothpaste technique on
approximal caries in preschool
children. Caries Res 1995; 29:
435-41.

Randomised 3year double blind
control trial of toothpaste use
(Group A- NaF 0.15% ie 0.07%
F or Group B- SMFP 0.77% ie
0.1%F) and toothbrushing
instructions to increase F
contact or no instructions
(Group C-NaF and D-SMFP) in
children and dental caries

N=281, 4yo from Vasteras
Sweden with 0.3ppm F, Group
A & B NaF 0.15% (0.068% F)
toothpaste n=131 and Group C
& D SMFP 0.77% (0.1% F)
toothpaste n=150. F tablets not
recommended during trial.

Positive decrease caries with
modified toothpaste
technique that increased F
contact with teeth
- No difference caries
increment NaF and SMFP
so combined for test and
control groups.
Group A & B dfs=0.36 at 4y
and 1.50 at 7y; Group B &
C dfs=0.46 and 2.01
(p=0.38 4y, p=0.04 at 7y).
Test group (A & B) developed
1.14 dfs vs control groups (C
& D) 1.55 dfs (p=0.041).
Approximal caries in deciduoy
dentition reduced by 26% by

modified

Strong study
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toothpaste use.

Sonju Clasen AB et al. A
comparison of the anticaries

effect on the primary dentition of

two dentifrices containing
250ppm and 1450ppm fluoride.
Int J Ped Dent 1995; 5:3-8.

Randomised control double
blind clinical trial of efficacy of
250ppm NaF and positive
control of 1450 ppm NaF
toothpaste in kindergarten
children

N=172 children from

kindergarten (age 4y), Salzgitter,

Germany 1991. n=83 test
group- low NaF, n=89 control
group.Followed for 22months

No
hig

significant benefit for

her F toothpaste on caries
For low NaF dmft= 1.0, high
NaF dmft=1.2.

For low NaF dmfs= 2.0, high
NaF dmfs=2.4.

71% low NaF were caries
free and 72% high NaF.
39% less increment in dmft
and 33% in dmfs (n.s)

Strong
study.
Small
sample size
and short
followup.

Glass RL. Naylor MN. A
clinical trial of two fluoride
dentifrices in an area of low
caries Prevalence. Commun

Dental Health. 1997; 14(2):74-8,

(Comment in: Commun Dent
Health 1997; 14(4):263)

Randomised double blind
clinical trial of home use of F
dentifrice with two sources
fluoride concentration (500ppm
NaF plus 500ppm SMFP)
compared to active control of
1000ppm SMFP dentrifice in
children over three years on
increment in decayed and filled
teeth and surfaces(DFS)
measured over 36 months.

N= 1,633, 10-12 year old
secondary school children, Isle

of Wight, UK, area of diminished

caries experience. Age and

gender similar for groups, mean

initial sound surfaces per
subject were 98.4 and decayed
and filled surfaces 2.2 in each
group. Fibre optic light source
used for caries.

Weak positive caries benefit

for
SM

combination toothpaste to
FP.

Mean approximal surface
increments of 3.6 new DFS
in the control gp and 3.1 in
the test gp, ie 13%
difference (P < 0.05).

34% subjects caries free at
the outset. In Nn=1075 with
caries at the outset, total
mean increment on all
surfaces was 7.2 new DFS
in control gp and 6.4 new
DFS in the test gp, 11%
difference (P < 0.05).
Subjects with initial caries
had approximal surface
increments of 4.8 new DFS
in the control gp and 4.0 new
DFS in the test gp, 16%
difference (P < 0.01).

No differential treatment
effect for enamel white spots
between dentrifices.
Regular use of two F
dentifrice signif greater
effect (12-14%) than single
F source dentrifice.

Strong study

Heidmann J, Poulsen S.
Comparative three-year caries
protection from an aluminium-

Randomised positive control
study of regular daily
unsupervised Al toothpaste or

N=1,672 children age 12y
Jutland, Denmark retained in
study for 3 years. N=289 for Al

Positive caries benefit for F
toothpaste compared to Al on
caries

Strong study
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containing and a fluoride-
containing toothpaste. Caries Res
1997; 31:85-90.

SMFP toothpaste in two cohorts
of children 1989-92 and 1990-
93.

1989-92 cohort and n=402 for
1990/93 cohort and n=325 for
SMFP 1989/92 and n=431 for
1990/93. DFS (decayed, filled

tooth surfaces) and DMFS

Baseline DMFS in 1989-92
2.6 for Al and 3.0 for SMFP.
In 1990/93 DMFS=1.9 for
Al and 2.0 for SMFP.
Approximal lesion incidence
was 4.1 and 4.0 for Al and
2.9 and 2.4 for SMFP.
DMES caries increment Al
1989/92 4.0 and 1990/93
4.2, SMFP 3.6 and 2.6.

Leverett DH, et al .
Randomized clinical trial of the
effect of prenatal fluoride
supplements in preventing
dental caries. Caries Res.
31(3):174-9, 1997.

Randomized, double-blind
study of efficacy of prenatal F 1
mg fluoride tablet supplement
daily compared to control group
receiving placebo on caries and
fluorosis.

N= 1,400 women in first
trimester of pregnancy residing
in Southern Maine <0.3ppm F
randomised to two groups. Both
groups encouraged to use
postnatal F supplements to 3y.
Caries and measured in N= 798
children age 3 and 5y and
fluorosis at 5y using dfs, DMFS
and Deans index on all teeth.

No benefit for prenatal F

supplements

- Caries low in both groups:
92% children caries-free in
treatment gp and 91% in
control gp.
Mild fluorosis observed in
26 subjects.
No statistically significant
differences in caries and
fluorosis in deciduous teeth
except for fluorosis in
females.

Strong study

Schwarz E et al. Prevention of
early childhood caries- results of
a fluoride toothpaste
demonstration trial on Chinese
preschool children after three
years. J Pub Health Dent 1998;
58:12-18.

Comparative trial of 21000ppm
toothpaste in kindergarten
children in China to children
not receiving toothpaste with
water F=0.1ppm

N=152 in test group n=99
control group.

Positive trend.
Test children dmfs=4.9 at
baseline and control
dmfs=6.8 (ns).
Statis signif diff in new
carious surfaces per child
6.0 test and 8.3 dmfs for
control.
Mean net caries 3.6 and 6.3
surfaces respectively.

Moderate
study

Not blinded,
poorly
designed
groups not
similar at
start.

dmfs= decayed, missing or filled surfaces in deciduous teeth, dmft= decayed, missing or filled deciduous teeth, DMFS= decayed, missing or filled surfaces (each tooth

has 5 surfaces) in permanent teeth, DMFT= decayed, missing or filled permanent teeth, HPC= highly progressed carious teeth, FS= free smooth surfaces, MD=

approximal surfaces
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FLUOROSIS AND ENAMEL DEFECTS

Indices to categorise enamel defects are divided into descriptive indices which
categorise defects on appearance and do not readily permit an estimate of
fluorosis prevalence (eg J-A Index and M-S Index) and defects where presumed
aetiology due to fluoride which do not record full range of defects important for
the overall appearance of enamel (eg TSIF, TF Index, Deans) TSIF and TF Index
have greater sensitivity than Deans in scoring more severe categories of fluorosis
and allow recording by tooth surface rather than entire teeth. DDE a descriptive
index that partly overcomes these problems (makes no assumptions as to
aetiology) and has a simplified version suitable for epidemiological use. The
variety of opacities (eg demarcated, diffuse, white, coloured) has been known in
the past as enamel mottling.

Measures for fluorosis include Dean3 Index, TF index, TSIF index, non-specific
index of enamel defects, Risk Index of Dental Fluorosis and Siddiquis modified
classification. Studies use either clinical examination or slides. Photographic
studies-generally enhance minor enamel defects making them easier to record
(Ellwood et al, 1995). Details for the scoring for the indices are given in the
glossary.

Considerations for fluorosis studies include varying interpretation of diagnostic
criteria for fluorosis, different examination methods, varying groups of teeth
included (all or some of the following-upper incisors, canines, first premolars,
lower first molars; for TF index incisor teeth least affected). A wide range of factors
may produce enamel defects by disturbing calcification during development
period eg environmental (trauma), hereditary factors (Hamden & Rock, 1991).

The acceptability of fluorosis varies with TF index scores up to 2 being acceptable
as it gives a mild mottling sparkle and TSIF=1 acceptable. Fluorosis ranges from
almost undetectable whitish blemishes to severe brownish staining with
associated pitting or flaking of enamel.

There is no specific threshold of fluoride intake below which fluorosis will not
occur Two questions are under what conditions fluorosis becomes clinically
detectable and when does it become cosmetically unacceptable (acceptable cut-
off).

Possible risk factors for fluorosis include fluoride supplements, level of fluoride in
toothpaste, living in optimally fluoridated area, prolonged use of infant formulae,
early weaning, age toothbrushing commenced, frequency of toothbrushing,
swallowing toothpaste, social class, daily temperature, altitude above sea level.

Several methodological issues contribute to differences in findings on fluorides
and fluorosis ie indices and cut offs used, critical exposure time

Since 1991 there were 2 pivotal studies of fluoridated water exposure and
fluorosis (Clark et al, 1994; Heller et al, 1997) and 38 lesser studies.

Further discussion of fluorosis is to be found in Chapter 7 — Possible toxicity and
safety margins.
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Fluorosis studies — Fluoridated water

Study Type of Study Population Positive/Negative Study Pivotal Rating
QOutcome
Evans RW, Stamm JW. Dental | Cross-sectional comparison N=1062, 7-12 year olds, born Positive trend for water F Strong -2
fluorosis following downward from retrospective cohort study | before (n=137) and after water Significant decrease in study.
adjustment of fluoride in of children born before and F change (n=137) examined in fluorosis prevalence and Compared
drinking water. J Public Health | fo)lowing change in water F 1986. Used Deans Index, CFI. CFI across cohorts (p<0.01). | across age
Dent 1991; 51:91-8. from target of 1.0ppm in 1976 | Water fluoridated in 1962- Prevalence 63.5% in 12yo groups.
to 0.7ppm in 1978 in two dental fluorosis not evident (CFI=1.008), 60.8% in 11yo | Variables -
metropolitan and 2 semi-rural | Prior to this in children or 35- (CF1=0.967), 57.9% in 10yo | post-eruptive
regions in Hong Kong. 44 year olds. (0.975), 51.1% in 9yo deterioration
Bulk of toothpaste fluoridated (CFI=0.821), 48.9% in 8yo in older
from 1983. (CFI=0.793), 46.7% in 7yo cohorts.
(CF1=0.750). Deans index
Public health problem as developed for
CFI>0.6 12-14yo0
Decay continued to decline. | (permanent
dentition),
CFl over-
estimates for
youngest
cohort
Hamden M, Rock WP. The Cross-sectional study of social N=600 children 8-10yo Positive for water F exposure | Weak study v
prevalence of enamel mottling on | class on prevalence mottling in | continuous residents from and fluorosis
incisor teeth in optimal fluoride optimal water F area, compare schools in 3 areas. Bournville, No difference in proportions
and low fluoride communities in | enamel mottling in Birmingham | water F since 1964, prosperous of children with mottling in
England. Comm Dent Health (Bornville, Kingstanding) residental area n=200, two water F areas of
1991; 8:111-119. optimal F and Tamworth low Kingstanding, water F since Birmingham of diff social
water F areas, compare results | 1964, large council estate classes. Therefore two areas
for index based on presumed n=200 and Tamworth n=200 combined.
aetiology and index recording all | water F=0.13ppm till 1987 8% fluorosis in Tamworth
enamel defects when fluoridated. Used Al- TF index and 25.5-26.5% in
Alousi index (for all opacities no Birmingham.
presumption on aetiology) Signif more children with
grades A-F and TF index grades mottling in Birmingham
1-9. Al-Alousi grade E than Tamworth for both Al-
corresponds to TF grades 1 and Alousi 15-17.2% and 7.1%
2. p<0.025 and TF index 11.6-
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14.0% and 2.9%, p<0.01.
Prevalence mottling signif
Al-Alousi p<0.001 and
p<0.001 TF index.
Mottling in Birmingham and
Tamworth was TF grades 1-
5 most with grades 1 and 2.
TF index more effective in
highlighting differences between
mottling prevalence in two
areas.

Ishii T, Suckling G. The severity | Interrupted time series of all N=243 people <1y-80y Positive for water F exposure | Moderate -3
of dental fluorosis in children people in Ikeno Japan with categories into 3 groups between 11 months and7y. study
exposed to water with high water F=7.8ppm from 1960- according to exposure from - No fluorosis for residents
fluoride content for various 1973 then water F=0.2ppm to birth to different age and 3 |<:1|1 rr:on'ihs OICCII thr][rtngh

: ; : evels stopped and those
peil"OdS of time. J Dent Res 1991; | yetermine at risk period for groups starting at different ages >7yo when %Fi)gh level
70:952-6. fluorosis. and ending at eruption or age 7. started.

Dean’ Index used. Note low n in some groups.

Riordan PJ, Banks JA. Dental | Cross-sectional comparison of N=338, children 12 y in Perth, Posmve association with Moderate v
fluorosis and fluoride exposure | fluorosis in fluoridated and non- | (F=0.8ppm) and n=321 in water F exposure and F study

in Western Australia. J Dent Res
1991; 70:1022-8.

fluoridated areas in Australia
based on fluoride exposure
(water, supplements,
toothpaste) from birth to 4
years.

Bunbury region (F<0.2ppm). TF
on upper left central incisor.

supplements
Prevalence fluorosis 40%
Perth, 33% Bunbury area
(p=0.055).
Prevalence 45% in children
with long water F exposure
(2.5-4y) and 20% for <1y
exposure (p=0.0001).
Strong relationship between
total F exposure birth-4y
and TF score (p=0.0001)
Increasing F exposure
associated with higher
fluorosis prevalence and
higher TF scores, 27.3%
participants TF score 1
(barely discernible), 9.4%
TF >2.
OR fluorosis greater for F
suppl according to
recommendations OR=4.68
(C1=1.97-10.90) and
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extended residence in F water
area OR=4.06 (Cl=2.55-6.44).
Toothpaste OR>1 but ns

Awad MA, et al. Dental caries Cross-sectional study of dental N=160 children lifetime residents | Positive trend for fluorosis Weak study. | IV
and fluorosis in 7-9 and 11-14 caries and fluorosis in children | in low F area offered F suppl from | and F supplement use in 11- Recall bias
year old children who received receiving F water (range o- 1st year of life. Use F suppl 1l4yo.
fluoride supplements from birth. | 9 .95mg/I) and F supplements to | individualised for water F and - Fluorosis in 7-9 yo 49% for
J Can Dent Assoc 1994; 60:318- | 4chieve total F intake of adjusted by age. TSIF for fluorosis regular F suppl and 53% for
22, 1.2mg/L of drinking water in 4 teeth. All children regular irregular (ns).
toothpaste users. Irregular F suppl Fluorosis 11-14yo 63% in
defined as taking suppl <3 times a regular and 35% in
week. irregulars (ns).
Clark DC et al. Influence of Cross-sectional comparison of N=1131, 6-14yo from Kelowna Positive fluorosis and for F * v
exposure to various fluoride fluorosis in students from (n=621) and Vernon (n=510) exposures Pivotal
technologies on the prevalence randomly selected schools examined. Information on other | - ©60% children fluorosis, 8% | || 4o/ o0
of fluorosis. Comm Dent Oral stratified by SEC in fluoridated | F sources, dietary practices score >2. tudy- well
Epidimiol 1994, 22:461-4. (Kelowna, F=1.2 ; Signif higher fluorosis for pos S u_y we
, F=1.2ppm, range from birth to 6y. TSIF for . designed
0.85-1.24) and non-F (Vernon, fluorosis. F history. . considered
F<0.1ppm) British Columbia, Prevalence fluorosis 55% for various F
Canada. F<0.1ppm, 65% for
F=1.2ppm, 45% no F suppl, | EXPOSUres
76% for lifelong F, 54% F | and
suppl <4y, 69% F suppl >4y, | Stratified for
80% lifelong water F and F | SOCIO-
Supp'_ economic
factors.

Logistic regression analysis
signif neg predictors for TSIF
>1 were continuous
residence F area OR=0.9, F
suppl 1st year of life OR=0.6,
signif pos predictors F suppl
between age 4-5y OR=1.9
and parents education
OR=1.2.

For TSIF>1 continuous
residence in F area signif
neg association (OR=0.9),
signif pos assoc for infant
formula 10-12 months
(OR=1.8), parents education
(OR=1.3). For TSIF>4 no
signif variables.
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Ellwood RP, O Mullane DM. Cross-sectional study of N=3,538 children 12yo. Using No conclusion Weak study | IV
Associations between dental children from North Wales with | DDE index (demarcated opacity, | - 17.9% diffuse opacities on
enamel opacities and dental drinking water of <0.1ppm. diffuse opacity, hypoplasia). one or more teeth affected
caries in a North Wales 48.7% (demarcated
population. Caries Res 1994; opacities).
28:383-7. Significant 33% increase in
caries in those with diffuse
opacities (p<0.001).
Mean DMFS=2.0 for those
with diffuse opacities and
DMFS=3.0 for those
without.
Whilst 28% decrease DMFS
in those with demarcated
opacities (DMFS=3.2)
compared to those without
(DMFS=2.5).
Ismail Al et al. Should the Cross-sectional study of N=429 children in 5-6 grade Positive for fluorosis and F Moderate v
drinking water of Truro, Nova Canadian children from areas from Truro (<0.1ppm F) and exposure study
Scotia, be fluoridated? Water with and without water F Kentville (1.1ppm), Nova Scotia, Prevalence of fluorosis
fluoridation in the 1990s. Comm | o, ¢ ,re and cavities Canada. TSIF scores for 41.5% in non-F and 69.2%
Dent Oral Epidemiol 1993; 21: . in F area
118-25. fluorosis, DMFS for decay. :
Puzio A et al. Fluorosis and Comparative cross-sectional N=358 children 10-17yo from Positive for mild fluorosis and | Moderate v
fluoride exposure in South study of children in two fluoride | 0.3ppm F and n=177 1.0ppm F | water F exposure, infant study

Australian Children. Consensus
Conference on Appropriate
fluoride exposures for infants
and children Perth Western
Australia, December 1993

areas in Australia, exposure F
tablets, use infant formula and
age toothbrushing started

for

mular and F tablets.

Prevalence of fluorosis
using TF 1+ only signif for
water F, 29.3% in 0.3ppm F
area and 56.7% 1.0ppm F
(p<0.05).

Prevalence of fluorosis
using Dean’ Index 1+ only
signif for water F, 19% in
0.3ppm F area and 34.3%
1.0ppm F (p<0.05).
Prevalence fluorosis higher
both in F community and
non-F than observed by
Dean.

F exposure at 18-30 months
critical for fluorosis

OR depended on fluorosis
measure ie TF Index Tooth
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11, TF Index Teeth 14-24,
Dean’ Index Tooth 11. Use
of infant formula (OR 3.08,
3.67, 3.44), F tablets (OR
1.57, 10.57, 2.60), water F
exposure (3.37, 6.55, 2.63)
signif odds ratios with
fluorosis, toothbrushing
OR=1.1, 2.43, 1.45 (ns)

Riordan PJ. Dental fluorosis,
dental caries and fluoride
exposure among 7-year-olds.
Caries Res 1993; 27:71-7.

Cross-sectional comparative
study of F exposure in children

N=350, children 7.5y Perth,
89% lived in F area (0.8ppm) at
least 2.5y. TF measured on
upper left permanent incisor

Positive for duration water F

exposure and toothpaste.

- Prevalence fluorosis 48%,
TF=1 for 63% fluorosis.
OR=4.9 fluorosis with
residence F area >2.5y first
4y of life.

OR=2.2 early weaning,
OR=2.64 swallowing
toothpaste and liking
toothpaste stat signif risk
factors.

TF>2 major risk factors
early weaning (OR 2.77) and
swallowing toothpaste (OR
2.64).

Stat signif risk factors for
fluorosis: F in water,
swallowing toothpaste,
liking toothpaste, weaned
<9 months.

Moderate
study

Riordan PJ. Perception of dental
fluorosis. J Dent Res 1993;
72:1268-74.

Cross-sectional comparitive
study of fluorosis in Western
Australian children born in
1978.

N=28 children examined by 110
observers (uni students,
parents, public servants and
dentists). Fluorosis score for
upper central incisors.

Inconclusive

. Fluorosis scores >3 caused
concern.
Lay and dental observers
able to distinguished
between different fluorosis
levels

Weak study

Vignarajah S. Dental caries
experience and enamel opacities
in children residing in urban and
rural areas of Antigua with
different levels of natural
fluoride in drinking water. Comm
Dent

Cross-sectional comparative
study of life-long residents of
two F areas in Antigua, West
Indies.

N=154 12-14yo life-long
residents in rural area water
F=0.1-0.3ppm area, N=123 in
rural area water F=0.6-1.0ppm
area. Since 1984/85 weekly
fluoride rinses 9mg/10mli

Positive for mild fluorosis and
0.6-1ppm water F.
Prevalence 3% for low
fluoride area and 13% for
high fluoride area.
Statistically significant

Weak study
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Health 1993; 10:159-66.

and/or toothpaste for 6-14yo in
88% schools low F areas and 2
schools 0.6-1ppm F. Most
residents also use rain water.
Used TSIF for all 24 teeth.

difference fluorosis
prevalence between areas
measured on facial surfaces
on anterior maxillary teeth.
TSIF scores statistically
higher in high F area for all
surfaces (p<0.05) and labial
surfaces maxillary anterior
teeth (p<0.001)

No analysis of other F
sources.

Kodali VRR et al. Detrimental Comparative study of fluorosis N=254; 5-10yo n=127 Positive F dose effect and Moderate v
effects of high fluoride in four fluoride areas in South Kodabakshupally 3.7ppm F, fluorosis study
concentrations in drinking water | |ndia, one optimal F and 3 high | n=52 Sivannagudem 4.6ppm F, |- Prevalence fluorosis 73% for
on teeth in an endemic fluorosis F. n=75 Sarampet 6.2ppm F. 3.7ppm F, 67% for 4.6ppm
area in South India. TI’Op Doctor N=163 10'15y0, n=49 37ppm F and 85% for 62ppm F.
1994 (July); 136-137 F, n=86 4.6ppm F, n=28 In 0.85ppm F area no
6.2ppm F. N=334 5-10yo and changes in enamel
n=245 10-15yo, 0.85ppm area. attributed to F.
Used Siddiqui’s modified Dental caries in 54%
classification for fluorosis children 0.85ppm F area
and 39% in high F areas.
Pendrys DG et al. Risk factors Case control study of fluoride N=401 children12-16 yo from Positive for late use formula Moderate -2
for enamel fluorosis in a exposure and fluorosis in optimally fluoridated especially soya, frequent study
fluoridated population. AmJ children Connecticut reviewed for early brushing and F suppl.
Epidemiol 1994, 140:461-71. exposure to formula, F - Mild to moderate fluorosis
toothpaste, F supplements. on early forming enamel
Fluorosis Risk Index used. surfaces associated with
late use ie 10-24 months of
milk based OR=3.34 and
soya based formular
OR=7.16, soya use before
10 months OR=4.06,
frequent brushing OR=2.80
and F supp OR=23.74.
For late forming association
with enamel toothbrushing
OR-2.63 and F supplements
from 1-4y OR=19.28.
Teotia SPS & Teotia M. Dental | Cross sectional comparative N=400,300 children lifetime Positive increase in fluorosis Moderate IV and Il
caries: a disorder of high study 1963-93 of F and Ca residents from non-endemic for high F and low Ca study

fluoride and low dietary calcium
interactions. Fluoride 1994,

nutrition and caries and 5 year
randomised placebo controlled

F<lppm, mean 0.5ppm
(n=200,000) and endemic

exposure
Non-endemic villages
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27:59-66.

1g calcium intervention study of
10yo children with same SES in
water F <0.6ppm and water
F=2.5ppm and caries

F>1ppm, mean 4.2ppm
(n=200,300) fluorosis villages of
India. Calcium intervention
study n=23,273 mean water F
0.7ppm (n=12,150) and
2.85ppm (n=11,120)
randomised to calcium or
placebo

children adequate calcium
nutrition 7% fluorosis, 2%
dental caries, inadequate
calcium 14.2% flourosis,
31.4% caries

Endemic area adequate Ca
intakes 59% dental
fluorosis, 9.8% caries,
inadequate calcium group
almost 100% fluorosis, 74%
caries.

Wiktorsson AM et al. Cross sectional comparative N=260 adults born 1939-1951 Positive trend for mild Strong study v
Prevalence of fluorosis and other | study of adults lifetime (31-43yo0) in Uppsala water F fluorosis, with less caries in
enamel defects related to caries | residents in Sweden -fluoridated | 1mg/I and n=236 in Enkoping | those with fluorosis. )
among adults in communities Uppsala or non-fluoridated water F 0.3mg/I. Used TF index | =~ Prevalence fluorosis 8.8% in
with optimal and low water Enkoping,. and measured all dental Uppsala and 0% in
fluoride concentrations. Comm ' surfaces Enkoping.
Dent Health 1994; 11:75-78. ’ Non-fluorotic lesions in
10%Uppsala and 20.3%
Enkoping (p<0.01).
Less decay in fluorosis
cases in optimal F area
Carstens IL et al. Dental status | Ecological study of dental caries | N=120 children from Positive for fluorosis and Weak study \Y

of rural school children in a sub-
optimal fluoride area. J Dent
assoc Sth Afr 1995; 50:405-11.

and fluorosis in school children
from a town with 0.68-0.78ppm
F in water from reservoir
supplied by bore holes.

Fraserburg, Western Cape,
South Afrika. Attending the
town school. N=39 6yo, n=51 12
yo, n=30 15 yo. Used Deans
Index.

water F exposure

. Prevalence fluorosis 73.33%
6yo, 91.90% 12yo and
100% 15yo.
Fluorosis index scores were
1.68+1.05 for 6yo,
2.78+1.34 for 12yo and
2.9+1.58 for 15yo.
Most children with no
fluorosis were not born in
town.
Recommended decrease
water F to 0.4ppm.

du Pleissis JB et al. Water
fluoridation in South Africa: will
it be effective? J Dent Assoc
South Africa 1995; 50:545-9.

Cross-sectional study of caries
and fluorosis in black and white
children at 6 sites with varying
water F concentrations in 1989
and 1992.

N=10,712, 6y, 12y and 15y from
Cape Town, Port Elizabeth,
Durban, F=0.05ppm, Pretoria-
Witwatersrand-Vereeniging
F=0.32ppm, Bloemfontein
0.35ppm, OFS Goldfields F=0.2-
0.95ppm (mean 0.54ppm

Positive for white children with
higher other F exposures eg
toothpastes, diet.
12yo0 65.3% black children no
fluorosis, 53% white.
2+ fluorosis higher in white
children than black for
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fluctuations due to rainfall).
Only OFS Goldfields studied for
fluorosis used Deans index.

12yo0 19.6% vs 5.1% and
15yo0 7.5% vs 4.2%.
Increased prevalence for
white children and mostly
in more severe range.
Universal toothpaste use in
white children and almost
none in black.

No formal stat analysis.

Moderate
study

Ellwood RP, O™Mullane DM.
Dental enamel opacities in three
groups with varying levels of
fluoride in their drinking water.
Caries Res 1995; 29:137-42.

Cross-sectional comparative
study of children from 3 F
areas: <0.1ppm F (Chester-
England, Bala- North Wales)
0.7ppm (Anglesey-North Wales)
and 0.9ppm (Cork-Ireland) and
association between F
toothpaste and fluorosis.

N=267 lifetime 14yo residents
0.1ppm F area, n=196 for
0.7ppm and n=455 for 0.9ppm
areas with similar social profile.
DDE index, TF index for
fluorosis.

Posmve increase in fluorosis
with increasing water F, trend
for increase with more
frequent brushing and earlier
commencement brushing.
Signif diff in prevalence of
fluorosis 36% for F=0.1ppm,
54% for 0.7ppm and 62% for
0.9ppm (p<0.001).
Trend for more frequent
brushing to be associated
with higher prevalence of
enamel hypomineralisation
and earlier commencement
of toothbrushing.

Weak study

Ibrahim YE et al. Prevalence of
dental fluorosis in Sudanese
children from two villages with
0.25 and 2.56 ppm fluoride in
the drinking water. Int J Paediat
Dent 1995; 5:223-9

Ecological study of fluorosis in
children from 2 Sudanese
villages with different F conc.

N=113 lifelong residents 7-16yo,
55 Treit el Biga (F= 0.25 ppm)
and 58 Abu Groon (F= 2.56
ppm). Single examiner, fluorosis
based on maxillary central
incisors using Dean’ index.

Positive high water F and
hlgh altitude
TeB 90.9% children , AG all
children fluorosis score 1+.
AG signif higher fluorosis
scores (p<0.001).
Community Fluorosis Index
1.40 TeB and 2.44 AG.
TeB boys had signif higher
fluorosis scores than girls
possible to higher water
ingestion due to more
outdoor activity.
Tea ingestion not considered.

Weak study

Irigoyen DE et al. Prevalence
and severity of dental fluorosis in
a Mexican community with above-
optimal fluoride

Cross sectional comparative
study of children in south
central Mexico with water
F=2.8ppm

N=93 10-12yo life-long residents of
high F area Mexico 2066m above s¢
level (water F range 2.4-3.3ppm).

Modified Deans

Posmve for high F area and
altitude
100% children fluorosis.
Scores 1- 6.4%, 2- 15.1%,

Moderate
study
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concentration in drinking water.
Comm Dent Oral Epidemiol
1995; 23:243-5.

Index and Fluorosis Community
Index

3- 57%, 4- 19.3%.

No association with age.
Higher level of fluorosis
than countries with similar
water F level but different
altitude.

Query acidotic condition
related to high altitude.
Community index fluorosis=
2.9

Jackson RD et al. Dental
fluorosis and caries prevalence
in children residing in
communities with different levels
of fluoride in the water. J Public
Health Dent 1995; 55:79-84.

Cross-sectional study of
fluorosis and caries in children
in Connersville with naturally
occurring negligible water F,
Brownburg with optimal F and
Lowell with four times optimal
F.

N=344 children 7-14y who were
lifetime residents of 3 US
communities in Indiana -
0.2ppm, 1.0ppm and 4.0ppm
fluoride.

Positive association with
higher water F, mild fluorosis
in 1ppm water F
- Prevalence fluorosis by Deans
index score >1: 14.5% for F
0.2ppm, 38.8% 1ppm and
88.7% 4ppm.
Prevalence fluorosis by TSIF
score >0 for 18.2% 0.2ppm F,
45.3% 1ppm, 92.1% 4ppm
F suppl use signif risk
factor in 0.2ppm F
community (p<0.05)

Weak study.
Small
numbers

Lalumandier JA. Rozier RG.
The prevalence and risk factors
of fluorosis among patients in a
pediatric dental practice. Pediat
Dent. 1995; 17(1):19-25,

Case control study of risks for
fluorosis.

N=708 patients, 5-19 y
randomly selected from North
Carolina paediatric practice. F
exposures and other variables
obtained by parent interviews
and mail questionnaires. F
exposure was confirmed by
assay of water samples.
Secondary logistic regression
analysis controlling for water F
performed for 233 lifetime
residents (116 drinking F water;
117 drinking F-deficient water).

Positive for F suppl and age
initiated brushing before 2y
for non-F exposure and for F-
water exposure positive for
brushing initiated before age
2.
- 78% subjects had a TSIF>0;
36.3% > 1; and 18.9% > 2.
Children with early eruption
of first permanent anterior
tooth were more likely to
have fluorosis than those
with average or late eruption
(p<0.05).

Multivariate analysis- for
subjects drinking F-
deficient water, fluorosis (1
or more positive TSIF
scores) associated with F
supplement frequency (OR

= 6.5) and age child started
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brushing (OR =3.0). Moderate 11-3

For subjects drinking F water, | study

fluorosis associated with age of

child when brushing was

initiated (OR = 3.1).
Lewis HA, Chikte UME. Cross-sectional study of N=262 children 30% random Positive association for Weak study v
Prevalence and severity of schoolchildren in 2 KwaNdebele | sample of 6-18yo from severity fluorosis
fluorosis in the primary and South African communities, Kliplaatdrift underground water | - Over 90% in both areas had
permanent dentition using the 173m above sea level with 8.9-9.4ppm F and Pieterskraal fluorosis in primary and
TSIF. J Dent Assoc Sth Afr 1995; | gitferent water F. surface water 0.6-1.6ppm F. permanent dentition
50:467-471. Used TSIF. TSIF >0 in 25% for high F

area and 8% in lower F area

For fluorosed surfaces high

F area 37% surfaces TSIF 4-

7 and 6% in lower F area

(p<0.001).
Pendrys DG. Risks of fluorosis in | Cross sectional comparison of N=916, 12-16yo from 6 Positive for toothbrushing Moderate v
a fluoridated population. risk of fluorosis in school Connecticut communities. and F suppl study
Implications for the dentist and children with various F N=146 children with mild- Increased risk mild to
hygienist. J Am Dent Assoc exposures. moderate fluorosis and n=102 moderate fluorosis on
1995; 126:1617-24. fluorosis free had complete data maxillary anterior teeth in

and included in study. Use those brushing >2/day with
Fluorosis Risk Index. more than a pea size of

toothpaste and

inappropriate use of F suppl

in first 8 years of life.

Fluorosis increased if

brushed 1/day with more

than pea size toothpaste but

n.s.

78% cases attributed to

either brushing or

supplements.
Selwitz RH et al. Prevalence of | Follow up cross-sectional N=369 8-10y and n=188 14-16y Positive for increased fluorosis | Moderate -3
dental caries and dental survey in 1990 of two similar continuous residents. N=258, 8-lOyo in above optimal F areas. study
fluorosis in areas with optimal school-based examinations of and 14-16yo from Kewanee water F In optimal F area fluorosed | Different

and above optimal water fluoride
concentrations: a 10-year follow-
up survey. J Public Health Dent
1995; 55:85-93.

caries and fluorosis (1980,
1985) in areas with different F
exposure in lllinois

~1ppm, Nn=106 from Monmouth wate
F~2ppm, n=117 Abingdon and
Elmwood water F~2.8ppm and n=77
Bushnell, Ipava, Table Grove water

F~3.8ppm.

tooth surfaces signif
increased from 1980 to
1985 then declined in 1990
to 1980 level (18.6%).

In above optimal water F

examiner in
1990 survey
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Measured DMFS and TSIF and
MPFS.

areas fluorosis did not
increase from 1985 to 1990.
Stat signif higher %
fluorosed surfaces and
MPFS in each area with
above optimal water F areas
compared to optimal F area

Skotowski MC et al. Risk
factors for dental fluorosis in
pediatric dental patients. J Public
Health Dent 1995; 55:154-9.

Case-control study from

University lowa pediatric dental

clinic of F exposure in first 8
years and fluorosis.

N=157, 8-17yo patients from
lowa with history of F exposure.
Case control study of n=54
children with no fluorosis
(controls) and age matched with
n= 54 cases (44 with TSIF 2+
and 10 TSIF 1+).

Positive for water F and

too

thpaste.

Prevalence fluorosis (TSIF 1+)
72% (48% males, 52%
females, p<0.03) in all teeth of
study group.

Prevalence based on 12
criteria teeth 66% (77% boys,
55% girls p<0.01).

No signif difference in
prevalence by age group
Most children had mild
fluorosis

Boys signif more severe
fluorosis in linear regression
but not in log regression.
No signif relationship for use
infant formula, milk or soy
formular, liquid or powder.
Water F exposure and use
toothpaste signif associated
with fluorosis.

Moderate
study

-2

Xu RH et al. Endemic fluorosis
in China from ingestion of food
immersed in hot sping water.
Bull Environ Contam Toxicol
1995; 54:337-41.

Cross-sectional comparative

study of people from villages in
Fengliang area who immersed

food in hot springs with
F=20.33ppm and 19.26ppm

and a village with no exposure.

Drinking water F<0.4ppm.

N=499 Jieshang, n=67
Beixiang, n=198 Donglian, n=73
Xixiang, and control village
Fuxing n=283 where residents
dont immerse food in hot
springs. Similar SES. Used
Deans Index with Russells
criteria. SES and living habits
similar in villages.

Positive for fluorosis and high
fluoride ingestion from food
immersed in hot springs in
low water F area.

Fluorosis prevalence J
54.11%, B 49.25%, D
45.45%, X 41.10%, F
0.01%.

Fluorosis index 1.35, 1.19,
0.90, 1.00 and 0.02
respectively

Estimated daily F intake
3.64mg in fluorosis area
and 1.59mg in control.
Higher fluorosis

Moderate
study
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prevalence with higher
estimated F intake

Urine F level for each village
2.98,2.17, 2.03, 1.31,
0.67ppm respectively.
Significant negative
correlation for distance to
hot spring from residence
and prevalence fluorosis

Cortes DF et al. Drinking water | Cross-sectional comparison of N=457, 6-12yo lifetime Positive for water F exposure Moderate v
fluoride levels, dental fluorosis, dental health benefit of residents from low socio- and association with caries study
caries experience in Brazil. J fluoridation in students from economic status. TF index, and fluorosis
Public Health dent 1996; three areas of Brazil with water | DMFT (in 6 teeth) and dmft - TF scores 1-2 less dental
56:226-8. F 2-3ppm, 0.7ppm, <0.1ppm used. Access to F toothpaste caries TF=0 (n.s).
and dental treatment not Prevalence 7.5% in non-F,
considered 52.2% 0.7ppm and 91.7%

2-3ppm F.

In high water F signif more

caries in those with high

TF>3 scores (p<0.05).

DMFT correlated with

fluorosis level.

High F intake leads to

severe enamel

hypomineralisation and

increased caries risk.

Water F above 0.7ppm no

added benefit.
Ellwood RP, OMullane D. The | Cross sectional comparison of N=267 14yo children lifetime Relationship between Moderate v
association between dental enamel defects and residents from F<0.1ppm and fluorosis with caries study

developmental enamel defects
and caries in populations with
and without fluoride in their
drinking water. J Public Health
Dent 1996; 56:76-80.

caries in children from areas
with water F <0.1ppm (Chester-
England, Bala- North Wales)
and F=0.7ppm (Anglesey- North
Wales).

n=196 from F=0.7ppm). TF
Index — DDE and DMFS used.
One examiner for caries,
photographs used to record and
score enamel opacities using TF

index and demarcated opacities.

Dental caries lower in groups
with fluorosis (TF>1).

Stat signif less dental caries
in those with TF scores in
low F group.

Signif higher DMFS in children
with >1 demarcated opacities
(defects) present compared to
those with none for both
fluoride exposures (p=0.02).
Developmental enamel
defects maybe a marker of
caries susceptibility.
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Ismail Al. Messer JG. The risk
of fluorosis in students exposed
to a higher than optimal
concentration of fluoride in well
water J Public Health Dent.
56(1):22-7, 1996 (Comment in: J
Public Health Dent 56(1):5,
1996)

Cross-sectional comparison of
occurrence fluorosis in children
exposed water F >2ppm at
different stages life.

N=74 of 84 students 10-18yo
Rigolet, Labrador, Canada
examined. Residents exposed
water F >2.0 ppm from the new
town well, operational from
December 1983. Children had
participated in fluoride rinse
program 0.2%NaF and from
1988 1.1mg NaF tablets.
Fluorosis assessed using
Pendrys’Fluorosis Risk Index.
48 students lived all of first six
years of life in Rigolet.

Positive for high water F

exposure especially in 1st year

of life and for mandibular

central incisors

- Prevalence 78.9% for exposure
1st year, 65.5% >1 year at
exposure, 60.0% >2y, 50%
>3y, 43.8% >4y at exposure.
For n=48 life-long residence:
OR fluorosis on enamel zones
formed in 1st year of life was
8.31 (95% CI = 1.84, 38.59)
for children with F water
exposed during 1st year of life
relative to those exposed after.
Odds fluorosis in maxillary
central incisor were 5.69
(95% CI = 1.34, 24.15)
times higher if exposed
during thelst year of life
compared to after 1year and
for mandibular central
incisors OR=23.14.
Only those exposed to the
high-F water during 1st year
of life developed mandibular
central incisor fluorosis.
Age exposed to 2ppm F
significant risk factor for
fluorosis.

Weak study
F suppl
exposure
confounder

Pendrys DG et al. Risk factors
for enamel fluorosis in a non-
fluoridated population Am J
Epidemiol.1996;143(8):808-15.

Case-control study of possible
association between mild-to-
moderate enamel fluorosis and
exposure during early childhood
to F supplements, F toothpaste,
and/or infant formula use in
non-F communities

N=460 10-13 year old children,
born after 1979, residents of six
non-F communities in
Massachusetts and
Connecticut. Fluorosis status
determined on basis of a clinical
dental examination using the
Fluorosis Risk Index (FRI). Risk
factor exposure determined by
guestionnaire (response rate of
90% and reliability of 87%).

Positive for various F

exposures including F suppl

from 2-8y and toothbrushing

started 1-2y and more than

once per day

- Logistic regression analyses
revealed moderate
association between mild-
to-moderate enamel
fluorosis on early forming
(FRI classification 1) enamel
surfaces and early ie 1-2y

Moderate
study- small
sample size
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Decrease F in infant formula in
US in 1979.

toothbrushing habits (OR
=2.56, 95% CI 1.34-4.88)
and F supplement use
during 2-8y (OR = 2.25,
95% CI 1.08-4.69).

Strong association between
mild-to-moderate fluorosis
on later forming (FRI
classification 1) enamel
surfaces and early
toothbrushing habits ie
>1/day (OR = 4.23, 95% CI
1.72-10.41) and
supplement use (OR = 7.97,
95% CI 2.98-21.33).

Infant formula and amount
toothpaste not associated
with fluorosis on FRI
classification | or 11
surfaces.

Breast fed OR=1.62 for
class 1, caucasian origin
OR=4.28 for class Il

-2

Vigild M et al. Dental caries
and dental fluorosis among 4-,
6-, 12-and 15- year old children
in kindergartens and public
schools in Kuwait. Comm Dent
Health 1996; 13:47-50.

Cross-sectional comparative
study of prevalence of caries
and fluorosis in children in
Kuwait

N=3500 4,6,12, 15yo from
kindergartens and public
schools in Kuwait selected by
stratified cluster sampling.
Water F from 1974-1980.
Current water F 0.2-0.3ppm.
Dean’s Index.

Positive decrease fluorosis

with decrease water F

- Marked reduction fluorosis
between 1982 and 1993.
In 1982 fluorosis prevalence
21% 12yo, 19% 15yo.
In 1993 fluorosis prevalence
6% 12yo and 6% 15yo.
Explanation for presence
fluorosis large seafood and
tea consumption and high
fluoridated bottled water
and F water for irrigating
vegetables.

Moderate
study

Villa EA, Guerrero S. Caries
experience and fluorosis
prevalence in Chilean children
from different socio-economic
status.Comm Dent Oral
Epidemiol 1996; 24:225-7

Cross sectional comparative
study of children from schools
in low and high socio-economic
class in areas both with water
F=0.91ppm (range 0.73-1.38)

N=232 8yo from 2 low socio-
economic status (SES) schools
(n=155) and 1 high SES school
(n=87). Used Dean’ Index.

Positive association with SEC
possibly related other F
exposures
Lower SES children had
signif higher caries
prevalence 0.57 vs 0.25,
OR=3.80 (Cl 1.73-8.44).

Strong study
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Lower SES children had
higher mean dmft (2.3 vs
0.83) and DMFT (0.35 vs
0.15) than higher SES
(p<0.001).

Prevalence of fluorosis 79%
in lower SES children signif
higher than high SES 59%
(p<0.003).

Proportion Deans scores 2,
3,4 and 5 in lower SES
higher than higher SES
(p<0.001).

CFl was 1.05+0.97 for lower
SES and 0.76+0.87 for
higher SES (p<0.05).
Pattern of tooth brushing or
breast feeding similar.
Possibly related to prolonged
use of formula in lower SES
and higher tea and tap water
consumption.

Clark DC. Berkowitz J. The
influence of various fluoride
exposures on the prevalence of
esthetic problems resulting from
dental fluorosis. J Public Health
Dent 1997; 57(3):144-9,

Cross-sectional study of
prevalence of esthetic problems
due to dental fluorosis, and
relationship to different F
exposure histories in fluoridated
communities with average F=
0.9ppm..

N=2,715 children grades 2 and
3 and N= 3,297 adolescents
grades 8 and 9 examined by
four dentists in 1993-94. F
exposure collected from 3,022.
Esthetic rating of maxillary
anterior teeth by dentists,
participants, parents.

Positive increase in fluorosis
with F exposure in the third year
of life.
- 46% had dental fluorosis on
at least 1 tooth
40% had fluorosis on
anterior maxillary teeth.
Low prevalence of esthetic
problems, 1-4%, depending
on definition.
Esthetic problems (defined
by participant) more
prevalent for >11y age group.
Logistic regression showed
significant associations
between several
classifications of esthetic
problems F supplements
and dentifrices, and F water
exposure during the third

year of life ie exposure in

Moderate
study
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third year of life increases
risk.

Heller KE, et al. Dental caries Cross-sectional study using N=40,693 children 4-22y (85% | Positive increase in fluorosis * v
and dental fluorosis at varying 1986-87 National Survey of oral | sampled students). Permanent | with water F, ie dose effect Pivotal
water fluoride concentrations. J Health of US schoolchildren of residents ie 18,755 5-17year : Fluorosis prevalence 13.5% Strong Study
Pub Health Dent 1997; 57:136- | flyoride exposure, caries and olds in caries analysis, 15,532 7- for <0.3ppm, 21.7% 0.3-
43. dental fluorosis 17 year olds in fluorosis 0.7ppm, 29.9% 0.7-
analysis. Water F at school F 1.2ppm, 41.4% for >1.2ppm
supplements and other water F exposures.
exposures. Assumption water F Little decline caries and
school same as residence. Visual considerable dental
and tactile assessment of caries fluorosis for water F
and Deans Fluorosis index used. between 0.7 and 1.2ppm.
Rugg-Gunn AJ, et al. Effects of | Cross-sectional study of water N=1,539 14yo males, Positive for diffuse defects and | Moderate v
fluoride level in drinking water, | fluoride concentration, continuous residents from 3 high water F, SES, rural study

nutritional status, and
socioeconomic status in the
prevalence of developmental
defects of dental enamel in the
permanent teeth in Saudi 14-
year-old boys. Caries Res 1997,
31:259-67.

nutritional status, socio-
economic status on dental
enamel defects.

regions in Saudi Arabia- Jeddah
(0.22ppm F), Riyadh (0.78ppm
F), Qassim (2.66ppm F) and
adjacent rural communities (F=
0.25ppmg, 0.80ppm, 2.71ppm).
Malnutrition highest in rural
areas and lowest in high SES
urban subjects. Used DDE.

communities and in

malnourished.

- Maxillary incisor teeth most
affected.
83% subjects >1 enamel
defect (75% low F, 82%
optimal F, 93% high F
p<0.0001), mean 9.6 teeth
affected per person (4.6 low
F, 5.8 optimal F, 20.8 high
F p<0.0001).
80% of all subjects had
diffuse enamel defects, 71%
low F region, 77% optimal F
and 93% high F (p<0.0001)
Mean 7.1 teeth with diffuse
type defects in all subjects.
Mean number teeth affected
per subject 4.1 low F, 4.8
optimal F and 14.6 high F
(p<0.0001).
Multivariate analysis
revealed region, nutritional
status and SES statistically
related to prevalence of
defects and number teeth
affected.
F in drinking water,
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nutritional status, SES
related to prevalence and
severity of developmental
enamel defects.

El-Nadeef MAI, Honkala E. Cross-sectional study of N=203, 12-15 year olds No conclusion, more caries in | Weak study v
Fluorosis in relation to fluoride prevalence of dental fluorosis in | permanent residents 2 schools | high fluorosis group.
levels in water in central Nigeria. | relation to water F levels in Plateau (Kanadap F=0.1-0.3mg/ | -+  Prevalence fluorosis (>2+)
Comm Dent Oral Epidemiol Nigerian children from 2 states. | L) and Bauchi (Tildan Fulani F 58% Tildan Fulani, 43%
1998; 26:26-30. Intra-examiner reliability 80% <0.1-0.4mg/L). Fluorosis Kanadap (c2 p=0.02).
determined using Dean’ 30% and 11% no fluorosis
classification. Water F from 16 and mean DMFT 0.1 and
wells on one occasion in May. 0.3 (n.s).
Lowest DMFT in very mild
fluorosis group and highest
in mild to severe fluorosis
group (p=0.049).
Evans RW et al. Dental Cross-sectional study of Random sample of n=644 12yo | Positive association with F Moderate v
fluorosis prevalence in fluorosis, caries experience and | in 1995. Melbourne water exposure and fluorosis. study
Melbourne 12-year-olds is within | fluoride intake in 12 yo children | F=1.0ppm since 1977. Used - Deant Index=0.26, 12%
expected limits. Abstract Int in Melbourne. Deans Community Fluorosis children had mild fluorosis,
Assoc Dental Research (IADR) Index. 64% caries free.
ANZ Division, Brisbane Signif association between F
September, 1998 history and fluorosis
(p=0.003) and caries
experience (p= 0.000).
Borderline signif association
between caries experience
and fluorosis p=0.057.
Heintze SD et al. Urinary Cross sectional study of water F | N=1328 subjects 5-50yo of all Positive for water F and Moderate \Y
fluoride levels and prevalence of | exposure, fluorosis and urine social strata, fluorosis recorded | fluorosis. study-
dental fluorosis in three fluoride concentrations in three | in 5-24yo. Urine samples - Prevalence fluorosis 13.3% | Liquid

Brazilian cities with different
fluoride concentrations in the
drinking water. Comm Dent Oral
Epidemiol 1998; 26: 316-23.

Brazilian cities.

available from n=545. Mean
water F in Garca 0.90 (range
0.75-1.20), Bauru 0.64mg/L
(range 0.01-1.30), Itapolis 0.02
(0.01-0.08). Used TF index.

Garca, 6.8% Bauru, 1.7%
Itapolis.

Mean urinary F
concentration 1.31mg/L G,
0.88mg/L B, 0.39mg/L | for
all ages.

Urinary F increased with
age in G and decreased in
B. Significant differences
between 5-19 yo 1.16mg/L
G, 1.02mg/L B, 0.36mg/L |
and >20yo 1.47mg/L G,

intake based
on previous
day, other F
sources no
considered.
F
toothpastes
not available
till end
1980s
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0.80mg/L B, 0.46mg/L |
respectively (p <0.001, p
<0.01, p<0.01).

Higher mean urinary F
concentration in those with
fluorosis but n.s.
Self-reported daily liquid
intake not related to urinary
F concentration

Pendrys DG, Katz RV. Risk Case-control study of risk N=233 children 10-14yo who Positive association for early Moderate -2
factors for enamel fluorosis in factors for enamel fluorosis in had lived in optimally toothpaste use, F supplements | study
optimally fluoridated children first 8 years of life in US fluoridated community in first 8 | and fluorosis and powdered
born after the US manufacturers” | children from optimally years of life. Used Fluorosis infant formula use especially for
decision to rec!uc_e the fluoride fluoridated Connecticut (1 ppm) | Risk Index. Cases and controls fluorosis in later forming enamel
concentrf’itlon_ln |nfan.t formula. born after F content in formula identified by FRI classifications | surfaces. Trend for dose-
Am J Epidemiol 1998; 148:967- reduced in 1979 and I1, cases possessed response to toothpaste use.
74 fluorosis- positive score on 2 or ' glfsigfiraege?fgfgvj;n milk
more enamel surfaces at that therefore combined.
classification, controls had no Logistic regression OR=5.96
fluorosis positive scores on any (95% Cl 1.06-33.53) for
surface zone under the mild-moderate fluorosis on
classification. early forming enamel
surfaces and F suppl,
OR=6.35 (ClI 1.21-33.40) for
early toothpaste use,
OR=4.33 (Cl 0.73-25.66) for
powdered infant formula.
OR=10.77 (Cl 1.89-61.25)
for mild-moderate fluorosis
on later forming enamel
surfaces and powdered
infant formula, OR=10.83
(Cl 1.90-61.55) for F suppl,
OR=8.37 (1.68-41.72) for
early toothpaste use.
No association with ready to
feed infant formula and
fluorosis and smaller
increased risk with liquid
concentrated (ns).
Selwitz RH et al. Dental caries | Cross sectional study of N=495 children, n=318 8-10yo Weak Positive Weak study v
and dental fluorosis amongst different water F exposure and and n=177 13-16yo lifelong TSIF scores generally <3.
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schoolchildren who were lifelong | caries and fluorosis in rural residents of Broken Bow and Percent fluorosed tooth Two low F
residents of communities having | midwestern towns in Illinois Holdrege, Nebraska low water F surfaces for 8-10yo 18.5% communities
either low or optimal levels of and Nebraska, US in 1990. (<0.3ppm ) and Kewanee, Kewanee, 18.4% Holdege different in
fluoride in drinking water. J Illinois optimal F (1ppm). and 17.7% Broken Bow; respect to
Public Health Dent 1998; 58:28- Fluoride history obtained. and 13-16y0 15.1%, 2.1% oral health-
35. Measures DMSF and TSIF and 9.2% respectively. related

Mean percent fluorosed factors eg

tooth surfaces per person sealants

for all participants adjusted | apart from

for age and F suppl 17.6%, water F

12.3% and 13.1% (ns) exposure.
Villa AE et al. Dental fluorosis | Case control study of fluorosis N=136. Group 1 born after Positive for water F exposure | Moderate -2
in Chilean children: evaluation and water F exposure mainly water F introduced (n=68 in first 24 months and study

of risk factors. Comm Dent Oral
Epidemiol 1998; 26: 310-15.

through powdered milk in early
childhood in five Chilean
communities.

cases=36, controls=32), Group
Il 16-24months when water F
introduced (n=38, cases=12,
controls=26), Group Il
>24months when water F
introduced (n=30, cases=3,
controls=27). Cases had
fluorosis score>1 in central
maxillary incisors, controls
fluorosis score=0.

Water F=0.93mg/L (0.65-
1.42mg/L) since 1986, children
examined 1996. Used Dean’
index and Russell % criteria for
differentiating F and non-F
opacities. One examiner used,
single blind re-examination at 4
weeks. Interviewer blind to
fluorosis status.

95.5% children drink powdered
milk in first 6 years life. Average
breast feeding duration
5.5months. F supplement use
in <2%.

fluorosis.

- Adjusted OR for fluorosis
compared to Group Il were
Group | OR=20.44 (95% ClI
5.00-83.48), Group Il
OR=4.15 (1.05-16.43).
Exclusive breast feeding
duration protective factor in
Group | children OR=0.86
(C1 0.75-0.98).

Enamel fluorosis in Groups
Il and Ill was related to tea
ingestion and increased
daily frequency of pre-
school toothbrushing (ns)
No relationship to SES. No
difference in use powdered
milk with SES

TSIF= tooth surface index of fluorosis, 0=no evidence fluorosis, 1=definite evidence fluorosis, 2=parchment-white fluorosis on at least 1/3rd visible surface, 3=
parchment-white fluorosis on at least 2/3rd visible surface, 4= enamel staining with any preceding levels fluorosis, 5= discrete enamel pitting, 6= discrete pitting

and staining of intact enamel, 7= confluent pitting of enamel surface.

DDE Index = developmental defects of enamel
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TF index= Thylstrup Fejerskov index. TF =1 mild enamel hypomineralisation, TF 2-3= moderate, TF>4 severe

TF index (Hamden & Rock) 1- narrow white lines, 2-more pronounced opaque lines, 3- merging irregular cloudy areas, 4-opacity or chalky whiteness of entire area,
5- marked opacity and small pits, 6- pits arranged in horizontal bands, 7-loss of outer enamel over up to half the surface, 8- loss of outer enamel over more than
half the surface, 9- loss of much enamel and changed surface anatomy

MPFS= mean percent of fluorosed surfaces per subject (subject based summary measure for statistical analysis)

Opacity- qualitative defect in enamel, abnormality in translucency of enamel

Hypoplasia- quantitative defect in enamel, reduced thickness of enamel..

Hypomineralised enamel- incomplete mineralised enamel

Demarcated opacity- opacity with clearly defined boundary from adjacent enamel, usually occur on isolated teeth

Diffuse opacity- opacity with poorly defined boundary that merges into surrounding enamel, generally seen on all tooth surfaces developing.

Al-Alousi A-white opacity <2mm across, B-white opacity >2mm across, C-coloured spots <2mm across, D-coloured spots>2mm across, E-horizontal white lines, F-
coloured or white areas of rough enamel.

Deans Fluorosis index: O= no fluorosis, 1=questionable, 2=very mild, 3=mild, 4=moderate, 5=severe.

Community Fluorosis Index: Community Fluorosis Index= Sindividual scores/number children. acceptable range 0.3-0.6. Takes into account the two most equally
severely fluorosed teeth ie later-forming posterior teeth

Fluorosis Risk Index (FRI) categorises fluorosis cases and controls based on presence of mild-to-moderate fluorosis on enamel surfaces that begin to form during
defined development periods, either during first year of life (FRI classification | enamel surface zones) or after the second year of life (FRI classification Il enamel
surface zones). Takes into consideration that enamel fluorosis observed at different enamel surface locations may be related to entirely different routes F exposure.
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Fluorosis Studies -Other fluoride exposures

Study Type of Study Population Positive/Negative Study Pivotal/ Rating
Qutcome Comment
Stephen KW et al. Incisor Cohort study of F suppl N=263 children entering Inconclusive F suppl not Moderate -2
enamel mottling prevalence in available to children from birth | preventive dentistry programs significantly associated study
child cohorts which had or had | at woodside, Glasgow and between birth and 7y and 59 fluorosis
not taken fluoride supplements Kilsyth and enamel opacities non-participating 11 yo - Prevalence fluorosis 12%
from 0-12 years of age. Proc assessed by dentists and lay classmates of one cohort. F with 4% considered
Finn Dent Soc 1991; 87:595- persons drop/tablet dosage program unacceptable
605. employed in Glasgow since Lay categorisation
1972 prevalence 24% with 15%
unacceptable.
8% children commencing F
suppl <8 months had
fluorosis, 6% commencing
8-12months, 11% 16-
24months, 10% 2 y, 15%
3y, 16% 4y, 5% 5y, 14% 6y,
17%>11y.
Kalsbeek H et al. Use of Cross sectional study of caries N=431 children born 1970-74 Positive for use F suppl Moderate -2
fluoride tablets and effect on experience at 6 and 15years in Tiel and living there at 15y between 1.5-6 years of age study- F
prevalence of dental caries and | and prevalence of dentall with registered F supplement and prevalence fluorosis toothpaste
dental fluorosis. Comm Dent fluorosis at 15 years in Tiel, use for age period1.5-6y. Water | - At 15y prevalence fluorosis | jikely
Oral Epidemiol 1992; 20: 241-5. | py5)jand F until 1973 then F tablets 7% for no F suppl use, confounder
provided_ F Suppl usage 10% irregular, 19% for
classified as no use, irregular, regular and 36% for
regular and frequent. frequent.
Prevalence fluorosis
significantly related to use F
suppl, motivation of mother,
mother s education level
OR=5.4 for frequent suppl
use (p<0.01), OR=2.2 for
regular F suppl use (p=0.01)
Holt RD et al. Enamel opacities | Randomised control double- N=1,523 children age 2y in Positive for increased Strong study | 1l
and dental caries in children blind study of semi-supervised Norwich (F<0.58ppm in water) fluorosis with 3years of higher
who used a low fluoride low concentration mixed from 1984 till aged 5y-1991/92 | F toothpaste exposure in low
toothpaste between 2 and 5 NaF/SMFP (550ppm) and n=517 test, n=490 control and | Water F population.
years of age. Int Dent J 1994; positive control SMPF 1055ppm | n=516 second controls from For fluorosis TF index 1+
44:331-41. on caries prevention efficacy outside trial. Used TF index and 15% test, 20% control, 20%
and prevalence of opacities in DDE index (upper incisors) for non-trial control; TF2+ 5%,
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children in trial and children
not in original study. 7 year
followup with supplementary
positive controls.

photographs (n=1,452 readable).

9%, 9% (p<0.05), TF3+ 2%,
3%, 2%.

Significantly more controls
had fluorosis. Risk TF 2+
OR=1.66, standard F
toothpaste increased risk
fluorosis by over half, OR=2.4
for F suppl.

DDE index scores similar %
with opacities, fewer diffuse
opacities in test group (ns).

Nowjack-Raymer RE et al. The
prevalence of dental fluorosis in
a school-based program of
fluoride mouthrinsing, fluoride
tablets and both procedures
combined. J Public Health Dent
1995; 55:165-70.

Follow-up of clinical trial of
prevalence and severity dental
fluorosis in children randomly
assigned to a school-based
fluoride procedure (0.2% NaF
mouthwash weekly, 2.2mg NaF
tablet daily, or both) in low
water F community.

N= 448 of children recruited
from kindergarten and 1st grade
in 1981followed till 1992 in
Springfield, USA. Used Dean3
Index and CFlI

Negative for fluoride tablets
and mouthwashes increasing
prevalence and severity of
fluorosis.

. Prevalence fluorosis 4.4%
overall, 20 children had
definitive level fluorosis.
Deans Index score >1 for 3.29
F rinse, 5.6% F tablet, 4.9%
combination.

CFI 0.07 F rinse, 0.15 F table
0.10 combination, 0.11 for all
groups.

No statistically signif differences i
prevalence or severity of fluorosis
among regimens, among childrer
who began regimens at 5y, 6y or

7y.

Moderate
study
Small
numbers

11-3

Gupta SK et al. Reversal of
fluorosis in childrens. Acta
Pediatr Jpn 1996; 38:513-9.

Double blind control study of
125mg calcium, 60,000U Vit D3
and 250mg ascorbic acid
supplementation or placebo in
children with fluorosis for 180
days

25 children 6-12y randomly
selected from Jaipur, India,
water F 4.5ppm. Grade 1
skeletal fluorosis and all grades
dental and clinical fluorosis
observed.

Positive decrease in fluorosis
with combination of calcium,
vitamin C and vitamin D3.

- Significant improvement
in dental, clinical and skeletal
fluorosis (p<0.05
for all) for children
receiving combination
treatment.

Significant improvement
relevant biochemical
parameters (calcium, ALP,
Ascorbic acid, WBC, blood
F, serum F and urinary F)
in children receiving

Moderate
study
Calcium,
ascorbic acid
and Vit D
intake may
be
confounders
in F studies
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combination therapy

Pendrys DG. et al. Risk factors | Case-control study of possible N=460 10-13 year old children, | Positive for various F Moderate -2
for enamel fluorosis in a non- association between mild-to- born after 1979, residents of six | exposures including F suppl study- small
fluoridated population Am J moderate enamel fluorosis and | non-F communities in from 2-8y and toothbrushing | sample size
Epidemiol.1996;143(8):808-15. exposure during early childhood | Massachusetts and started 1-2y and more than
to F supplements, F toothpaste, | Connecticut. Fluorosis status once per day )
and/or infant formula use in determined on basis of a clinical |~ L0gistic regression analyses
non-F communities dental examination using the revealed moderate )
Fluorosis Risk Index (FRI). Risk association between mild-to-
factor exposure determined by moderate enamel fluorosis
questionnaire (response rate of on early forming (FRI
90% and reliability of 87%). classification ) enamel
Decrease F in infant formula in surfaces and early ie 1-2y
US in 19709. toothbrushing habits (OR
=2.56, 95% CI 1.34-4.88)
and F supplement use
during 2-8y (OR = 2.25, 95%
Cl 1.08-4.69).
Strong association between
mild-to-moderate fluorosis
on later forming (FRI
classification 1) enamel
surfaces and early
toothbrushing habits ie
>1/day (OR = 4.23, 95% ClI
1.72-10.41) and
supplement use (OR = 7.97,
95% Cl 2.98-21.33).
Infant formula and amount
toothpaste not associated
with fluorosis on FRI
classification | or Il surfaces.
Breast fed OR=1.62 for
class 1, caucasian origin
OR=4.28 for class Il
Leverett DH, et al . Randomized, double-blind N= 1,400 women in first No benefit of prenatal F trend for] Moderate ]
Randomized clinical trial of the study of efficacy of prenatal F 1 trimester of pregnancy residing increase fluorosis in females study
effect of prenatal fluoride mg fluoride tablet supplement in Southern Maine <0.3ppm F Caries low in both groups:
supplements in preventing daily compared to control group | randomised to two groups. Both 92% children caries-free in
dentgl caries. Caries Res.1997; receiving placebo on caries and | groups encouraged to use treatment gp and 91% in
31(3):174-9 fluorosis. postnatal F supplements to 3y. control gp.
Caries and measured in N= 798 Mild fluorosis observed in
children age 3 and 5y and 26 subjects.
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fluorosis at 5y using dfs, DMFS
and Deans index on all teeth.

No statistically significant
differences in caries and
fluorosis in deciduous teeth
except for fluorosis in
females.

Wang NJ et al. Risk factors
associated with fluorosis in a
non-fluoridated population in
Norway. Comm Dent Oral

Epidemiol 1997; 25:395-401.

Cross sectional study of
fluorosis in non-fluoridated

Norway from F toothpaste and

supplement exposure.

N=383 8yo children. F
toothpaste 1000ppm used by
95% population and 67%
regularly used F suppl between
6 months and 6y. Water F
<0.25mg/| for 96% population.
Used TF index

Positive association with F
suppl and starting
toothbrushing before 14
months
36% children had fluorosis
45% children regularly
using suppl had fluorosis,
21% periodically using
suppl, 10% seldom using
and 0% not using.
Fluorosis mild ie TF=1 in
87% cases
OR=2.44 (Cl 1.07-5.55) F
toothpaste before 14
months (p=0.03), OR=1.84
(Cl 1.43-2.35) for additional
year F suppl (p<0.001).

Moderate
study
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OTHER DENTAL STUDIES- MATURATION

Several authors have mentioned a delay in teeth eruption in fluoridated areas and
the lack of consideration of this possible difference in the selection of subjects in
comparative studies of the benefit of water fluoridation. Dean identified that
children living in areas with 2.5ppm fluoride in their water supply had fewer
numbers of permanent teeth at 12-14 years than those in fluoride deficient areas,
but there were no significant differences at water fluoride levels around 1ppm
fluoride. Later research suggested the difference was due to the premature loss of
deciduous teeth in non-fluoridated areas either as a result of caries and perapical
infection or the extraction of the diseased teeth by dentists. This is supported by a
statement from the British Fluoridation Society that children in non-fluoridated
areas have five times the number of missing teeth at age 5-6 years. Since 1991
there has been one published study by Campagna and co-workers (1995) that
compared teeth eruption in children from fluoridated Boston to non-fluoridated
Athens. They demonstrated a significant delay in dental age of approximately 2
years in the girls from fluoridated Boston using Nolla Tables though the validity
and applicability of using the Nolla tables was questioned and no consideration
was made of fluoride intake from other sources. It is generally accepted that data
should be presented on the number of teeth present in comparisons between
groups for caries experience and where significant differences exist the number of
teeth present should be controlled.

Conclusion

Evidence inconclusive only one methodologically weak study available.
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Other dental effects -Maturation

Study

Type of Study

Population

Positive/Negative Study
Outcome

Pivotal

Rating

Campagna L, et al. Fluoridated
drinking water and maturation of
permanent teeth at age 12. J Clin
Paediat Dent. 1995;19:225-8.

Cross sectional study of
children with European
background in fluoridated and
non-fluoridated city and teeth
eruption.

Dental age of children 12.5years
(n=88 boys and girls) randomly
selected in fluoridated Boston
and non-F Athens and dental
age (eruption of teeth) using
Nolla tables compared to
chronological age.

Positive trend for water F

delaying teeth eruption.

- Significant (P<0.05) ~2year
delay in dental age for girls
in F area compared to
chronological age.
Proposition is fluoride
delays teeth eruption.
Problems with study:
validation and applicability
today of Nolla Tables, F
intake from other sources in
non-F community and F
community, other
confounders eg cultural
factors, girls in Boston may
have higher F intake.

Weak study
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BONE MINERAL DENSITY AND FRACTURES- fluoridated water

Fluoride affects bone strength by affecting quantity and quality of bone crystals
and osteoblast activity. It acts by stimulating osteoblastic bone formation and is a
potent stimulator of bone formation. The effect is predominantly on the weight-
bearing skeleton , primarily the spine. Sodium fluoride increases bone mineral
density (BMD) in the axial skeleton however at higher concentrations the newly
formed bone is structurally weak and perhaps more fragile than normally
synthesised bone.

There are several possible confounders for studies on fractures these include:
latitude, water hardness, poverty level, sunlight, race, nutritional deficiencies,
impaired renal function, age of exposure, hormone replacement, estrogen
deficiency, body weight, activity, prescription use, cigarette use, alcohol, calcium
consumption. Risk factors for hip fractures include: female sex, older age and low
body mass index. White women are at greatest risk of fracture followed by white
men, Hispanics and Asians have intermediate risk, blacks have relatively low rates
of fracture. Hip fracture incident rates are subject to measurement error eg
Medicare inpatient hospitalisation data have a sensitivity of 70-99% with
variability from state to state in the United States.

Since 1991 there have been 16 studies of water fluoridation and its effects on bone
either BMD or fracture incidence. The pivotal cohort study of fluoridated water
exposure and fractures or BMD demonstrated a trend for a decreased risk of hip
fracture in France for water fluoride levels from 0.11ppm to O0.7ppm and an
increase at 1ppm (Jacquim-Gadda, 1998). There was no association with water
fluoridation and non-hip fractures. The 15 lesser studies demonstrated a range of
outcomes including no effect on BMD and an increase in BMD in most studies and
both an increase and a decrease in fractures.

Osteoporotic fractures commonly occur at the hip, spine and wrist and are most
common in women. There were 6 weaker ecological studies with conflicting results
of the effect of water fluoridation on fractures. Most studies adjusted for age and
two studies adjusted for sex. Results included no significant effects on fracture
incidence following exposure to optimally fluoridated water for 6 and 19 years
(Suarez-Almazor et al, 1993; Jacobsen et al, 1993), increase in fracture incidence
following exposure to fluoridated water for 4 and 7 years (Danielson et al, 1992;
Jacobsen et al, 1992), a reduced fracture incidence in a community fluoridated to
1.5ppm (Fabiani et al, 1995) and a modestly higher fracture rate only in men
(Karagas et al, 1996).

The other studies included cohort, cross-sectional and nested case control
studies. Several studies also considered some of the following age, body mass
index, calcium intake, alcohol use, thiazide use, bottled water use and hormonal
therapy. The majority demonstrated a protective effect for hip fractures from
exposure to fluoridated water and variable effects on BMD. Sowers and co-workers
(1991) demonstrated significantly lower radial bone mass in pre and post
menopausal women, greater bone mass loss in pre-menopausal women and an
increase in fractures in post menopausal women exposed to water with 4ppm
fluoride and low calcium compared communities with 1ppm fluoridated water and
normal calcium or high calcium levels. Kroger and co-workers (1994)
demonstrated a significantly higher lumbar spine BMD in peri-menopausal women
exposed to optimally fluoridated water for over 10 years. Two studies showed a
significant increase in BMD only in pre-menopausal women (Lan et al., 1995,
Arnold et al, 1997). Lehman and co-workers, (1998) did not demonstrate a
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correlation with age adjusted BMD but demonstrated a decrease in hip fractures in
fluoridated area for both sexes. Cauley and co-workers, (1995) demonstrated no
significant effect on BMD, lower vertebral and hip fracture rates and higher wrist
and non-spine fracture rates in optimally fluoridated community compared to non-
fluoridated whereas Phipps and co-workers, (1997) demonstrated an increase in
BMD except for the proximal radius, decreased spine and hip fractures and an
increase in forearm fractures with exposure to fluoridated water. A later study of
BMD in three communities with fluoride water levels of 0.03, 0.7 and 2.5ppm
demonstrated a trend for increase in BMD at 2.5ppm but no effect at 0.7ppm
(Phipps et al, 1998). Feskanich and co-workers (1998) used toenail fluoride levels
in a nested case control study as a measure of individual fluoride exposure and
reported that high toe nail fluoride concentrations were associated with a lower
risk of hip fracture and higher risk of forearm fracture.

Conclusion

There is a variable effect on BMD with exposure to fluoridated water

Variable effect on the incidence of hip fractures with different fluoridated
water exposures with the stronger studies suggesting a protective effect.

Variable effect on the incidence of other fractures with different
fluoridated water exposures ranging from weak protective effect to an
increased risk

Insufficient evidence to determine effect of fluoride on osteoporosis as
results from studies on BMD and fracture incidence are inconsistent
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Bone Mineral Density and Fracture Studies- Fluoridated water

Study Type of Study Population Positive/Negative Study Pivotal Rating
Qutcome
Sowers MF et al. A prospective 5 year cohort study of incidence | N=827 women age 20-80y Positive trend for increased Weak study -2
study of bone mineral content of fracture and radial bone recruited in lowa, USA, 684 at fractures with high F
and fl’acture in Communities with mass in three Communities_ fo"owup_ eXpOSure in Women>55y
differential fluoride exposure. high fluoride (F 4+0.1mg/I,Ca - Residence in high-F
Am J Epidemiol. 1991; 133:649- | 1543mg/L), high calcium community associated with
60. (F1mg/I, Ca 375+8mg/Il) control lower radial bone mass in
(F 1mg/I, Ca 67+4mg/|) pre and post menopausal
women, increase rate radial
bone mass loss in
premenopausal women,
significantly more fractures
in postmenopausal women.
5y RR fracture 2.11 (CI=1.0-
4.4) women 55-80y in high-
F community compared to
controls, 1.81 for women
20-35y.
High F water exposure
associated with increase in
fracture risk.
Danielson C et al. Hip Ecological study the effect of Patients >65 years with hip Weak positive increase in risk | Moderate v
fractures and fluoridation in water F 1ppm on incidence of fractures requiring hlp fracture in water F area. study
Utah’s elderly population. JAMA | hip fractures. hospitalisation (n=246) over 7 RR hip fracture in women Small
1992; 268: 746-8. year period in 3 communities in 1.27 (Cl 1.08-1.46) and sample size
Utah, USA. One with water men 1.41 (Cl 1.00-1.81) in
F=1ppm since 1966 and two water F area relative to non-
with water F<0.3ppm. F areas.
Small significant increase in
risk of hip fracture in
elderly exposed to 1ppm
fluoride.
Jacobsen SJ et al. The Ecological study of water N=70million (218,951 cases) Positive trend for increase in Moderate
association between water fluoridation and incidence of hip | white persons >65y in 323 hip fractures with water F study
fluoridation and hip fracture fracture urban counties in USA (129 especially in men. Possibility of
amongst white women and men fluoridated n=40million, 194 Annual age adjusted rate bias and/or
aged 65 years and older. A non fluoridated, n=30 million). hip fracture in women 8.62 | confounders
national ecologic study. Ann Fluoridated counties defined as per 1000 in F areas vs 7.85 | eg variable
Epidemiol. 1992; 2:617-26. proportion population served in non-F, RR=1.08 (1.06 water F, halo
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with F water increased from -1.10). effect. No v
<10% to >66% within 3years. F Men 4.71 vs 3.99, RR 1.17 dose
counties grouped into 6 (1.13-1.22). 8-17% response
categories according to duration increased risk hip fracture, effect.
of water-F. Non-F if <10% association stronger in men | Reduces
population received F water at and recently fluoridated causality as
any time through 1985. counties. most
Small but statistically signif | recently
association. fluoridated
stronger
association.
Jacobsen SJ et al. Hip fracture | Ecological study of incidence of | N=56,447 population, persons Negative effect on fractures as | Weak study. | IlI-3
incidence before and after the hip fracture 10 years prior and | >50y Rochester, Minnesota. decrease in hip fracture with | Small
fluoridation of the public water 10 years following fluoridation Cases n=286 men, n=383 water F sample size-
supply, Rochester, Minnesota. using Rochester Epidemiology | women.N=751 hip fractures in | - Incidence hip fracture 484 per | |arge CI for
Am J Public Health1993; Project. 20 years. Water fluoridated at 100,000 for 10y pre-water F | men, other
83:743-5 1.1ppm since 1960. and 450 per 100,000 post. intervention
Among women pre F 728 s over 20y.
per 100,000 person years
and 631 per 100,000
person-years post.
For men 172 per 100,000
person years pre F and 219
per 100,000 person years
post.
Strong effect attributed to
fluoridation RR= 0.63, (Cl=
0.46-0.86) and signif year
and age effects.
Adjusted RR=0.6 (CI=0.42-
0.85) for women associated
with F and 0.78 (CI=0.37-
1.66) for men.
F not associated with
immediate increase in rates
hip fracture
Suarez-Almazor ME et al. The | Ecological study of hip fracture | N=5267 patients >45y admitted | No association except for Weak study. | IV
fluoridation of drinking water rates in a fluoridated and non- | to hospital with hip fractures increase risk hip fracture for | Limitations-
and hip fracture hospitalisation | fluoridated community. from a population of 1,210,085 | men>45y or >65y. control for
rates in two Canadian between 1981-87 in Edmonton - Age-sex standardised hip other F
communities. Am J Public Health (F=1mg/L since 1967) and fracture hospitalisation rate exposure,
1993; 83:689-93. Calgary (F<0.3ppm), Canada. was 2.77 per 1000 person- length of

years for Edmonton, 2.78
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for Calgary.

No signif differences in
incidence rates for women
or both sexes.

Difference in standardised
hip fracture incidence for
men >45y and>65y between
two areas (RR 1.12 and
1.13 respectively).

residency

Kroger H et al. The effect of
fluoridated drinking water on
axial bone mineral density - A
population-based study. Bone
Miner 1994; 27:33-41.

Cross-sectional study of effect of
fluoride in drinking water on
bone mineral density (BMD) of
spine and femoral neck.

N=3,222 peri-menopausal
women 47-59y random
stratified from cohort of 13,100
Finnish women.N=969 women
exposed F water (1.0-1.2mg/1)
for >10y, 2253 women low F
(<0.3mg/L). 48.4% reported
past or present hormone
replacement therapy

Weak positive water F effect
on BMD spine and femoral
neck.
- BMD spine higher in F
group (1.138+0.165 g/cm?2
vs 1.123+0.156g9/cm2,
P=0.026) no diff in femoral
neck BMD.

After adjusting for
confounders BMD 1.15 vs
1.12g/cmz2 (p<0.001) for
spine, 0.94 vs 0.93g/cm2
(p=0.004) for femoral neck.
Self-reported fractures
15.4% for F and 13.4%
non-F (ns).

Weak study.
Significant
differences
in several
variables
between
groups.

Cauley JA et al. Effects of
fluoridated drinking water on
bone mass and fractures: the
study of Osteoporotic fractures. J
Bone Min Res 1995; 10:1076-86

Cohort from Study of
Osteoporotic Fractures. Bone
mineral content and bone
mineral density spine, hip,
midpoint, ultradistal radius and
prevalent and incident vertebral
fractures.

N=2076 non-black females >65
years from Pittsburgh Clinic,
USA with variable years
residential F water exposure.

There were 36 water companies.

Mean water F in F areas was
1.01 + 0.21 and 0.15+ 0.10 in
non-F. Water F commenced in
1950s in 7 companies, 1 in
1960s, two in 1970s, 4 in
1980s.

Weak negative trend for
decreased vertebral, hip
osteoporotic fracture rates
with water F exposure and
weak positive trend for
increased wrist and non-spine
fracture rates.

- Residential water F
exposure no effect on
trabecular or cortical bone
mass.

No evidence longer F
exposure (>20y) influenced
vertebral deformity risk.
Suggestion F exposure >20y
lower fractures RR:non-
spine 0.73 (Cl 0.48-1.12),
osteoporotic 0.74 (0.46-
1.19), hip 0.44 (0.10-1.86)

Weak study
Low
statistical
power due to
sample size.
F exposure
limited to
water

supply.

-2
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than not exposed but ns.
Age-adjusted RR fractures
for any F exposure >1 year
and not exposed 1.09 (CI
0.7-1.72) wrist, 1.04 (0.84-
1.29) non spine, 0.94 (0.58-
1.54) vertebral, 0.83 (0.44-
1.59) hip, 0.99 (0.78-1.24),
osteoporotic.

Fabiani L et al. Fluoride in
water as a protective factor for
bone fractures: preliminary data
of an epidemiological study in
Italy. In assessing and managing
Health Risks from Drinking
Water Contamination:
Approaches and Applications.
Reichard EG, Zapponi (Eds).
1995; IAHS Publications UK,
135-40.

Ecological study of high
(>1ppm) and low (<1ppm)
fluoride water areas in Central
Italy and incidence of bone
fractures.

N=126,000 for district of Rome
and n=70,000 for L Aquila with
average water F of 1.54mg/I
and 0.05mg/I respectively.
Bone fractures for residents
1990-1991 from hospital data.

Negative decrease fractures
with water F 1.5ppm
compared with 0.05ppm.

- High fluoride area had lower
incidence rate proximal
femur fractures in men
(4.76 vs 2.07 per
1000person-years) and
women (5.71 vs 3.28 per
1000person-years).

Rates were higher for all age
groups in low F area
Suggest water F 1.5ppm is
protective.

Weak study
F exposure
by residence
only, length
of residence
not noted.

Lan CF et al. Fluoride in
drinking water and the bone
mineral density of women in
Taiwan. Int J Epidemiol 1995;
24:1182-7.

Cross-sectional study of fluoride
concentration in drinking water
and bone mineral density of
lumbar spines in Taiwanese
women.

N= 248 women 46-65y in F area
>0.6mg/l (mean 0.98mg/I) and
F<0.6mg/L (mean 0.18mg/l) in
Taiwan randomly selected and
age stratified.

Positive effect water F>1mg/I

on BMD in pre-menopausal

women

- Women 46-65y in areas
with 0.18mg/I F slightly
lower BMD than women
0.98mg/1 F. Signif for 46-
50y and 61-65y.
Lumbar BMD greater in
women in >1mg/I F
community (p=0.009).
After stratification for
menopausal status, F signif
association with BMD in
pre-menopausal women.
No signif assoc post-
menopausal women.

Weak study

Karagas MR et al. Patterns of
fracture among the United States
elderly: geographic and fluoride

Ecological study of geographic
region and fluoride status with
fracture rates in elderly.

N=59,383, 5% Medicare
population 65-89y white
residents of 50 US states during

Weak positive increase in
distal forearm and proximal
humerus fractures in men.

Moderate
study
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effects. Ann Epidemiol 1996; 1986-90 with fractures of hip Higher risk among women Individual F
6(3):209-16. (n=28,194), proximal humerus for all fractures. Hip exposure
(n=8,584), distal forearm fractures higher in not
(n=15,020), ankle (n=7,585) and Southern regions of US, measured,
water F exposure according to fractures distal forearm and | gther
county of residence. Fluoridated proximal humerus higherin | -,qounders
counties defined as at least two- E;S:]'ip fracture for women across
thirds of its residents received F in F areas than F <0.3ppm counties.
water (>0.7ppm). Non-F was 1.01 (95% CI=0.96-
counties <10% residents 1.06), and for men RR=1.0
received artificially F water or (95% CI1=0.92-1.09).
natural levels <0.3ppm. Men in F areas modestly
higher rates distal forearm
(RR=1.16) and proximal
humerus fractures (RR=
1.23) than men in
F<0.3ppm areas (p<0.01,
p<0.001 respectively).
Arnold CM et al. The effect of Comparative cross-sectional N=57 females 18-25y University | Positive for axial skeleton BMD. | Weak study \Y
water fluoridation on bone study of BMD in young women | volunteers who had not -+ Mean height, weight, bone- | Limitations
mineral density of young from fluoridated and non- travelled outside resident city mineral free lean mass, fat | small
women. Can J Public Health fluoridated cities in Canada for >4y, n=33 from Saskatoon mass, daily calcium intake, | sample size
1997, 88: 388-91. water F=1.0ppm since 1954, pa;t or preS(_ent physical not nec
and n=24 from Regina water activity ns different. representati
F<0.15ppm. Lifestyle and ?{ng?gadg;eézn;sekgfé\évr??‘2r ve of
dletqry questionnaire BMS at axial skeleton ie population.
administered. APS (effect size 11.9%), VLS
(effect size 7.6%) bone sites
in lumbar spine but not TB
or PF (ANCOVA analysis)
Phipps KR et al Community Cohort from Study of N=3,218 females >65 years Positive increase BMD and Moderate 11-3
water fluoridation, fractures and | Osteoporotic Fractures Atlanta continuous exposure F | decrease in spine and hip study

bone mineral density.(Abstract) J
Bone Mineral Res 1997;
12(suppl 1):127.

individual water F exposure,
bone mineral density and
fractures.

water for last 20 years and
n=2,563 no exposure last 20
years.

fractures
Adjusted BMD values 3%
higher lumbar spine
(p<0.001), 3% higher
femoral neck (p<0.001), 1%
lower distal radius
(p=0.022), 1% lower
proximal radius (p=0.002),
no diff calcanus for
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continuous exposure.
RR=0.75 (Cl 0.57-0.99) for
vertebral fracture, RR=0.72
(Cl 0.53-0.99) hip fracture,
RR=1.32 (Cl 1.02-1.70)
wrist fracture.

Feskanich D et al. Use of
toenail fluoride levels as an
indicator for the risk of hip and
forearm fractures in women.
Epidemiol 1998; 9:412-16.

Nested case control study from
Nurses’Health Study cohort age
30-55y recruited in 1976 of
individual F intake and status
and fractures.

N=53 proximal femur fractures
and n=188 distal forearm
fractures from 1982 to 1988
and age matched controls not
reporting fractures. Toenail
clippings collected in 1982

Weakly protective effect for
higher F with hip fractures
and associated with increased
risk forearm fractures.
Adjusted OR=0.8 (95% CI
=0.2-4.0) for hip fracture in
highest toenail F (>5.5ppm
compared to lowest <2ppm)
Adjusted OR=1.6 (C1=0.8-
3.1) for forearm fracture

Moderate
study
Toenail F
levels used
as individual
measure of F
exposure

-2

Jacquim-Gadda et al. Risk
factors for fractures in the
elderly. Epidemiol 1998; 9:417-
23.

Prospective cohort study of risk
factors for hip and other
fractures over 5 years in France

N=3,216 men and women >65

years followed for 5 years which

were part of the Paquid cohort

study with water F ranging from

0.05 to 1.8mg/I.

Positive trend for decreased

risk hip fractures to water F

level 0.7ppm.

. 8.2% reported 1 fracture,
0.6% two fractures, 0.03%
3 fractures.
Higher risk hip fracture in
those exposed to water
>0.11mg/I. No dose effect
Hip fractures OR=3.25 (ClI
1.66-6.38) for water F 0.11-
0.25mg/l1, OR=2.43 (CI 1.1-
5.33) for water F>0.25mg/l,
OR=0.77 (Cl 0.37-1.62) for
water F 0.7 and OR=0.89
(Cl=0.21-3.72) for water F
1mg/l.
No association between
water F and non-hip
fractures.
Non-hip fractures associated
with polymedication.
Hip fractures associated
with polymedication,
anxiolytic and
antidepressant drugs

*

Pivotal
No dose
effect

11-3

Lehman R, et al. Drinking water

Cross-sectional study of BMD in

Total N=656 hospital workers

Weak positive protection for

Weak study
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fluoridation: bone mineral
density and hip fracture
incidence. Bone 1998; 22:273-8.

hospital employees and
ecological study of hip fractures
in patients >35y admitted to
local hospitals between 1987-89
in F community and non-F
German community.

age 20-60y n=214 women, n=98
males in Halle non F water
(0.08-0.36mg/L) and n=201
women and n=43 men in
Chemnitz F=1mg/| (water F for
>30y). N=612 osteoporotic hip
fractures in Chemitz and n=640
in Halle during time period.Hip
fracture incidence used ICD
Code 820.0, 820.2, 820.8) for
patients >35y living in Halle and
Chemnitz.

hip fractures with water F
especially for males and for
females >85y.

. No correlation between F
exposure and age adjusted
BMD.

No signif difference spinal or
femoral BMD between
subjects.

Exponential increase in
fracture incidence with
aging for both sexes.
Incidence 3.5 times higher
in women.

Age adjusted annual incidence
142.2 per 100,000 for women
in F area and 72.5 per
100,000 for men and 178.5
per 100,000 for women and
89.2 per 100,000 for men in
non-F area.

Significant lower hip
fracture incidence women
>85y in F area OR 1.41(
95%Cl 1.10-1.81, p=0.006)
and men OR 1.92 (1.07-
3.45, p=0.02).

Signif difference age
adjusted hip fractures in F-
area for both sexes.

Phipps KR et al. The
association between water-borne
fluoride and bone mineral
density in older adults. J Dent
Res 1998; 77:1739-48.

Cross sectional study of bone
mineral density in adults >60y
from 3 rural communities in
Oregon and Washington with
natural water F 0.03, 0.7 and
2.5ppm.

N=353 white non-Hispanic
women and n=317 white non-
Hispanic males >60y, ambulant
with >20 years ingestion of city
water

Positive for increase in lumbar
spine BMD in men and women
and proximal femur BMD in
women at 2.5ppm water F
exposure, no effect at 0.7ppm.
Individual F exposures
demonstrated only signif
decrease forearm BMD in
females with higher water F.

- Some differences in risk
factors for decreased BMD
between groups
Age adjusted BMD for
females higher for lumbar

Moderate
study
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spine and proximal femur
for 2.5ppm F compared to
both 0.03 and 0.7ppm (both
ns), lower forearm BMD for
2.5ppm compared to
0.03ppm (p=0.13).
Multivariate adjusted BMD
for females 4-5% increase
for lumbar spine and
proximal femur for F=
2.5ppm compared to both
0.03 and 0.7ppm (p=0.44,
p=0.35)

For men signif increase age
adjusted BMD for lumbar
spine in 2.5ppm (p=0.014),
higher but ns for proximal
femur and lower ns
difference total forearm
BMD.

Multivariate adjusted BMD
for males increase for
lumbar spine for 2.5ppm
compared to both 0.03 and
0.7ppm (p=0.007), p=0.35),
ns increase proximal femur
and decrease total forearm.
Individual daily fluoride
intake using multiple
regression analysis and
controlling for significant
confounding variables was
only signif predictor of
decrease in forearm BMD in
females (p=0.015)

0.7ppm water F has no
signif impact on BMD.

BMD= bone mineral density.
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OSTEOPOROSIS STUDIES- FLUORIDE TREATMENT

In the 13 therapeutic studies for osteoporosis the doses of fluoride used are
generally consistent varying from 9-22.6mg of fluoride per day administered as
either sodium fluoride or monofluorophosphate with most studies also using
concomitant treatment with calcium. Eleven studies showed a significant increase
in BMD at various sites (Greenwald et al 1992; Resch et al, 1993; Pak et al, 1994;
Pak et al, 1995; Rizzoli et al, 1995; Sebert et al, 1995; Pak et al, 1996; Adachi et
al, 1997; Meunier et al, 1998; Refinster et al, 1998; Ringe et al, 1998) of which 8
were randomised controlled trials though 3 were from the same study group. Six
studies showed a reduction in the incidence of fractures (Pak et al, 1994; Pak et
al, 1995; Pak et al, 1996; Farrerons et al, 1997; Reginster et al, 1998; Ringe et al,
1998) though some studies showed no effect or a small increase in the incidence
of fractures (Kleerekoper et al, 1991; Sebert et al, 1995; Meunier et al, 1998). The
prospective randomised double-blind placebo-controlled study Confounders in
these studies were usually part of exclusion criteria and included renal disease,
malignancy, thyrotoxicosis, osteomalacia, severe scoliosis, corticosteroid therapy,
thyroxine.

Conclusion

Fluoride therapy associated with an increase in BMD

Fluoride therapy has a variable effect on fracture incidence though
most studies showed a decrease in incidence of fractures.

Evidence of the benefit of fluoride in the treatment of osteoporosis
inconclusive
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Osteoporosis Studies- Fluoride treatment

Study Type of Study Population Positive/Negative Study Pivotal Rating
Outcome
Kleerekoper M et al. A Prospective randomised double- | N=84 (n=38 placebo, n=46 NaF) | Weak negative trend for Moderate 1
randomised trial of sodium blind controlled clinical trial in postmenopausal white women increased rate for vertebral study
fluoride as a treatment for spinal osteoporosis of 75mg (45-75y) in USA with spinal fractures and significantly Small
postmenopf_ausal osteoporosis. NaF/day and 1500mg osteoporosis, >1 vertebral hi_gher non-vertebral lesions sample size
Osteoporosis Int 1991; 1:155-61. | caicium/day for both groups for | compression fractures or >2 with NaF 75mg/day plus and high
48 months. non-contiguous vertebral wedge caIC|um: - . drop-out
deformities recruited. All had + No signif differences n rate
physical therapy. N=45 followed stature, forearm cortical
up at 48 months. bone mass, development of
new vertebral fractures
between NaF and placebo.
Non-vertebral lesion hot
spots in lower extremities
104 in F group and 28
placebo OR=0.32 (CI 0.13-
0.80, p=0.02).
More side-effects (Gl,
painful lower extremities) in
F group (p<0.05)
Greenwald M et al. Open label trial of slow-release N=10 subjects, 6 males, 4 Positive increase vertebral Moderate 1
Corticosteroid-induced NaF 20-30mg per day and females, mean age 66.7+7.6 BMD with NaF 20-30mg/day study
osteoporosis: effects of a 1000- 1500mg calcium in years followed for 14 months. plus calcium. Small
treatment with slow-release patients with chronic - Mean increase 18.7% in sample size.
sodium fluoride. Osteoporosis Int prednisolone use vertebral density per year
1992; 2:303-4. (p<0.01).
No significant response to
NaF at femoral neck
1 vertebral fracture
occurred after 14 months
Resch H et al. Evidence that Cross-sectional study of effect of | N=193 osteoporotic women, n=26 | Positive increase spinal and Weak study v
fluoride therapy increases fluoride therapy (NaF or MFP controls age 54-83y from patients | femoral condyle BMD with design
trabecular bone density in a 20-40mg/day elemental F) plus | attending Osteoporosis Clinic in NaF or MFP + calcium
peripheral skeletal site. J Clin 1500mg calcium on spinal bone | USA. Divided into: (I) controls ie - Significantly lower SBD and
Endocrinol Metab 1993; density (SBD) and femoral normal (n=26), (Il) untreated FCD in untreated
76:1622-4. condyle bone density (FCD) ie osteoporotic (N=75), (1l fluoride osteoporotics than age-
peripheral weight bearing sites | treated osteoporotic for 12 matched controls (p<0.05).
in normal and osteoporotic months (n=56) and (IV) 36 Significant increase in SBD
and FCD after 12 and 36
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females

months therapy (n=61).
Longitudinal follow-up of F
treated groups to 2y n=37.

months F compared to
untreated osteoporotics (all
p<0.05).

Significant increase SBD
and FCD at 12 and 24
months compared to
baseline for both F treated
groups (p<0.0001).
Similar average rate of
increase in FCD and SBD
per month.

Pak CY et al. Slow-release
sodium fluoride in the
management of postmenopausal
osteoporosis. A randomized
controlled trial. Ann Intern Med
1994; 120:625-32.

Placebo-controlled randomised
trial in women with osteoporosis
randomized to intermittent slow
release NaF 25mg bd for 14
month cycles (12 months on, 2
months off) or placebo and
continuous 400mg calcium bd
on vertebral fracture rate and
lumbar bone mineral content.

N=110 postmenopausal patients
with osteoporosis, Texas, USA
followed for ~2.5years.

Positive increase L2-L4 and

femoral neck BMD, decrease

new fracture rate and higher
fracture free rate with NaF
50mg/day + calcium.

. 4-6% increase in mean L2-
L4 bone mineral content in
each 14 month cycle in NaF
group.

4.1% and 2.1% increase
mean femoral neck bone
density in NaF group during
the first 2 cycles.

No change in radial bone
density.

Decrease individual new
fracture rate (0.057/patient
cycle vs 0.204/patient cycle
p=0.017)

Higher fracture free rate in
NaF group (83.3% vs
64.7%, P=0.042).

Lower group fracture rate
(0.085/patient cycle vs
0.239, p=0.006).

No change in bone mass in
placebo group.

Strong study

Pak CY et al. Treatment of
postmenopausal osteoporosis
with slow-release sodium
fluoride. Final report of a
randomized controlled trial. Ann

Placebo-controlled randomised
clinical trial of slow release NaF
25mg bd in 14 month cycles (2
months off) in postmenopausal
patients from Texas, USA with

N=48 patients received 25mg
slow release NaF for 4 cycles,
n=51 patients received placebo
for >1 year.

Positive increase BMD and
decrease vertebral fractures
with NaF 50mg/day + calcium
No difference recurrent
spinal fracture rate.
NaF group 4-5% increase in

Moderate
study
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Intern Med 1995; 123:401-8.

osteoporosis. All patients
received calcium 400mg bd.

L2-L4 bone mass per year
for 4 years.

2.38 +3.33% increase
femoral neck bone density,
No change radial shaft bone
density.

Decrease individual
vertebral fracture rate
(0.064+0.182 per patient-
year compared to
0.205+0.297, p=0.002).
Higher unadjusted fracture-
free rate(85.4% compared
with 56.9%, p=0.001).
Greater survival estimate
for new fractures (RR=0.3,
Cl1=0.12-0.76).

Rizzoli R et al. Sodium Clinical trial of sodium mono- N=48 patients age 46-54years Positive increase lumbar spine | Weak study | 111-3
monofluorophosphate increases | fluorophosphate (MFP = with corticosteroid-induced BMD with MFP in corticosteroid
vetebral bone mineral density in | 26mgF/ day) and calcium osteoporosis. N=17 patients induced osteoporosis. )
patients with corticosteroid- 1000mg/day compared to idiopathic osteoporosis received | =~ NO significant changes in
induced ost_eopor05|s.. ) calcium alone on BMD of MFP and calcium. Treatment for E(;\:I]E)rc:?s '}gi?eﬁqa;g?ﬁeg( or
Osteoporosis Int 1995; 5:39-46. Iu_mbar spine, femoral qeck, 18 months. midfemoral shaft.
m_|dfemoral shaft_ in patients MED and calcium more
with cortlcc_)sterOId induced effective at increasing
osteoporosis. lumbar spine BMD than
calcium alone 7.8+2.2 vs
3.6+1.3% (p<0.02).
Gl side-effects though mild
significantly more common
in MFD+ calcium group
Signif 9.3% increase lumbar
spine BMD in idiopathic
osteoporosis (p<0.005) no
change femoral neck or
femoral shaft.
Sebert JL et al. Monofluoro- Prospective double-blind N=76 50-70yo men and women | Positive increase lumbar BMD | Moderate 1
phosphate increases lumbar randomised controlled clinical with severe osteopenia (lumbar | with MFP 200mg/day plus study

bone density in osteopenic
patients: A double-masked
randomised study. Osteoporosis

trial of sodium
monofluorophosphate 100mg bd
for 2 years in patients with low

BMD at least 2 standard
deviations below young adult
mean) in Amiens and Marseille,

calcium, no effect on
vertebral fractures.
Significant increase in mean
lumbar BMD in F group at
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Int, 1995; 5:108-14.

bone mass on lumbar BMD. All
patients taking 500mg calcium
bd.

France.

1y (7.9% vs 0.5%, p<0.05),
1.5y (10.6% vs 1.8%,
p<0.05), and 2y (14.2% vs
3.3%, p<0.05) ie overall
7.1% increase/y vs 1.6%
per year.

ANOVA at initial, 1 year and
2year signif increase
lumbar BMD in F group
(p<0.004).

No difference in vertebral
fractures between groups at
2y (p=0.84)

Pak CY et al. Comparison of
non-randomised trials with slow
release sodium fluoride with a
randomised placebo-controlled
trial in postmenopausal
osteoporosis. J Bone Miner Res
1996; 11:160-8.

Placebo controlled non-
randomised and randomised
trials of SR NaF 25mg bd for 14
month cycles (2 months off NaF)
in patients with
postmenopausal osteoporosis.
All patients taking calcium
400mg bd.

Randomised trial n=54 patients
NaF, n=56 placebo. Non-
randomised trial 65 patients
primary site Texas, 121 patients
from collaborative sites Ohio,
Indianapolis. 206 of all the
patients had completed at least
1 cycle. NaF group results
individually compared to
placebo and combined groups ie
NaF from randomised +
nonrandomised trials
compared.

Positive increase on L2-L4 and
femoral neck bone density and
decrease in vertebral fracture
rate in patients with mild to
moderate bone loss and trend
for decrease vertebral fracture
rate in those with severe bone
loss with NaF 50mg/day and
calcium
SR NaF treatment on spinal
fracture rate in non-
randomised trials similar to
treated group in randomised
trial and different to placebo.
In mild-moderate bone loss
NaF in combined group
96.5% patients fracture free
(p<0.001). Combined
NaF group lower individual
vertebral fracture rate than
placebo 0.025 vs
0.188/patient year (p=
0.0001). NaF
group lower group vertebral
fracture rate than placebo
0.029 vs 0.175/ patient year,
RR=0.12 p=0.0001.
In severe bone loss
combined treated group
73.5% patients fracture free
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(p<0.007) though ns for
randomised NaF group.
Lower individual vertebral
fracture rate only for
combined NaF groups 0.17
vs 0.225/patient year
(p=0.04).

Lower group vertebral
fracture rate for combined
NaF groups 0.150 vs
0.276/patient year RR 0.54
(p=0.03) though ns for one
non randomised and
randomised NaF treated
groups

L2-L4 bone mass increased
4-6%/year for 4 years,
femoral neck bone density
increased 1-2%/year during
first 2 years in NaF treated
group, no change in placebo.
No signif difference in non-
vertebral fracture rates ie
hip or appendicular.
Subgroup analysis showed
low baseline L2-L4 bone
density, high prevalent
spinal fractures, reduced
body weight important
determinants of
development of spinal
fracture during SR NaF
treatment.

Moderate
study

Adachi JD et al. Fluoride
therapy in prevention of
rheumatoid arthritis induced
bone loss. J Rheumatol 1997;
24:2308-13.

Randomised double blind
placebo controlled study of
sodium fluoride 40mg/day for
18 months and BMD in patients
with rheumatoid arthritis

N=38 patients with RA (36
females, 2 males). Primary
outcome lumbar spine BMD,
secondary femoral neck, Ward3
triangle, trochanter and total
body BMD.

Positive effect for NaF
40mg/day for lumbar spine
BMD
- Lumbar spine BMD
significant higher (6.2%) in
F group at 18 months
(p=0.0005)

Signif 5.2% increase in
lumbar spine BMD in F
group (p=0.0125). No signif

Moderate
study Small
sample size
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change in placebo group.
BMD increased in 80% F
group and 44% placebo gp
(p=0.04)

No signif differences in
other BMD from baseline or
between group.

Farrerons J. et al. Sodium
fluoride treatment is a major
protector against vertebral and
nonvertebral fractures when
compared with other common
treatments of osteoporosis: a
longitudinal, observational
study. Calcif Tissue Intern. 1997,
60(3): 250-4,

Observational study over 5y of
sodium fluoride (50mg enteric
coated NaF with main meals
and 1g elemental calcium twice
daily) with different non-NaF
osteoporosis treatments
(calcium, estrogens, androgens,
and calcitonin) and incidence of
vertebral and nonvertebral
fractures.

N=125 NaF patients (89%
females), 65+10y from
Barcelona. N= 127 Non-NaF
patients (90% females), 63+10y.
Follow-up of NaF patients for
361 person-years and non-NaF
for 382 person-years NaF
patients had more crush
fractures (P < 0.0001) and more
months since menopause (P =
0.004) at baseline.

Positive protective effect

50mg NaF + calcium on

vertebral and peripheral

fractures

- NaF: 68 vertebral fractures
and 22 complete peripheral
fractures in NaF group and
69 vertebral fractures and
total 27 complete peripheral
fractures in non-NaF.
Adjusted OR=0.48 vertebral
fractures for NaF significant
for [95% CI 0.2-0.9], and
OR 0.41 peripheral
fractures (95% CI 0.2-0.9).
Probability of undesired
effects much higher with
NaF (OR 5.04, 95% CI 2.1-
11.9).
NaF doesnt increase
femoral fractures risk.

Weak study

Meunier PJ et al. Fluoride salts
are no better at preventing new
vertebral fractures than calcium-
vitamin D in postmenopausal
osteoporosis: The FAVO study.
Osteoporos Int 1998; 8:4-12.

Multicentre randomised double
blind clinical trial in
osteoporotic women with
vertebral fractures receiving
calcium and vitamin D and
either sodium fluoride 50mg/
day, di sodium monofluoro-
phosphate 150-200mg/day and
placebo on BMD and new
vertebral fractures.

N= 208 white women 47-76y
received fluoride (NaF, MFP-
n=68 150mg/day, n=67
200mg/day) and n=146 placebo
from France and Belgium.
N=222 patients treated for two
years. Then n=124 patients
(n=50 NaF, n=22 MFP 150,
n=26 MFP 200, n=52 controls)
followed for 1y after cessation of
F or placebo but continuing Ca
and Vit D.

Positive increase BMD spine
NaF 50mg day, MFP 150mg
and 200mg plus calcium and
vitamin D with a greater
effect for 200mg MFP.
Negative trend for fractures
and F.
. No signif difference in %
women free of new vertebral
fracture for F or control
group at 1y, 2y or 3y.
F group 35.8% had at least
one vertebral fracture at 2y
and 26.5% controls.
Non-vertebral fractures
11.6% control and 18.9% F
(ns).

Strong study
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BMD lumbar spine 10.8%
increase for F and 2.4%
controls at 2y (p=0,0001).
Tendency for BMD higher in
MFP 200. No signif change
BMD of femoral neck.

No decline in lumbar or
femoral BMD 1y after
cessation treatment.

F group experienced lower
limb pain.

Regin_ster JY et al. The effect Randomised controlled double N=164 white Belgian Posi_tive for 152r_ng/day MFP + | Moderate 1
of sodium monofluoro-phosphate | plind study of low dose fluoride | postmenopausal women with calcium decreasing vertebral study
plus calcium on vertebral as sodium osteoporosis and T score >-2.5 fracture rate and increasing
fracture rate in postmenopausal | monofluorophosphate (MFP) for BMD spine randomised to BMD lumbar spine in mild to
women with moderate plus calcium on vertebral continuous daily 152mg MFP moderate 0steoporosis.
osteoporosis. Ann Intern Med fractures and BMD at lumbar (equivalent to 20mg F) and - New vertebral fractures
1998; 129:1-8. - L - . _ 7.6% lower in MFP +
spine and total hip in 1000mg calcium daily (n=84) for . _
. - _ calcium group (p=0.05).
postmenopausal women with 4 years or calcium only (n=80). LY
moderately low BMD 10% women in each group BMD spine increased
) ived HRT 10%+1.5% at 4 years for
receive : MFP + Ca compared to Ca
alone (p<0.001).
BMD total hip increased
1.8%+0.6% for MFP + Ca
(ns)
Ringe JD et al. Avoidance of Prospective controlled N=64, men with no previous Positive increase BMD at all Moderate 1
vertebral fractures in men with randomised 3-year study of vertebral fractures mean age sites with MFP 114mg/day, study

idiopathic osteoporosis by a
three year therapy with calcium
and low-dose intermittent
monofluorophosphate.
Osteoporos Int 1998; 8:47-52.

intermittent low-dose fluoride
with continuous calcium 950-
1000mg/day on bone mass and
future fracture events in men
with idiopathic osteoporosis

53y received either MFP
114mg/day 3months on plus
calcium 950mg 1 month off
plus calcium 1000mg or
calcium 1000mg alone. BMD
measured in lumbar spine,
radius and proximal femur.

decrease vertebral fractures

with trend for decrease non-

vertebral fractures.

- MFP group BMD increased
at all sites (+1.2% to
+8.8%), calcium only
moderate decreases BMD (-
1.4% to —5.2%).

At 3y BMD signif higher at
all sites for MFP than
calcium only.

Vertebral fractures signif
higher for calcium only and
non-vertebral fractures
higher but not signif
different.

Chapter 5

89




TUMORS AND CANCERS
Bone Cancer Studies- fluoridated water

Tumors of bones and joints occurs in less than 1 person in 100,000. The cancer
incidence peaks in adolescence following the bone growth spurt, increasing
gradually with age and occurring earlier in females. Osteosarcoma is rare and the
incidence varies with age. In US 35.7% of all malignant bone tumors that occur in
first decade are osteosarcomas, 69.6% in second decade, 24.5% in third and
4.3% in fourth. Male patients predominate in ratio 3 males to 2 females. Risk
factors include radiation (high doses of radium), viral action and genetic factors.

Concerns of the potential carcinogenic effect of fluoride have focused on bone
cancers due to the known accumulation of fluoride on bone. There have been 5
studies of bone cancer and water fluoridation published since 1991, none were
pivotal studies though 3 were case control studies (McGuire et al, 1991; Gelberg,
1995; Moss 1995) and the remaining two were ecological studies (Mahoney et al,
1991; Freni & Gaylor, 1992). No case-controllled studies showed a positive
association for bone cancer and exposure to fluoridated water, two demonstrated
a weak protective trend against osteosarcoma (McGuire et al, 1991) and another a
protective trend for males (Gelberg, 1995). Mahoney and co-workers (1991)
studied time trends in the incidence of bone cancers from 1955 to 1987 and
found no significant difference in the average annual sex and age specific
incidence of bone cancer and osteosarcoma in fluoridated and non-fluoridated
areas whilst Freni and Gaylor (1992) in their time trend analysis from 1958 to
1987 demonstrated a significant increase in the cumulative risk of bone cancer
for males aged 10-29 however this was unrelated to water fluoridation.

Other Cancers- fluoride exposure

There were two studies of other cancers and fluoride exposure since 1991
including a pivotal study. Grandjean and co-workers (1992) reported a weak
positive trend for lung, larynx and bladder cancers in an occupational cohort
exposed to cryolite ore which contains 50% fluoride and no suspected
carcinogenic impurities. The estimated daily fluoride exposure was 35mg. This
study however did not consider other confounders such as smoking.

The second ecological study demonstrated a positive trend for fluoridated water
exposure and uterine cancer (Tohyama, 1996). The association remained
significant after adjusting for some potential confounders such as tap water
diffusion rate, primary industry population ratio, income gap, stillbirth rate and
divorce rate. However time trends for 5 year intervals showed a decline in
mortality rates for both fluoridated and non-fluoridated municipalities with a
steeper decline in fluoridated towns suggesting an association with other risk
factors.

Jackson and co-workers (1997) studied sister chromid exchange frequency in
adult long-time residents (>30years) of three communities with water fluoride
levels of 0.2ppm, 1.0ppm and 4.0ppm as a marker of adverse physiologic and
genotoxic effects of fluoride. Although the 4ppm community has statistically
higher sister chromid exchange frequency this was not related to the fluoride level
of the communal water as almost half the adults recruited had used well water
with a fluoride content of <O0.3ppm.
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Conclusions

Insufficient evidence to establish a link between water fluoridation and
increased risk of bone cancer

Insufficient evidence to establish a link between fluoridation and
increased risk of other cancers

Weak positive trend for increase in lung, larynx and bladder cancers
following occupational exposure to cryolite

Chapter 5

91



Bone cancer studies - Fluoridated water

Study

Type of Study

Population

Positive/Negative Study.
Qutcome

Pivotal

Rating

Mahoney MC et al. Bone cancer
incidence rates in New York
State: Time trends and
fluoridated drinking water. Am J
Public Health 1991; 81:475-9.

Ecological study of bone cancer
incidence rates between 1955-
87 in fluoridated and non-
fluoridated areas.

N=3,166 bone cancers in
residents of New York State
excluding New York City from
Cancer registry. Floridated
areas divided into Standard
Metropolitan Statistical Areas
(SMSRA) and nonSMSA.

Negative association for bone

cancer with water F exposure

apart from limited secular

increases in bone cancer and

osteosarcoma cases

. Increase in bone cancer
incidence for persons <30
years 1955-87, 54%
increase in males (p=0.002),
44% increase females
(p=0.07). Signif after 1969
for males.
Decrease in incidence for
persons >30y at diagnosis
1955-87, 44% decrease in
males (p=0.0001), 33%
decrease females
(p=0.0001).
Bone cancer incidence rates
per million for males <30y
9.7 non-F, 9.0 for F SMSA,
and 11.3 F nonSMSA. For
>30y 12.4, 10.4, 9.0.
For females <30y 6.7 non-F,
6.4 for F SMSA, and 4.3 F
nonSMSA. For >30y 7.0,
8.0, 6.7.
Osteosarcoma incidence
rates per million for males
<30y 4.4 non-F, 4.3 for F
SMSA, and 4.9 F nonSMSA.
For >30y 3.3, 2.9, 2.9.
For females <30y incidence
rates 3.2 non-F, 2.5 for F
SMSA, and 2.0 F nonSMSA.
For >30y 2.4, 2.2, 1.5.
Average annual age
adjusted incidence

Moderate
study

F exposure
based on
residential
history.
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osteosarcomas (1976-87)
not different for F and non-F
areas.

McGuire SM et al. Is there a Matched case control study of N=22 age <40y at diagnosis Negative with trend for Weak study. 11-2
link between fluoridated water osteosarcoma patients and identified from University of protective effect for water F Small
and osteosarcoma? J Am Dental | matched hospital-based lowa Cancer Registry and exposure and osteosarcoma. sample size.
Assoc 1991; 122:39-45. controls and fluoride residential | Orthopedics Division, St - Fluoride not a risk factor in | F exposure
histories. Josephs Hospital, Omaha the study population. based on
diagnosed between 1980-90 Years cases and controls residence.
and n=22 age, sex and spent at or above 0.7ppm
residence at diagnosis matched OR=0.14 (C1 0.02-1.22).
hospital based controls from Average lifetime exposure of
Orthopedic department_ cases and controls OR=0.33
(C1 0.04-2.5).
Exposure at or above
0.7ppm for first 15years of
life OR=0.33 (CI 0.04-2.5).
A trend towards a protective
effect against osteosarcoma
in those consuming F water
may exist.
Freni SC, Gaylor DW. Ecological study of cumulative 40 cancer registries in USA, Negative bone cancer Moderate v
International trends in the risk of bone cancer in Canada, Europe, UK, Australia | unrelated to water F. study
incidence of bone cancer are not | population. Time trend analysis. | and New Zealand for bone - Increased cumulative risk of | Changes in
related to drinking water cancer in 0-74y white males bone cancer in young males | coding eg
fluoridation. Cancer 1992; and females from 1958-87 from in Canada, Europe, USA bone
70:611-8. populations of 150 million Decreased lifetime risk for metastases
persons. either sex in Europe. possibly
Decrease in mortality/ miscoded as
incidence ratio primary bone
cancers.
Gelberg KH et al. Fluoride Population based case-control N=130 cases osteosarcoma <24 | Negative for water F exposure | Weak study -2
exposure and childhood study of total lifetime fluoride years diagnosed 1978-88 in and osteosarcoma and may be
osteosarcoma: a case control exposure (F water, toothpaste, New York State and controls. protective in males.
study. Am J Pub Health 1995; tablets, dental treatments) and - No significant association
85:1678-83. childhood osteosarcoma. between total F exposure
Controls randomly selected and osteosarcoma among
from Department of Health birth all subjects or females.
records. Significant protective trend
observed in males (p=0.02).
Protective trend for fluoride
toothpaste, tablets, dental
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treatment amongst all
subjects (p=0.06, p=0.03,
p=0.06) and males (p=0.01,
p=0.08, p=0.04).

Moss ME et al. Osteosarcoma, Case control study of N=167 (84 males, 83 females) No association with water F Weak study -2
seasonality, and environmental | environmental association cases osteosarcoma and exposure and osteosarcoma. F exposure
factors in Wisconsin, 1979-1989. | petween drinking water fluoride | age/race matched controls were | -+ Strong association for based on
Arch Environ Health waterborne radiation (>9 brain and nervous system osteosarcoma and residence | residence.
1995,50:235-41. picoCuries/| alpha radiation), cancers n=647or digestive in population <9,000
community population size with | system cancers n=342 from adjusted OR= 1.6 (95% CI
occurrence of osteosarcoma. Wisconsin Cancer Reporting 1.1-2.4).
System 1979-89. Exposure Association between month
based on listed place of birth and osteosarcoma in
residence. Public water for those <25 years (OR=1.91,
Wisconsin range 0.1-2.4ppm F. 95% CI 1.1-3.4).
F exposure coded as <0.7ppm No association between
or >0.7ppm. Natural water F water F exposure and
conc correlated with natural osteosarcoma (OR=1.0, CI
radium conc. 0.6-1.5)
Weak association for
waterborne radiation and
osteosarcomaOR=1.4 (CI
0.8-2.8)
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Other cancer studies- Fluoride exposure

Study Type of Study Population Positive/Negative Study. Pivotal Rating
Outcome
Grandjean P et al. Cancer Cohort study of occupational 425 men and 97 women Negative for F exposure and * -2
incidence and mortality in fluoride exposure and cancer employed for >6months between | bone cancer weak positive Pivotal-
workers exposed to fluoride. J mortality. 1924-1961 at Copenhagen trend for lung, larynx and extreme
Natl Cancer Inst 1992; 84:1903- cryolite processing plant, bladder cancers. exposure
9. Denmark. Cryolite ore contains | - 300 deaths occurred 223 group ie
50% fluoride and no suspected expected from all causes. occupational
carcinogenic impurities- daily 82 males died from cancer, |
absorption estimated at 35mg F 55.8 were expected. confounder-
or 0.5mg/kg. 119 of 423 males developed smoking
cancer, 103.6 were
expected
Excess incidence of lung (35
men, standard incidence
ratio SIR-1.35), larynx (5
men, SIR 2.29) and urinary
bladder (17 men, SIR 1.84)
cancers.
No cases of bone cancer
observed (0.2 expected)
Tohyama E. Relationship Ecological study of fluoride N=47,599 in Okinawa Positive trend for water F Weak study v
between fluoride concentration concentration in drinking water | prefecture, Japan. Mean water | exposure and uterine cancer. | Other
in drinking water and mortality | jn 20 municipalities and uterine | F in 20 municipalities 1968-80 | -  Signif positive correlation counfounder
rate from uterine cancer in cancer mortality rate. range 0.02-0.37mg/1). Some between water F seg
Okinawa Prefecture, Japan. J municipalities fluoridated to concentration and uterine smoking,
Epidemiol 1996; 6:184-91. 0.7-0.8mg/| 1945- 1972. cancer mortality (r=0.626, | dietary
p<0.005). patterns,
Association with F conc sexual
considerably higher after activity not
adjusting for confounders considered.
(p<0.001).
Time trends in uterine
cancer mortality rate related
to changes in water F
practices.
Mortality in fluoridated
areas higher during water F
and nearly identical to non-
F after ceased.
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OTHER ADVERSE EFFECTS

Reproductive Toxicity

Fluoride has been implicated in a number od adverse outcomes relating to fertility
and pregnancy. There have been 3 studies of fluoride exposure and reproductive
toxicity published since 1991 two of which were case controlled studies
(Aschengrau et al, 1993; Susheela & Jethanandani 1996) though 1 had a small
sample size. The studies on reproductive toxicity indicated a weak trend for lower
neonatal deaths with increasing fluoridated water exposure (Aschengrau et al,
1993), a trend for reduced fertility (Freni, 1994) and decreased testosterone levels
with increased water fluoride levels (Susheela & Jethanandani 1996).

Gastro-Intestinal Toxicity

One of the major unwanted effects of fluoride treatment of osteoporosisis on the
gastrointestinal tract. Sodium fluoride has direct toxic effects on the
gastrointestinal tract and causes direct gastric irritation that may be severe with
gastrointestinal bleeding or ulceration. Sodium monofluorophosphate appears to be
better tolerated by the stomach (Muller et al, 1992).

Two small case control studies reported and association between high water
fluoride exposure and gastro-duodenal manifestations and abnormalities (Gupta et
al, 1992; Dasarathy et al, 1996). This is consistent with reports of gastrointestinal
symptoms which are found in 45% population living in endemic areas of fluorosis
compared to 2% of the general population.

Hearing

Otosclerosis is a condition where there is formation of spongy bone in the bony
labyrinth of the ear. Patients with non-operated otosclerotic ears drinking
fluoridated water had better hearing levels than those drinking low fluoride
water(Vartiainen et al 1994; Vartiainen & Vartiainen 1996). Another study
demonstrated weak positive relationship for fluoridated water exposure and
otosclerosis (Vartiainen & Vartiainen 1996)

Conclusions

Insufficient evidence to establish a link between reduced fertility and
fluoride exposure.

An association was demonstrated between high water fluoride levels and
adverse gastro-duodenal effects

No evidence that optimally fluoridated water is associated with gastro-
intestinal symptoms

Beneficial effect of fluoridated water and hearing levels in otosclerotic
ears
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Reproductive Studies- Fluoridated water

Study Type of Study Population Positive/Negative Study. Pivotal Rating
Qutcome
Aschengrau A, Ziergler S, Case control study from same Cases women delivering infants | Negative no significant Weak 11-2
Cohen A. Quality of community | population. Compared water with congenital anomalies associations with water F study
drinking water and the quality indices and trace (n=1039), stillborns (N=77), trend for lower neonatal Little
g‘;gg:aerr]‘g; gzt'gﬁzgvi:iﬁ elements from public water (Cl, | neonatal deaths (n=55) and ge:;gcs)svl\ji:eh increasing water | yariation in
a ' Pb, K, Ag, F, Cr) and congenital randomly selected controls - . water F
Environ Health 1993; 48:105-13 | 5,5 majies, stillbirths and (n=1177) delivered between - Frequency major levels.
neonatal deaths. August 1977-March 1980 at malformations and water F | njedian
Brigham & Woman's Hospital, adjusted OR=0.7 (95% ClI 1mg/l,
Massachusetts, USA. Drinking 0.5-1.2) highest level
water quality based on Frequency neonatal deaths | 1 gmgy|.
residential address at time of decreased relative to
pregnancy or during first fluoride levels (OR 0.4, 95%
trimester. Cl 0'2'?"9)' L
No statistically significant
associations found with
water F.
Freni SC. Exposure to high Ecological study of effect 1,513,023 women 10-49y in 30 | Positive trend for reduced Weak study v
fluoride concentrations in fluoride on birth rates. regions of 8 US States. Index fertility with increased water Used
drinking water is associated with counties had fluoride of at least | F population
decreased birth rates. J Toxicol 3ppm. Annual total fertility - Overall negative means
Environ Health 1994; 42:109- rates (TFR) calculated 1970-88. association between TFR rather than
21. and fluoride levels individual
(p=0.0002-0.0004). data, other
Suggests reduced total confounders
fertility rate associated with
increasing fluoride levels.
Susheela AK & Jethanandani | Case-control study of N=30 male patients in New Positive trend for decreased Weak study -2
P. Circulating testosterone levels | testosterone levels in patients Delhi, healthy male controls (l) testosterone levels and high F
in skeletal fluorosis patients. J with skeletal fluorosis (n=26) consuming water F exposure. Small
Toxicol Clin Toxicol, 1996; 34: consuming water F=1.5- <1ppm (0.1-0.9ppm), and - Urinary and serum F fluorosis | sample size,
183-9. 14.5ppm, with two controls. controls (II) living same house patients (3.5ppm, 0.24ppm) | age patients
as patients and Consuming not Slgnlf diffel’ent to Control ] greater
same water but without clinical (3.2ppm, 0.19ppm) both signif | than control
manifestations of skeletal different control I (0.4ppm, I. Skeletal
fluorosis (N=16). Patients from 0.05ppm) p<0.001, p<0.001. | fluorosis
water F 1.5-14.5ppm areas. Serum testosterone levels is very high
signif lower in patients F exposure
(16.1nmol/L) than controls | group.
Reproductive
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(24.8nmol/L) (p<0.01).
Same residence controls Il
testosterone levels
(20.3nmol/L) signif lower
than controls (1) p<0.05 but
higher than patients (ns).
Suggest fluoride toxicity
may adversely effect male
reproductive system.

ability not
measured
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Gastrointestinal studies - Fluoridated water

Study Type of Study Population Positive/Negative Study. Pivotal Rating
Outcome
Gupta IP et al. Fluoride as a Prospective case controlled 20 consecutive patients with Weak Positive for high F Weak study -2
possible aetiological factor in study of fluoride and non-ulcer | NUD attending an Indian intake and non-ulcer Small
non-ulcer dyspepsia. J dyspepsia (NUD). gastroenterol clinic June 1988- | dyspepsia. sample size
Gastroenterol Hepatol 1992; 89 and 10 age, sex matched - F levels signif higher
7:355-9. healthy volunteers. Water (p<0.05) in patients with
sources: tap 0.3ppmF, hand NUD.
pump 1.33ppmF, tube well 20% NUD patients had
1.5ppm F. osteoflurosis
Significantly more
histological abnormalities in
antral and duodenal
mucosa, electron
microscopic abnormalities
in mucosal cells in NUD.
Serum and urine F levels
correlated with symptoms,
histological and electron
microscopic abnormalities
(p<0.05).
Dasarathy S et al. Gastro- Prospective case controlled N=10 skeletal fluorosis patients | Weak Positive for high F Weak study -2
duodenal manifestations in study of GI symptoms and from Dept Orthopaedics, India intake GI symptoms and Small
patients with skeletal fluorosis. J | mucosal abnormalities in June 88-89 mean water F abnormalities. sample size
Gastroenterol 1996; 31:333-7. patients with osteofluorosis. 4.9ppm (ground water) and 10 | - Significantly higher serum F | high water F
age, sex matched healthy mean 0.12ppm for cases exposure

volunteers mean water F
0.34ppm (municipal water).

and 0.04ppm for controls.
Significantly higher urine F
mean 2.08ppm for cases
compared to 0.064

Gl symptoms and electron
microscopic mucosal
abnormalities present in all
patients and no controls

Gl symptoms found in 45% of the population living in endemic areas of fluorosis compared to 2% in general population
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Otosclerosis Studies- Fluoridated water

Study Type of Study Population Positive/Negative Study Pivotal/ Rating
Qutcome Comment
Vartiainen E et al. Effect of N=280 patients with Positive effect for F water on Moderate
drinking water fluoridation on osteosclerosis living in low F non-operated otosclerotic
the hearing of patients with area compared to patients ears, no significant effect on
otosclerosis in a low fluoride drinking F water. Follow up of hearing levels of operated
area: a follow-up study.Am J 9.6 years ears.
Otol 1994, 15: 545-8. Air conduction thresholds of
non operated ears in
patients in low F area
significantly worse than
patients drinking F water
Significant differences in
bone conduction thresholds
at 2 and 4kHz.
Vartiainen E & Vartiainen J. N=150 patients with surgically | Positive effect for F water on
The effect of drinking water proven otosclerosis followed for hearing levels of non-operated
fluoridation on the natural a mean of 8.8 years otosclerotic ears
course of hearing in patients - Air conduction thresholds of
with otosclerosis. Acta patients drinking F water
Otolaryngol Stockh 1996; 116: significantly better than
747-50. patients drinking low F
water
Significant differences in
bone conduction thresholds
at 1, 2 and 4kHz
Vartiainen E, Vartiainen T. Cross sectional comparative N=207 patients with Inconclusive for higher Weak study | IV
Effect of drinking water study of prevalence otosclerosis | otosclerosis born between 1948- | incidence otosclerosis with Otosclerosis
fluoridation on the prevalence of | and water F exposure 62 and living Kuopio, n=164 low F exposure. usually in
otosclerosis. J Laryngol Otology responded to questionnaire. - Overall prevalence 15-35yo0,
1997, 111:20-22. Kuopio water F=1ppm from otosclerosis 0.33%. youngest
1959-92 rest Finland water F Prevalence 0.35% patients in
0.02-0.32ppm. individuals exposed water F | this study
and 0.32% drinking low-F 33y.
water
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CHAPTER SIX
ESTIMATES OF FLUORIDE INTAKE IN DIFFERENT AGE GROUPS

Introduction

In the 1930s and 40s, the natural source of fluoride exposure was almost
exclusively from drinking tap water. This meant that the intake of fluoride could be
calculated reasonably accurately by measuring water consumption. Fluoride
supplement tablets or drops were intended to provide an equivalent amount of
fluoride to those living in fluoride-deficient areas. Since then, the availability of
fluoride has changed significantly because of ingestion of fluoride from fluoride-
containing dental products, the halo effect”whereby food and beverages which are
processed in a fluoridated area are consumed in a non-fluoridated region, the
consumption of beverages including bottled water whose fluoride content may be
quite different from that of the tap water, and the use of water purification systems
in the home. Therefore, the concentration of fluoride in drinking water is only one
component of the total fluoride intake for an individual.

Several studies have gquantified the fluoride intake from food and drink,
based on an analysis of food consumption data derived from standard food tables,
dietary surveys, diet records or market basket surveys. All of these methods have
estimated the quantity of each food consumed. Others have used a duplicate-diet
method, whereby duplicate portions of all food and drinks consumed by the subject
are collected and then analysed for nutrients. This method gives more accurate data
on food consumption and nutrient intake but is time-consuming and labour-
intensive.

Studies to measure fluoride ingestion from toothpaste by children indicate
that toothpaste is a major source of fluoride in children under the age of seven.
Topical fluoride applications are used by dentists and fluoride mouthrinses are
available for home use, both of which contain very high fluoride concentrations.
Swallowing even a small amount of these substances would result in a considerable
dose of fluoride.

In an attempt to demonstrate the relative contribution of various fluoride
sources to total fluoride ingestion at different ages and to examine whether total
fluoride intake exceeds recommended guidelines, we have compiled estimates of
intake in fluoridated and non-fluoridated areas for children and adults (Tables 1-4).

Fluoride intake from birth to 7 years of age may influence the deposition of
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fluoride in enamel but the crucial age for fluoride intake as a risk for dental
fluorosis is 22-26 months (Evans and Stamm, 1991) Therefore, scenarios of intake

around this age were given greater attention (Tables 1 and 2).

Recommendations from professional bodies regarding fluoride intake

In 1986, the American Academy of Paediatrics stated that for optimal dental health

benefits the total daily intake of fluoride should be 0.05-0.07 mg fluoride per kg

body weight, and to avoid the risk of dental fluorosis should not exceed 0.10 mg

fluoride per kg body weight (American Academy of Pediatrics, 1986). This is based

on estimates of fluoride intake associated with minimal fluorosis (Burt, 1992).

Estimating children’ fluoride intake from all sources

Certain assumptions were made in compiling the tables of fluoride intake. These

include :
Children one year and younger are either exclusively breast-fed or receive a
similar quantity of infant formula and receive no cow3 milk. In reality, many
infants are breast-fed for a number of months and are then weaned on to infant
formula so their intake would be intermediate between that of a breast-fed and
that of a formula-fed baby. Some infants are introduced to cow3’ milk earlier
than one year of age and some are formula-fed or breast-fed for much longer
than one year. In calculating the fluoride content of infant formula in a non-
fluoridated area, we have used the figures from Silva and Reynolds for formula
reconstituted with water containing 0.1 ppm. This would be less than that
obtained if water 0.2 ppm had been used but no adjustment has been made for
this.
Children younger than 9 months of age do not use fluoridated toothpaste and
all children 9 months of age or older use 0.25-0.5 mg of a 1000 ppm
toothpaste per day with approximately 50% of this being ingested. In reality,
toothbrushing may be commenced at six months of age or even earlier and
the practice increases with age so that the majority of infants receive some
fluoride dentifrice before the age of one year (Levy et al, 1997). The amount of
toothpaste used by children under 4 years of age has been measured in
several studies and varies from nil to 3 grams of paste per brushing (Levy et
al, 1995). The proportion that is swallowed by children is also highly variable,

tends to decrease with age and has been estimated to be 60% in 2-year-olds
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(Simard et al, 1989) and 40-50% in 3-4-year-olds (Dowell, 1981; Naccache et al,
1992) so a factor of 0.5 for all children 4 years of age and under is probably
conservative.

All water-based beverages in a fluoridated area contain fluoride (reference values
of 0.88 used) and water-based beverages in non-fluoridated area have fluoride
content similar to that of the water supply. However, it is well-established that
beverages and foods manufactured in one area are distributed and consumed in
a variety of areas such that a halo’effect occurs.

All children living in a non-fluoridated area comply with the recommended
fluoride supplement schedule and conversely, no children in an optimally-
fluoridated area receive inappropriate fluoride supplements. The supplement
schedule used for this report follows the NHMRC Dental Health Committee
Discretionary Fluoride Panel recommendations 1993 since although this has not
been formally adopted by the NHMRC, it has been adopted by the Australian
Dental Association. This schedule recommends 0.25 mg, 0.5 mg and 1.0 mg
fluoride for children 6 months-4 years, 4-8 years and 8+ years, respectively.

No allowance has been made for ingestion of fluoride from topical applications of
fluoride used by dentists or from fluoride mouthrinses since accurate figures for
the use of these products could not be obtained and their use is likely to be
highly variable.

Sources for data used in intake tables
Fluoride intake from the atmosphere, water and other beverages, diet, supplements
and toothpaste was calculated from referenced sources, using Australian data,
when available (Tables 1,2 and 4). Since intake from different sources was derived
from the current literature and since the estimates for each component vary
considerably depending on the source, we have attempted to choose the most
commonly reported figures or an estimated mean of values from a variety of papers
and reviews from several countries. Children’s intake of various beverages and
dietary components is highly variable at any given age, so the averages used may
overestimate or underestimate an individuals consumption.

Air fluoride levels in Australia are not available as the Environmental
Protection Agency (EPA) Air Monitoring Data does not include fluoride; therefore, a

reference value was used.
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Representative daily diets for 9-month old infants, 2 year-old toddlers, girls
and boys aged 12 and women and men aged 25-34 are available from the
Australian Market Basket Survey 1994. However, only fluoride levels in infant
formulae and tea were measured in 1986 and 1987, respectively and no fluoride
assessment was available since then. Therefore fluoride concentration of food
groups as determined by Taves (Taves , 1983) (Table 3) was used to calculate
dietary fluoride intake (Whitford, 1996). This data was used for the beverage and
dietary component of table 4. Since there was a lack of specific Australian beverage
and food consumption data, figures from publications for age groups not specifically
dealt with in the AMBS were used. Fluoride intake from the use and ingestion of
toothpastes and fluoride supplements was also determined for each child, using
referenced sources and current guidelines for supplement use.

Virtually all foodstuffs contain traces of fluoride and high amounts can be
found in dried tealeaves and seafood. Therefore, tea intake was considered
separately from other beverages. The concentration of fluoride in infant milk
formulae in the USA pre-1980 was high - ready-to-feed products contained up to
0.86 ppm in Eastern and Mideastern USA, 0.38 (milk-based) and 0.92 (soy-based)
in lowa; and concentrated liquid formulae in USA and Canada contained 0.62 ppm.
A voluntary reduction by manufacturers in the concentration of the water used in
processing infant formulae to < 0.15 ppm F has been adopted as all products in 2
studies since then contained less than 0.38 ppm F when reconstituted with
deionized water. In Australia, no such policy exists. Silva and Reynolds, 1994,
measured F concentration in the 11 more commonly used formulae. Milk-based
formulae contained 0.23 to 3.71 ng F/g and soy-based formulae contained 1.08 to
2.86 ng F/g. When made up according to the manufacturers” instructions, the
concentrations varied from 0.131-0.632 ng/mL or 1.031-1.532 ng/mL when
reconstituted in water containing 0.1 ppm F or 1.0 ppm F, respectively and these
values were therefore used.

In Australia, fluoride concentrations in natural water are typically <0.1 mg/L
but can range from <0.05-1.5 mg/L, while areas with fluoridated water, which
include about two-thirds of the population, have concentrations which range from
0.6-1.0 mg/L (1 mg/L is equivalent to 1 ppm). The scenarios of intake in tables 2
and 4 assume a water fluoride concentration of 1 ppm while table 1 assumes a

water fluoride concentration of 0.2 ppm.
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Table 1. Estimated daily intake of inorganic fluoride by children from birth to age 4 in a non-fluoridated area with a

natural water fluoride content of 0.2 ppm in Australia (hg/kg body weight/day)

Route of 3 months 6 months 9 months 1year (9.9 |2 years(12.4 | 3 years (14.5 | 4 years (16.5
Exposure (5.7 ko) (7.4 ko) (8.9 kg) kQg) kQg) kQg) kg)

Aira 1.75 1.35 1.12 1.01 0.81 0.69 0.6
Drinking water® | O 1.62 2.02 2.42 3.22 2.76 2.42
Other water- 1.47 2.27 2.83 3.39 4.52 3.86 3.39
based fluidse

Milkd 0 0 0 0 1.0-2.0 0.86-1.72 0.76-1.52
Breast Milke 0.66 0.44 0.33 0.3 0 0 0
Formulaf 19.65-94.8 17.03-82.16 9.8-47.22 8.8-42.45 0 0 0

Solid Foodsy 0 7 7 7 20 17 15
Supplementsh 0 33.8 28.1 25.25 20.16 17.24 30.3
Dentifricesi 0 0 11.2-28 10.1-25.25 | 8.1-20.25 6.9-17.25 6.1-15.25
Total Intake 3.9 46.5 52.6-69.4 49.5-64.6

breast-fed

infants

Total Intake 23-98 63-128 62-116 58-107 58-71 49-61 59-68

formula-fed

infants

Chapter 6




Table 2. Estimated daily intake of inorganic fluoride by children from birth to age 4 in a fluoridated area with a water

fluoride content of 1.0 ppm in Australia (ng/kg body weight/day)

Route of 3 month (5.7 | 6 months 9 months 1year (9.9 |2 years(12.4 | 3 years (14.5 | 4 years (16.5
Exposure kQg) (7.4 kg) (8.9 ko) kQg) kQg) kQg) kg)
Aira 1.75 1.35 1.12 1.01 0.81 0.69 0.6
Drinking water? 0 8.1 10.1 12.1 16.1 13.8 12.1
Other water- 4.63 7.14 8.9 10.67 14.2 12.14 10.67
based fluidse
Milkd 0 0 0 0 1.0-2.0 0.86-1.72 0.76-1.52
Breast Milke 1.47 0.98 0.73 0.66 0 0 0
Formulaf 154.65-229.8 | 134.03- 77-114.5 69.25-102.9 | 0 0 0

199.16
Solid Foodsy 0 7 7 7 20 17 15
Supplementsh 0 0 0 0 0 0 0
Dentifricesi 0 0 11.2-28 10.1-25.25 | 8.1-20.25 6.9-17.25 6.1-15.25
Total Intake 7.9 25 39-56 42-57
breast-fed
infants
Total Intake 161-236 158-223 115-170 110-159 60-73 51-63 45-55

formula-fed

infants
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Weights derived from approximate mean of girls and boys weights at the 50th centile on growth curves as recommended by
NHMRC. (Hamill PVV)

a.

Chapter 6

fluoride exposure from the atmosphere contributes about 0.01 mg/day to the total daily intake of persons who are not in
heavily polluted areas (Hodge and Smith, 1977; Smith and Hodge, 1979).

water intake for 6, 9, and 12-month-old estimated to be 60, 90 and 120 mL/day, respectively (adapted from Levy et al, 1995).
Water intake for 2-4 year-old estimated to be 200 mL/day.

based on juice consumption of 30, 60, 90 and 120 and 200 mL/day for 3, 6, 9, 12-month-old and 2-4 year-old children
respectively. Mean juice fluoride content assumed to be 0.88 ppm in fluoridated area, compared with 0.28 ppm non-
fluoridated.

. based on milk consumption of 250-500 mL/day for 1-4 year-olds and a fluoride concentration of 0.05 ppm (Levy et al, 1995).

Based on breast milk consumption of 150 mL/kg in a 3-month old infant, 100 mt/kg in a 6-month old and 665m-/day (AMBS,
1994) in a 9-month and one-year old toddler at the 50t centile for weight and a fluoride concentration of 4.4 ng/g in a non-
fluoridated area and 9.8 ng/g in a fluoridated area (Dabeka et al, 1986) and assuming that the density of breast-milk is
1g/mL.

based on fluoride content of infant formulae (Silva and Reynolds, 1996) i.e. 0.131-0.632 mcg/mL or 1.031-1.532 mcg/mL
when reconstituted in water containing 0.1 ppm F or 1.0 ppm F, respectively.

Based on range of intakes from lowa Fluoride Study and other selected studies for relevant age groups in Levy 1995.

. based on NHMRC Dental Health Committee Discretionary Fluoride Panel recommendations 1993 and as adopted by the

Australian Dental Association (Policy Document 1C, 1996).
Based on the use of 0.2-0.5 mg/day of a 1000 ppm toothpaste by children 9 months of age and older and the assumption
that approximately 50% of the toothpaste is swallowed. (Levy, 1997; Simard et al, 1991).



Table 3. Dietary fluoride intake (mg) calculated using dietary intake
data from the 1994 AMBS

Food Groupsa Average | Weight of food intake Calculated fluoride intake (mg)c
F (grams/day)e
concentr
ation,
ppm2
9- 2- 12- Adult 9- 2-year- 12-year- | Adult
month | year- year- man month- old old boy man
-old old old old toddler
infant | toddle | boy infant
r
Dairy Products | 0.25 32.9 28.4 64.6 59.2 .008 .007 .016 .015
Meat, fish, 0.22 44 .4 81.6 167.5 | 293.8 .01 .018 .037 .065
poultry
Grain and 0.42 47.2 95.9 211.4 | 291.6 .02 .04 .089 122
cereal
products
Potatoes 0.49 13.6 25 116.7 147.3 .007 .012 .057 .072
Leafy 0.27 25.8 20.8 45.5 113.2 .007 .006 .012 .031
vegetables
Legume 0.53 7.0 8.4 33.2 40.2 .004 .004 .018 .021
vegetable
Root 0.38 11.0 6.8 14.3 47.5 .004 .003 .005 .018
vegetables
Fruits 0.06 58.3 151 102.9 | 1454 .003 .009 .006 .009
Oils and fats 0.25 3.2 8.0 19.2 24.2 .001 .002 .005 .006
Sugar and 0.28 13.9 38.7 126.6 | 78.3 .004 .011 .035 .022
adjunct
Beverages 0.76 35.4 123.9 223.5 | 562.1 .027 .094 .170 427
Cows milk 0.05 665 398.5 | 435.6 | 365 .033 .02 .022 .018
Tead 2.69 0 0 69.6 867.3 0 0 .187 2.33
Nonclassifiable | 0.59 12.4 0 18.9 37.1 .007 0 .011 .022
Total (diet 0.102 0.206 0.461 0.83
excluding milk
and tea)
Total (diet 0.135 0.226 0.67 3.178
including milk
and tea)

a Fluoride concentration of food groups taken from Whitford GM
Monographs in Oral Science Vol 16, 1996. The Metabolism and Toxicity of
fluoride using data from Taves (1983).

b Weights of food groups calculated by adding the individual weights of foods
in that category from the 1994 AMBS average energy diets.

¢ Fluoride content calculated by multiplying the weight of food (kg) by the
fluoride concentration (ppm = mg/kg)

d The market basket (noxious substances) survey 1986 analysed 19 samples
of tea made with water having a mean fluoride content of 1.1 ppm. The mean
fluoride level was 2.69+0.33 mg/L.

e Non-classifiable foods included nuts and some snack foods
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Table 4. Estimated daily intake of inorganic fluoride by infants,
toddlers, boys age 12 and adult men in a fluoridated area, using dietary
data from the Australian Market Basket Survey (ng/kg body weight/day)

Route of Infant Toddler Boy Man (70kg)
Exposure (8.9kQ) (12.4 kg) (40kg)
Aira 1.12 0.81 0.25 0.14
Drinking 10.1 16.1 24.2 5.7
waterb
Other water- 3.0 7.6 8.9 39.4
based fluidsec
Milkd 0] 1.6 0.55 0.3
Breast Milke 0.73 0 0 0
Formulaf 77-114.5 0 0 0
Solid Foodsy 8.4 7.4 7.3 5.8
Supplementsh | O 0 0 0
Dentifricesi 11.2-28 8.1-20.25 25 14.3
Total 34.55- 41.61-53.76 | 66.2 65.64
165.12

Weights derived from approximate mean of girls and boys weights at the 50th
centile on growth curves as recommended by NHMRC. (Hamill PVV)

a fluoride exposure from the atmosphere contributes about 0.01 mg/day to
the total daily intake of persons who are not in heavily polluted areas (Hodge
and Smith, 1977; Smith and Hodge, 1979).

b water intake was not avilable from the AMBS therefore, figures for 9-
month-old and 2-year-old are as in Table 2. Water intake of 12 year-old boy
279mL (National Dietary Survey 1983). Water intake of adult man estimated
to be 400 mL.

¢ water-based fluid intake equals beverage and tea intake from AMBS data
d milk intake equals cows milk from AMBS data

e and f breastmilk and formula volumes from AMBS data

g Solid foods calculated from AMBS data

h based on NHMRC Dental Health Committee Discretionary Fluoride Panel
recommendations 1993 and as adopted by the Australian Dental Association
(Policy Document 1C, 1996).

i Based on the use of 0.2-0.5 g/day of a 1000 ppm toothpaste by infant and
toddler and the assumption that approximately 50% of the toothpaste is
swallowed (Levy, 1997, Simard et al, 1991) and the use of 1.0 g/day of a
1000 ppm toothpaste by 12-year-old and adult with 10% swallowed.
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Comments on fluoride intake in children (Tables 1 and 2)

From the tables of intake, one can see that in a non-fluoridated area, the
major source of fluoride in formula-fed infants is formula while fluoride
supplements and dentifrice may contribute to a significant extent after the
age of six months. Breast-fed infants in a non-fluoridated area have minimal
fluoride intake prior to the introduction of fluoride supplements at six
months of age. As the child in a non-fluoridated area grows older,
supplements, food and toothpaste contribute approximately one-third of the
intake each.

The situation for infants in a fluoridated area differs in that the
fluoride intake in formula-fed infants is considerable higher due to the added
fluoride from the tap water. In breast-fed infants, fluoride intake up to six
months of age is minimal. From the age of nine months, fluoride intake from
diet and beverages contributes about 50% of the intake while toothpaste
contributes the remainder. It is worth noting that no estimate has been
made of topical fluoride from other sources, which dentists may tend to use
more frequently in non-fluoridated areas (Davies et al, 1993). Naccache et al
have estimated that the amount of dentifrice used accounts for 60% of the
total variation in the amount of fluoride ingested by children aged 2-7 years
(Naccache et al, 1992) and our results would indicate that this also applies
to breast-fed infants in fluoridated and non-fluoridated areas who use
fluoridated toothpaste.

We can see that formula-fed infants of one year of age and younger
living in a fluoridated area exceed the recommended daily intake of not more
than 0.1 mg/kg/day (100 ng/kg/day) fluoride. Formula-fed infants in a low-
fluoride area may have intakes in excess of 100 ng/kg/day, depending on
which formula is used. Breast-fed infants in fluoridated areas and breast-fed
infants younger than nine months of age in a non-fluoridated area have the
lowest intakes and may receive considerably less than the 50-70 ngy/kg/day
which is recommended for caries prevention. Breast-fed infants nine months
of age or older in a non-fluoridated area and all other children older than
one year of age have fluoride intakes within the recommended limits.

In Australia, there is a high rate of breast-feeding in the first six

weeks of (approximately 75%) but this declines quite rapidly, with 62%
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of all children consuming formulae at some time. By 12 months of age, most
children are starting to consume cow3 milk instead of formula, thus
substantially decreasing the amount of fluoride ingested from water used to
reconstitute formula. However, a child who receives formula for a prolonged
period may be at increased risk of fluorosis. The Child Fluoride Study
indicated that only 1/3 of those using formula had ceased use by 12 months
of age and over 15% were still consuming formula at age 2 years (Davies et
al, 1993). Given that this study also found that the two brands of formula
which accounted for approximately 2/3 of all history of formula use had
fluoride contents very much higher than average, the likelihood of excess
fluoride intake from this source at a crucial time in enamel development is
high. Conversely, since breast-milk has a very low fluoride content relative to
formula, prolonged breast-feeding, in the absence of other significant

fluoride sources, may result in sub-optimal fluoride intake.

Scenarios of fluoride intake which result in sub-optimal intake

Breast-fed infants six months of age and younger in fluorodated
and non-fluorodated areas.

Breast-fed infants at any age in a fluorodated area who do not use
fluorodated toothpaste.

Scenarios of fluoride intake which result in supra-optimal intake

Formula-fed infants in a fluoridated area.

Formula-fed infants in a non-fluoridated area who are fed with one
of the higher fluoride formulae. Soy-based formula tend to have 4
higher formula content.

Excessive toothpaste use and ingestion may contribute to
excessive intake.

Comments on fluoride intake in children and adults (Table 4)
The fluoride intake for the nine-month-old infant in Table 4 is similar to that

for the same infant in Table 2. However, the estimated intake for the two-
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year-old is lower by about 30% due to the difference in the volume and
fluoride content of beverages and solid food. However, both estimate ranges
overlap the recommended fluoride intake of 50-70 ng/kg/day. The intake for
a 12-year-old boy and an adult man living in a fluoridated area are within
the recommended range. However, since over half of the fluoride intake in
these two scenarios is from water or water-based fluids, the intake for these
individuals would be less than 50 ng/kg/day, if they were consuming the

same drinks with only a fraction of the fluoride content.

Fluoride intake estimated in other studies

The results of these calculations of fluoride intake are similar to findings
from other groups in US and Canada. Shulman et al, 1995 used age-specific
fluid consumption data derived by Ershow and Cantor from the 1977 -78
Nationwide Food Consumption Survey (NFCS) of the US Department of
Agriculture to estimate how much community water the people in Dean's
study ingested. They explicitly assumed that while dietary patterns may
vary over time, total fluid consumption in the 1977-78 study is a valid
estimator of fluid consumption in the 1930s and 40s. Data were obtained
from 30,770 individuals for all days of the week with an overall participation
rate of 68%. They restricted the data to 26,446 individuals with a complete
three-day food and beverage record, and known race, urbanization, weight,
and education of heads of household. They used the data for the 7,345
children younger than 13 years of age to define the average daily dose of
fluoride in narrow age bands. Breastfed infants were excluded from all
analyses because of the difficulty in estimating their fluid intake. Total fluid
intake ranged from 944 mL per day from birth to 3 months of age to 1955
mL per day in children 12.5 to 13 years of age. Dean’ water intake ranges
from 354mL/day from birth to 3 months of age to 1585 mL per day in
children 12.5 to 13 years of age. Fluoride consumption from diet and water
was calculated for strata based on age and weight. Intake was greatest from
7 to 9 months of age, and declined linearly to 13 years of age. The mean
fluoride intake from birth to 7 years and from 7 to 13 years was 0.068
+0.008 mg/kg/day and 0.042+0.006 mg/kg/day, respectively. Using this
estimate as a base line, they compared the average daily dose of fluoride
(ADDF) with the American Dental Association (ADA) supplementation

schedule to
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measure deviation from data they defined as the criterion standard. The
actual daily intake exceeded the recommended intake at all ages, with the
greatest deviation from birth to 3 years.

The findings of two separate 1993 reports, one of the actual intake of
fluoride by Canadians and the other on their recommended fluoride intake,
were summarized and compared (Lewis and Limeback, 1996). Comparison of
the data in the two reports revealed that, for breast-fed infants and nearly all
other age groups without fluoridated water, the ranges of the estimates of
actual intake are lower than the recommended ranges. However, for formula-
fed infants and all other age groups using fluoridated water, the estimates of
actual intake greatly exceed the recommended intake, especially for the
seven months to four years age group. They concluded that ingestion of
fluoride at those levels during tooth development would contribute to dental
fluorosis.

A more recent prospective study over 12 months has shown
considerably lower fluoride intake than our estimates. Guha-Chowdhury et
al, 1996 have used the duplicate diet method to determine fluoride intake in
3 to 4 year-olds in fluoridated and non-fluoridated areas of New Zealand.
Duplicate portions of all foods and drinks consumed over 24 hours by 66
children aged 3 to 4 years resident in fluoridated and low-fluoride areas of
New Zealand were collected on three separate days over a period of 12
months and analyzed for fluoride. Fluoride intake from the use and
ingestion of toothpastes and fluoride supplements was also determined for
each child. They found that levels of fluoride intake from foods and drinks
alone as estimated by the duplicate diet approach are much lower than
previously estimated from food consumption tables or diet records. The
mean fluoride intake from foods and drinks alone in the low-fluoride areas
was 0.008 +/- 0.003 mg/kg body weight (0.15 +/- 0.06 mg/day; n = 34) and
in the fluoridated areas was 0.019 +/- 0.009 mg/kg body weight (0.36 +/-
0.17 mg/day; n = 32). The mean fluoride intake from foods and drinks and
toothpastes in the low-fluoride areas was 0.027 +/- 0.012 mg/kg body
weight (0.49 +/- 0.25 mg/day) and in the fluoridated areas was 0.036 +/-
0.015 mg/kg body weight (0.68 +/- 0.27 mg/day). Fluoride intake from diet
alone did not exceed 0.04 mg/kg body weight (0.74 mg/day), and fluoride
intake from diet and toothpaste did not exceed 0.07 mg/kg body weight
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(1.31 mg/day). It is worth noting that while dietary fluoride intake remained
relatively constant throughout the study, the intake from toothpaste
declined as one would expect. The children in this study were recruited age
3-4 years but were 4-5 years of age at completion, with mean body weight of
20.1+2.8 kg at completion of the study. Therefore, the baseline data which
was higher than that at completion could be compared with the figures for 3
and 4 year-olds in our data. This also limits the chance of bias from
education regarding toothbrushing practices which may have occurred
during the course of the one-year New Zealand study. We find that the
estimates of intake are quite similar when the fluoride from supplements in
the low-fluoride area is not counted. As we have demonstrated, the intake of
fluoride per kg body weight declines quite rapidly after the first year of life
and is not excessively high for those with average intakes of the common
fluoride vehicles.

The 1991 NHMRC Report estimated the fluoride intake of adults and
children aged two years from diet, beverages and toothpaste and discussed
the relative contribution of various sources. A 2-year-old was calculated to
have a fluoride intake of 90-100 ng/kg/day while that of an adult was 20-40
ng/kg/day, assuming they consume water with 1ppm fluoride. We have
shown that fluoride intake for children younger than 2 years of age who
consume formula, regardless of their drinking water fluoride content, is up

to twice as high as that for a 2-year-old.

Changing trends in dietary habits and their effect on fluoride intake

A recent news article (Woodhead, 1998) highlighted the potential increase in
dental caries that may be expected if children drink low-fluoride
beverages in preference to fluoridated tap-water. Recent reports from the US
suggest that caries disease is increasing and the role of bottled water as a
causative factor is under consideration. In Australia, the cost of bottled
water in 1996 was $270 million a year (Choice, 1996) while the apparent
per capita consumption of bottled water was 114.4 L in 1996-97 (ABS 1996-
97). This was an 18.5% increase on the 96.6 litres consumed per capita in
1991-92 and more than double the consumption in the late 1960%. Data on
the consumption of beverages from the 1985 National dietary survey of

schoolchildren indicates that 12 year-old boys drink 257 mL of juice and soft
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drinks, 124 mL of cordial and 279 mL of water. The fluoride content of
bottled water in other countries is generally quite low, while data on
Australian products is not available. The content of manufactured drinks
may reflect the water in the area of production or may be lower due the
process of reverse osmosis, used in purifying the product. The fluoride
content of 532 juice and juice-flavoured drinks in lowa was analysed and the
range was 0.02-2.8 ppm (Kiritsy et al, 1996). The mean for juices
manufactured at fluoridated sites was 0.88 ppm, compared with 0.28 ppm
for products prepared with non-fluoridated water. While 48% of drinks had
relatively low fluoride content, <0.3 ppm, 19% had a fluoride content in
excess of 1.0 ppm. Drinks containing grape juice, especially white grape
juice, had higher fluoride concentrations. In general, white grape, tea, prune,
and cranberry-flavoured products had mean and median fluoride
concentrations above 0.8 ppm, while pineapple, fruit nectar, lemonade and
orange had mean and median concentrations below 0.4 ppm. The
implications for children who drink a lot of juice and not much milk, which
contains less fluoride, are substantial if the juice they drink is in the high-
fluoride range. Since manufacturers are not compelled to state the fluoride
content of food and drink products in Australia, it is virtually impossible for
individuals to determine and thus limit their fluoride intake.

With concern growing among the general public about the dangers of
drinking tap water, mainly related to bacterial and chemical contamination,
there appears to be a growing demand for the use of domestic water filtering
systems. While many of these filters alter the fluoride little very little, reverse
osmosis filters remove most of the fluoride in the water and could result in
considerably reduced fluoride intake.

Cow3’ milk intolerance and concerns about allergies have lead many
parents to substitute soymilk and soy products for dairy products in their
childrens diet. Since soy milk infant formula usually has a higher fluoride
content than cow3 milk formula, this may result in fluoride intake that is

considerably higher that the average childs intake.
Conclusions

Fluoride intake varies substantially depending on age, body weight, dietary

habits, water fluoride content, adherence to supplement recommendations
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and the use of toothpaste. However, only a small proportion of the
population, namely breast-fed infants, are likely to be receiving sub-optimal
fluoride and then, only for a relatively short period of their lives. We do not
consider that fluoride intake at this stage in life is crucial to short-term or
long-term dental health.

Fluoride intake is likely to be excessive in most formula-fed infants in
fluoridated areas and may be excessive in formula-fed infants in a non-
fluoridated area if a high-fluoride formula is used. Fluoride ingestion from
toothpaste may contribute to excessive intake, particularly in younger
infants who tend to swallow a greater proportion of the toothpaste used.

While fluoride supplements per se, do not exceed the recommended
range of fluoride intake in non-fluoridated areas for most children, the
combination of supplements, formula and toothpaste is likely to be
excessive. Furthermore, if supplements are used in accordance with
outdated recommendations, the dose may be excessive. In fluoridated areas,
the inappropriate use of fluoride supplements would bring many children’
intake up to or above the 100 ng/kg/day threshold.

These findings are reflected in the recommendations for reducing

excessive fluoride intake.
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Ways to reduce excessive fluoride intake

Limit the content of fluoride in infant formulae by regulating the fluoride
content of the water used at the manufacturing site. In Australia, the
fluoride content of infant formulae reconstituted with deionized water
varies more than sixteen-fold, from 0.031-0.532 ppm. However,
reconstitution with tap water in an area with 1.0ppm fluoride increases the
fluoride content to 1.031-1.532 ppm. While reduction of the dry formula
fluoride level to negligible amounts has only a moderate effect on the total
fluoride intake from this source, it may be sufficient to reduce the fluoride

intake to a level at which fluorosis is less likely.

Recommend that infant formula is reconstituted with low-fluoride water in
a fluoridated area. This may add to the cost of feeding if distilled or mineral

water has to be purchased.

Limit the availability and prescription of fluoride supplements to those in
fluoride-deficient areas who are not receiving fluoride in appreciable
amounts from any other source, e.g those who brush their teeth at least

twice a day with a fluoride dentifrice would not also require supplements.

Reduce the inappropriate use of fluoride supplements by those who live in
fluoridated areas or who receive a substantial proportion of their food and
drink from fluoridated manufacturing sites. This would require an
educational program aimed at the public and dental workers, outlining the
sources of fluoride, the assessment of intake and the guidelines for

recommended intake from topical and other sources.

Avoid excessive ingestion of fluoride from toothpaste and fluoride
mouthrinses by limiting the amount of the product used by preschool
children to a pea-sized amount, parental supervision of toothbrushing to
encourage expectoration of toothpaste, mouthrinses not to be used by

children under the age of seven.
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CHAPTER SEVEN
POSSIBLE TOXICITY AND SAFETY MARGINS

Introduction

The 1991 Report outlined the stages involved in assessing the toxicology of a

chemical (Chapter 6; 6.1). In brief, these are :

1. Identification of the range of toxic effects which may occur at high exposure —
often relying on animal data or experience from acute accidental or chronic
occupational exposures.

2. Determination of the dose-response relationship with respect to specific toxic
effects at various levels of exposure.

3. Calculation of an “acceptable level of exposure”.

1. Toxic effects at high exposure

Fluoride can exert acute toxic effects, by suppressing plasma calcium and magnesium
levels, and the lethal dose is in the range of 2-5 g NaF for an adult, with death
occurring in 2-4 hours in the absence of treatment (Hodge & Smith 1981, Whitford,
1990, Willinger 1995). It is more meaningful to give information based on mg F/ kg
body weight, in which case Hodge & Smith (1981) have suggested that the Certainly
Lethal Dose (CLD) is 32-64 mg/kg(2.2-4.5 g for a 70 Kg adult), while Whitford (1996)
has found that the Probable Toxic Dose (PTD) is of the order of 5.0 mg/kg, (0.35g for a
70 Kg adult) although lower doses should not be regarded as safe.

2. Specific Toxic effects that may occur at low to moderate levels of exposure

Skeletal fluorosis occurs in areas where the water fluoride concentration is > 8ppm
and may require downward adjustment of the natural fluoride content. This is not a
public health issue in Australia as natural fluoride levels tend to be low. However,
dental fluorosis occurs to a limited extent in non-fluoridated areas and the
prevalence increases as fluoride exposure increases. Since it has cost implications
as well as cosmetic implications for the individuals affected, it has been examined
in detail.

Dental fluorosis

Fluoride ingestion during tooth formation results in the formation of dental
enamel which is more resistant to caries. However, with increasing levels of
fluoride, the enamel changes in structure and composition, resulting in a
condition known as enamel fluorosis. Its intensity ranges from barely
noticeable whitish striations to confluent pitting and staining of the dental enamel.
Mildly fluorosed enamel is fully functional, and is more resistant to acid attack in vitro
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than is enamel from low or optimally fluoridated areas. Enamel fluorosis can occur
following either an acute or chronic exposure to fluoride during tooth formation.

The threshold dose at which fluoride causes dental fluorosis is not known
but has been estimated at 0.1 mg/kg body weight (Riordan, 1989). Current
community fluoridation and fluoride supplementation policies are based on Dean's
observations that a concentration of 1 ppm fluoride in community water yields the
optimum balance between caries reduction and minimizing fluorosis (Dean, 1936).
This concentration of fluoride was associated with a fluorosis prevalence of about
10% or a community fluorosis index (CFIl) value of 0.3. The World Health
Organization (WHO) recommends an upper limit of 1.5 ppm fluoride in drinking

. .guideline value.. , above which,

water as a ‘. .detectable effects such as
mottling of the teeth, are sometimes associated... ”(WHO, 1984).

However, 1 ppm is a concentration, not a delivered dose. It does not allow
for the variability in the consumption of water between individuals, the variation in
weight at any given age and most importantly, the increase in exposure to fluoride

from other sources, particularly toothpaste.

Methods for measuring dental fluorosis

There are numerous epidemiological indices for describing the clinical appearance
of enamel defects, including those due to fluorosis. They are divided into descriptive
indices which categorise defects on appearance and do not readily permit an
estimate of fluorosis prevalence (eg J-A Index, the DDE and M-S Index) and those
which only record those defects deemed to be due to fluoride (eg TSIF, TF Index,
Deans, Siddiquis modified classification and the FRI). Each scoring system
incorporates an ordinal measurement scale, identifying fluorotic conditions ranging
from very mild to severe. They vary in terms of whether individual persons, teeth or
tooth surfaces are scored, the number of teeth examined, the conditions for
examination, whether photographs or radiographs are included and in the ratings
for the severity of the condition. The TSIF and TF Index have greater sensitivity
than Deans in scoring more severe categories of fluorosis and allow recording by
tooth surface rather than entire teeth. DDE a descriptive index that partly
overcomes these problems (makes no assumptions as to aetiology) and has a
simplified version suitable for epidemiological use. Photographic studies generally
enhance minor enamel defects making them easier to record (Ellwood et al. 1995).
Details for the scoring for the indices are given in the glossary.

While all of the above-mentioned indices are in use, the most
commonly used indices are Deand, the TFI, the TSIF and the FRI. None of
these indices have scoring systems which allow direct comparison of
results. In an attempt to demonstrate their comparability, Rozier
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(1990) summarized 7 studies which used 2 or more indices from 1978-1990.
Prevalence estimates using Dean’ Index or TFl were similar. The TFI was more
sensitive and able to identify differences in fluoride effect in high-fluoride
communities. The TSIF compared with the DI scores higher prevalence estimate but
can distinguish high fluoride effects better. The TFI takes longer as teeth need to be
dried while the TSIF requires separate scoring of buccal, lingual, and occlusal
surfaces. The TFI provides more categories for severe fluorosis and may be more
appropriate for use in populations exposed to very high levels of fluoride.
Surprisingly little work has been done on the validity of any of these indices. The
severity of fluorosis can be affected at any time by the teeth available in the mouth
for observation, and over time by remineralization, abrasion or treatment. False-
positive results due to enamel opacities occuring in low-fluoride populations for
other reasons are not quantified. These indices are designed primarily for studying
the biological effects of fluoride. None adequately addresses the public health
significance of dental fluorosis which depends on the publics recognition of
fluorosis as cosmetically undesirable. In general, scores of one on any of the
indices are not considered unacceptable, while a score of two on the TF index may
even enhance the appearance of the teeth (Hawley et al. 1996). Scores above two
are generally recognised as undesirable. An aesthetic index incorporating
considerations of the publics view would provide a useful adjunct to the study of
the clinical aspects of fluorosis.

Case definition for fluorosis is not consistent between the indices and the
percentage prevalence of fluorosis reported in studies gives no information as to the
severity or clinical relevance of the fluorosis detected. Kingman (1994) has
highlighted the fact that determining if an opacity is related to fluoride exposure is
more difficult than determining its severity magnitude. Patient information
regarding residence history or other potential fluoride exposure can aid or detract
from an examiner 3 ability to make correct clinical judgements.

Fluorosis as a biomarker of fluoride exposure —the need for other markers

Fluorosis only reflects fluoride exposure between birth and 7 years of age, and the
effect varies with the timing, duration and level of exposure. Since fluoride has
longer term effects on teeth and other tissues, and accumulates in teeth and bone,
other measures of systemic exposure and accumulation of fluoride are necessary.
Measures of individual susceptibility to fluoride accumulation are also desirable
since it appears that there is considerable variability in response to fluoride
exposure. Some children develop moderate-to-severe fluorosis in areas with optimal
fluoride levels. Nutrition, acid-base balance and certain ions, such as calcium,
selenium and lead and other factors may influence the individual susceptibility.
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New approaches for measuring fluoride accumulation in the body include
measurement of fluoride in the dentin of extracted teeth, fluoride in plasma, urine
and saliva, fluoride in hair and nails and possibly, MRI or X-ray fluorescence
techniques for determining bone fluoride. There are no known chemical biomarkers
for fluoride intake or body burden other than fluoride itself. High levels of fluoride
intake increase plasma alkaline phosphatase in some, but not all, subjects, and the
response is not uniform among those who show the effect. Therefore, despite their
limitations, the dental fluorosis indices are the only commonly used measures of
fluoride accumulation in the body.

Australian studies on dental fluorosis

The 1991 Report assessed studies from several countries, but mainly from the US,
on the prevalence of dental fluorosis over time and comparisons between
fluoridated and non-fluoridated areas. It concluded that.. “the evidence about the
extent to which it is increasing in communities served by fluoridated water supplies
is debatable.” There were no published Australian studies on fluorosis in the 1991
Report although an unpublished analysis of studies of children in Tamworth 1967
to 1988 by Barnard 1990, was made available to the Working Group and this
showed no consistent pattern of increase or decrease in fluorosis during the 21
years of observation. From that work, 4.1% of 259 12-year-olds in Tamworth in
1988 had fluorosis using Dean’ Index and only in 0.4% was this of a moderate
severity.

Since then, a number of cross-sectional studies of children in Western
Australia, South Australia and Melbourne have examined the prevalence and
severity of fluorosis (see table). Riordan and Banks, 1991 measured fluorosis in 12-
year-olds in fluoridated and non-fluoridated areas of Western Australia and to
relate this to exposure. School dental clinics in Perth (F- 0.8 mg/L) and the
Bunbury area (F- less than 0.2 mg/L) were the sampling units. Parents provided
data on residence in fluoridated areas and on use of supplements and toothpaste.
Exposure to water and supplemental fluoride between birth and four years was
calculated. Clinical examinations (upper left central incisor) based on the TF
classifications of fluorosis (which requires teeth to be dried) were conducted for 338
children in Perth and 321 in the Bunbury region. Re-examinations (n = 50) gave a
weighted kappa of 0.78. Contingency analysis estimated bivariate relationships,
and multiple logistic regression estimated odds ratios (OR) for risk factors.
Fluorosis prevalence in the Perth region was 0.40, and in the Bunbury region 0.33
(chiz = 3.69, df = 1, p = 0.055). Prevalence was 0.44 in children with fluoride
exposure equivalent to optimal water fluoridation and 0.20 among those with the
lowest exposure (chiz = 35.99, df = 1, p = 0.0001). Increasing exposure was
associated with higher fluorosis prevalence and higher TF scores, but overall,
27.3% of participants had TF score 1 (barely discernible), and only 9.4% had TF
score greater than or equal to 2.
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A study from the same two areas in Western Australia reported that 48% of
7-year-olds in Perth had fluorosis; 63% of fluorosis was TF score 1 (Riordan, 1993).
89% of this cross-sectional sample had lived at least 2.5 years in a fluoridated
area. The presence of very mild fluorosis, TF score =1, was significantly correlated
with longer residence in a fluoridated area, early weaning, reported swallowing of
toothpaste and 1iking~”toothpaste. Risk factors for more severe fluorosis, TF score
32, were swallowing of toothpaste and weaning under 9 months of age. The
implication of this finding is that, if a relatively high prevalence of very mild
fluorosis is acceptable as the price of the caries-preventive benefits of fluoridation,
then more severe fluorosis may be reducible by the elimination of fluoride from
infant formula (likely to be used when the child is weaned early), the reduction of
fluoride ingestion from toothpaste, and — probably, though not assessable in this
study, the discontinuation of the use of fluoride supplements (Szpunar and Burt,
1992).

Puzio et al. 1993 examined the prevalence and extent of fluorosis in samples
of South Australian children with different fluoride exposure, a subgroup of the
Child Fluoride Study. Only children 10 years or older, with complete baseline data
from a questionnaire on fluoride exposure, were invited to participate. The eight
upper anterior permanent teeth were examined for fluorosis by calibrated
examiners, using the three most-commonly used indices for fluorosis, Dean’
Index, the TSIF Index and the TF Index. Using the TF Index, the distribution of
fluorosis across the eight teeth was reasonably flat and symmetrical, while
percentages for individual teeth with a score of TF 1 or greater was 35.9-45.8%.
Using Deans Index and a definition of scores of 1+ being fluorosis, the percentage
of teeth with fluorosis was much lower (11.3-27.3%), and the distribution was
highly varied. The overall prevalence of fluorosis, TF score 1 or above, Dean’ Index
score 1 or above, was 44% and 27%, respectively. Only 3.3% and 4.2% of children
had scores greater than or equal to 2. Exposure to fluoride across the 18-30
months of age period was analysed in greater detail for its association with
fluorosis. There was little difference in the prevalence of fluorosis by toothbrushing,
fluoride tablet use or use of infant formula. However, the association with exposure
to fluoridated water was significant, with 56.7% of those in fluoridated areas
having a TF Index score of 1+ compared to 29.3% of those from non-fluoridated
areas (chi-square, p<0.05, OR 3.37, 95% CI 1.9-5.98).
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Table 1. Prevalence of dental fluorosis related to water fluoride levels in

Studies 1991-1998

Study — Country Water Sample Age of Fluorosis Prevalence Prevalenc Prevalence CFI
Author fluoride size partici  Index (%) for any e (%) for (%) for any
Year level pants Used score >0 any score score > 2
(PpmM) (years) >1
Carsten South 0.68-0.78 120 6-15 Deans 87.4 NA NA NA
s 1995 Africa
Clark Canada <0.1 510 6-14 TSIF 55 7 NA NA
1994 1.2 621 65 10
Cortes Brazil 0.01 160 6-12 TF 7.5 NA 0 NA
1996 0.7 201 52.2 5
2-3 96 91.7 63
Ellwood UKand <0.1 267 14 TF 36 5 NA NA
1995 Ireland 0.7 196 54 18
0.9 455 62 13
El- Nigeria 0.1-0.3 203 12-15 Dean’ 70 43 12 NA
Nadeef <0.1-0.4 89 58 7
1998
Evans et Australia 1.0 644 12 Deans NA NA NA 0.26
al. 1998
Hamden UK 0.13 200 8-10 TF and 8 NA NA NA
etal. 400 AL-Alousi 25.5-26.5
1991
Heller USA <0.3 6239 7-17 Dean’ 13.5 2.9 0.5 0.3
1997 0.3-0.7 1793 21.7 4.3 1.2 0.43
0.7-1.2 6728 29.9 7.1 1.3 0.58
>1.2 772 41.4 14.3 7.3 0.8
Ibrahim Sudan 0.25 55 7-16 Dean’ 90.9 1.4
1995 2.56 58 100 2.44
Irigoyen Mexico 2.8 93 10-12 Modified 100 91.6 76.3 2.86
1995 Deans
Ismail Canada <0.1 429 10-11 TSIF 41.5 NA NA NA
1993 1.1 69.2
Ismail, Canada >2.0 60 10-18 Pendrys NA 67 NA NA
1996 FRI
Jackson USA 7-14 Dean’ Deans TSIF Deans Deans TSIF
1995 0.2 126 TSIF 14.5 18.2 TSIF 0 0 0.15
1.0 117 38.8 453 08 32 1 1.8 0.46
4.0 101 90 92.1 6.9 11.1 433 524 2.06
52 69.2
Kodali India 0.85 579 5-10 Siddiquis 0 0 0 NA
1994 3.7 176 73 35 20
4.6 138 67 50 25
6.2 103 85 68 55
Laluma USA 1.0* 708 5-19 TSIF 78 36 19 NA
ndier
1995
Lewis South 0.6-1.6 146 6-18 TSIF 92 NA NA NA
1995 Africa 8.9-9.4 116 99
Puzio Australia 0.3 181 10-17 TF 29.3 NA NA NA
1993 1.0 177 56.7
Riordan Australia <0.2 321 12 TF 33 7.5 0.6 NA
1991 0.8 338 40 11 2.4
Riordan Australia 0.8 350 7.5 TF 48 17 5 NA
1993
Rugg- Saudi 0.22 1539 14 DDE 71 NA NA NA
Gunn Arabia 0.78 77
1997 2.66 93
Selwitz  USA <0.3 235 8-16 TSIF 15-19 2-4 0.4-1.3 NA
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1998

Selwitz
1995

Vigild
1996
Vignaraj
ah 1993
Wang et
al. 1997
Wiktors
son
1994
Williams
1990

USA

Kuwait
West
Indies
Norway

Sweden

USA

1.0
1.0
2.0
2.8
3.8
0.2-0.3

0.1-0.3
0.6-1.0
0.05-0.1

0.3
1.0

0.2-0.9
0.9-1.2

260
258
106
117
77
1715

154
123
383

236
260

374

8-16

12-15

12-14

31-43

12-14

TSIF

Dean’

TSIF

TF

TF

TSIF

15-19
47-55
47-55
62-67
6

5
16
36

0]
8.8

54
81

2-4
25-30
26-28
37-46
NA

NA

0.3-1.3
12-16
13-15
21-28
NA

0.4

3.3
0.3

NA

NA

NA

NA

NA

NA

NA

* estimated fluoride concentration as study stated ‘fluoridated area™

NA - not available

TF — Thylstrup Fejerskov
TSIF - Tooth Surface Index of Fluorosis

CFI - Community Fluorosis Index

DDE - Developmental Defects of Enamel Index — diffuse defects are thought to be
due to fluoride and therefore the prevalence of these defects is included in the
summary tabl
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Trends in dental fluorosis outside Australia

Table 1 summarises the reported prevalence of fluorosis in the 1990s
around the world. Fluorosis appears to be increasing in prevalence in the USA,
Norway and Canada (Heller et al. 1997; Wang et al. 1997; Ismail et al. 1993; Clark
et al. 1994). A 1986-87 national survey in the United States (Heller et al. 1997)
examined 15,532 children for fluorosis and concluded that 23.5% of children
presented with some form of fluorosis, defined as having at leas two teeth with
Dean’ fluorosis score 1 or greater. The distribution of fluorosis severity ranged
from 13.5% for those exposed to water with a fluoride concentration of <0 .3 ppm
to 30% for those with optimally-fluoridated water, 0.7-1.2 ppm. Using the CFI for
these two categories gave figures of 0.3 and 0.58 respectively. An observational
analysis of that data (Ripa, 1993) suggests that despite the many other sources of
fluoride available, community water fluoridation still exerts a major influence on
both caries and fluorosis, with a decrease in the prevalence of the former and an
increase in the prevalence of the latter. There appeared to be little benefit in terms
of caries decline between 0.7 and 1.2 ppm fluoride while the fluorosis rate rose
steadily with increasing water fluoride exposure.

Clark et al. 1994 compared the prevalence of fluorosis in a fluoridated city
with that of a non-fluoridated city in British Columbia and used questionnaires to
determine previous fluoride exposures in the 1131 children included. The TSIF
index was used by two trained examiners and fluorosis prevalence was 65% in
fluoridated Kelowna compared with 55% in non-fluoridated Vernon. However, only
3% of the children in Kelowna and 2% of those in Vernon had scores above
TSIF=2. Fluoride supplement use between the ages of 4 and 5 years (OR=1.9,
p<0.01) and the educational attainment of parents (OR=1.2, p<0.02) showed
significant positive associations in a logistic regression model.

In another study in British Columbia, the prevalence of fluorosis in
fluoridated cities was 46% while the prevalence of aesthetic problems ranged from
1-4%, depending on the definition.

Selwitz, 1995 compared fluorosis rates in the same 4 areas in lllinois from
1980 and 1985 with data collected in 1990. Water fluoride concentration of the
four areas was from 1.06 to 3.89 ppm. Although there had been an increase in

fluorosis prevalence and severity in the optimally
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fluoridated area in the 1985 study versus 1980, this trend was not confirmed in
1990. The percentage of fluorosed tooth surfaces in 8-10 and 14-16-year-olds
living in an optimally-fluoridated area, was 18.8% and 11.4% respectively in 1980,
28% and 29.4% respectively in 1985, and 18.6% and 15.3 respectively in 1990. In
a subsequent study, this population was compared with children from non-
fluoridated regions in Nebraska. After adjustment for age and use of fluoride
supplements, the percentage of fluorosed tooth surfaces in Nebraskan children
was approximately 13% (Selwitz et al. 1998).

Pendrys et al. 1994, found that the overall risk of developing enamel
fluorosis increased with successive birth years in Connecticut children living in an
optimally-fluoridated area. Using multivariate modeling to adjust for fluoride
exposure variables, they concluded that there was a relative increase in overall
availability of fluoride with time.

Wang, Norway 1997 found the prevalence of fluorosis in an area with water
fluoride levels of 0.05-0.1 ppm was 36%, of which 87% was of a mild severity.
Norway has few areas that have naturally occurring fluoride in the drinking water
and since these areas are rural and foods and beverages are not processed there, it
is unlikely that there is a “halo effect”. Furthermore, no major food-producing area
(even those outside Norway that provide products for the Norwegian market) has
fluoridated water. Professional use of topical fluoride products in children is
minimal. Therefore, fluoride exposures, other than supplements and toothpaste can
be ruled out as being contributors to the fluorosis in this population, with a high
degree of certainty. Regular use of fluoride supplements up to the age of six years
and the use of toothpaste before the age of 14 months were the two factors
contributing to the fluorosis.

Pendrys and Stamm noted that in the 1940s before the era of water fluoridation,
the mean prevalence of fluorosis in communities that were naturally optimally
fluoridated was 16%. In fluoride-deficient communities at that time, the mean
prevalence of fluorosis was about 2%. In the 1980s, the mean prevalence of fluorosis
in fluoridated communities in the USA increased to 23%, and in non-fluoridated
communities, it was 10% (Pendrys DG et al. 1990, Brunelle JA, 1989). By 1990,
prevalence in optimally fluoridated Augusta, Georgia was 81% among 157 12-14-

year-olds compared
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with 54% in neighbouring Richmond county which had a water fluoride content of 0.2-
0.9 ppm. Preschool fluoride supplements had been used by 79% of those surveyed in
Augusta and by 81.5% of those in Richmond county. Lalumandier et al (1995) reported
a prevalence of 78% using the TSIF index in 5-19-year-olds in fluoridated North
Carolina but the study design would not allow this finding to be generalized beyond the
study population. Jackson RD et al. 1995 compared the prevalence of dental fluorosis
and caries in 3 communities in Indiana with differing water fluoride levels. Compared
to the non-fluoridated community, DMFT and DMFS scores in an optimally fluoridated
area were 9.2 and 21.2% lower, while the prevalence of fluorosis was 2.5-3 times
higher (45% vs 18% TSIF, 39% vs 14% Dean’ Index and 0.46 vs 0.15 CFI).

In conclusion, the prevalence of fluorosis in non-fluoridated and fluoridated
regions in Australia and most other countries has increased considerably in the
1990s. The limitations of these studies, which are largely observational, unable to
control for confounding factors and which rely on historical data for individual
fluoride exposure estimates are obvious. However, the consistency of the findings
despite the use of several diagnostic scoring systems, a variety of study designs,
validation methods and statistical analysis techniques lends weight to the
observation. Prevalence rates for optimally fluoridated areas vary from 30-80%,
with a preponderance of figures around 50% while the prevalence in non-
fluoridated regions varies from 0-70% with many studies reporting a figure around
30%. Fluorosis seems to be almost endemic in some parts of South Africa (Lewis,
1995; Carstens, 1995) and Nigeria, where factors other than fluorosis exposure
may be at play. It is not possible to say whether the great range of reported
fluorosis rates and disparities in the data between countries and even within
countries are due to differences in timing, in study design, methodology and
reporting of data or represent true variability in the prevalence of fluorosis. Further
investigation with ongoing monitoring and comparison of fluoride exposure and
fluorosis rates in all Australian States, so that the recent rise in the prevalence of
mild forms of fluorosis in Western and South Australia does not progress to an

increase in more severe forms, with its attendant costs is required.
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Dental fluorosis following downward adjustment of fluoride in drinking water
Prior to the introduction of water fluoridation in 1962, dental fluorosis in Hong
Kong children was not evident nor was it evident amongst adults of age 35-44 years
surveyed in 1984. However, among 12 year olds born in 1969 and 1970 observed
by King using the Developmental Defects in Enamel (DDE) index, more than 80% of
permanent teeth disclosed opacities and approximately 40% of the children has
evidence of hypoplasia affecting 4 to 12 teeth. In an effort to reduce the fluorosis
problem, the drinking water fluoride concentration in Hong Kong was reduced in
June 1978, from 1.0 ppm to a year-round target of 0.7 ppm (Evans and Stamm,
1991). Cohorts of children aged 7 to 12 years who were born both before and after
the fluoride reduction were examined clinically using Dean's fluorosis index. Based
on upper right central incisors in 1062 children, dental fluorosis presence
decreased from 64 to 47% and the community fluorosis index decreased from 1.01
to 0.75 (p < 0.01). Thus, dental fluorosis was reduced, but it is possible that
factors other than the change in water fluoride content were responsible. The
publicity which preceded the change in water fluoridation and the very high rate of
fluorosis may have resulted in changes in dental practices, dietary habits and fluid
consumption, but this has not been assessed. It is noted that the reduction in
fluorosis in Hong Kong was not achieved at the expense of dental caries prevention,
which, in fact, continued to decline during the period under review (Lo et al. 1990).
Prior to the 1990s, studies showing a reduction in community fluorosis
following defluoridation programs include Horowitz et al. 1967 and Horowitz and
Heifetz, 1972. The elimination of dental fluorosis has followed the abandonment of
water supplies having very high fluoride levels in favour of new sources containing
a negligible fluoride content (McKay 1933, Dean et al. 1938). These data lend

weight to the observation that fluoridated water contributes to dental fluorosis.

Fluorosis in adults
Studies of fluorosis in adults are rare with only one identified since 1991
(Wiktorsson et al. 1994 ). This study of lifetime residents, aged 31-43 years, of 2

communities reported a prevalence of 8.8% in fluoridated Uppsala and
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0% in Enkoping (0.3ppm). Fejerskov et al (1990) found a posteruptive effect on the

milder forms of dental fluorosis in the form of a mechanical attrition with an

apparent remission of the condition, which could be an explanation for the low

prevalence of dental fluorosis in the optimal area in this and other adult studies

(Wiktorsson et al. 1994 ).

The effects of an increase in the prevalence of dental fluorosis

Whitford (1990) has suggested that the trend in dental fluorosis is undesirable for

several reasons:

1.

it increases the risk of aesthetically objectionable enamel defects. A study of the
perception of dental fluorosis in children in the Child Fluoride Study by the
children and their parents revealed that the fluorosis score was a significant
factor (p<0.05) in the model for satisfaction with the colour of the teeth, even
when comparing cases with TSIF score 1, very mild fluorosis or above, to those
with unaffected enamel (Hoskin and Spencer, 1993). However, there was little
perceived psychological or behavioural impact when fluorosis was of very mild
severity. Children with mild fluorosis are significantly more likely to show
adverse psychological response to their dental appearance, in comparison to
those with normal enamel. Riordan (1993) showed that an increasing proportion
of lay observers found the appearance of teeth objectionable with increasing
levels of the TF index, until the majority found teeth with TF scores greater than

2 unacceptable.

in more severe cases, it increases the risk of harmful effects to dental function.
Higher caries experience has been reported for children with moderate to severe
fluorosis.

it places dental professionals at increased risk of litigation, and

it jeopardizes the perception of the safety and, therefore, the public acceptance
of the use of fluorides.

Furthermore, it signals over-exposure to fluoride which is an area of growing

concern to health professionals due to possible links with
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increases in bone fracture rates and specific cancers. Therefore, these areas

were also examined in great detail (see relevant sections).

Factors implicated in the rising prevalence of fluorosis

Factors that have been associated with increased fluorosis include changes in
toothbrushing practices, increased exposure to fluoridated toothpaste and other
discretionary fluorides, fluoridated water, infant formulae, higher socioeconomic
status and specifically fluoride supplements. A number of these factors deserve
specific attention.

Fluoridated toothpaste and toothbrushing practices

Fluoridated toothpastes now account for over 95% of all toothpaste sold in
Australia, as in most other countries. While there are low-fluoride (400-526 ppm F)
toothpastes on the market, most toothpastes contain 900-1000 ppm fluoride. The
earlier use of toothpaste by infants and toddlers has been documented in Australia
and other countries — the 1989 National Health Interview Survey in the USA found
that 11% of infants (younger than age 1) and 59% of those aged 1 used fluoride
dentrifrice (Levy et al. 1997). Puzio et al reported that almost half of a sample of
358 children in South Australia had initiated toothbrushing before the age of two,
with a further 28% starting between age two and three. Accidental swallowing of
toothpaste by children while brushing is well-documented and can contribute up to
half of a child% daily fluoride intake.

Infant formula use

Despite Australia having a high rate of breast-feeding mothers, approximately 62%
of 17,635 children in the Child Fluoride Study had consumed infant formula at
some time and approximately 40% of these used formula from birth. One-third of
formula users had ceased use by 12 months of age but approximately 20%
continue beyond 24 months. Two brands accounted for approximately two-thirds of
all history of formula use and both of these brands had higher fluoride content
than average. The most frequently cited brand had the highest fluoride content of

17 brands tested in Adelaide (Thomas and Mcintyre, 1993).
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Fluoride supplement use

Fluoride supplements are available as drops, chewable tablets and chewing gum
tablets, with directions for use which, in many instances, deviate considerably from
the 1993 NHMRC recommendations e.g. Flurets 2.2 mg NaF/mL drops, 0.25
mL/day for a 2 week-2-year old child. Many studies have identified inappropriate
fluoride supplement use as a risk factor for fluorosis i.e. combining supplements
with residence in a fluoridated area or exceeding the recommended doses for the
water fluoride content or age (Puzio et al. 1993; Pendrys et al. 1994). While fluoride
supplements may have some caries protective effect if used in the recommended
doses (Driscoll, 1985), they are generally used by a minority of persons for whom
they are recommended, with approximately 33% of children resident in non-
fluoridated areas in South Australia and Queensland having any history of
supplementation (Davies MJ et al. 1993). In the USA, surveys have shown that
fluoride supplements are prescribed by 48-97% of pediatricians and 60-97% of
dentists (Siegel and Gutgesell, 1982, Gift and Hoerman KC, 1985, Jones and Berg,
1992). The criteria which prescibers used for determining the need for fluoride
supplements usually included water analysis, place of residence and age of child
but rarely included feeding mechanism and most prescribers did not undertake
fluoride analysis of drinking water prior to advocating the use of supplements

(Jones and Berg, 1992).

Factors implicated in causing fluorosis

Inappropriate fluoride supplement use

Age of child when toothbrushing started
Frequency of brushing/swallowing toothpaste
Residence in an optimally fluoridated area

Prolonged use of infant formulae

Conclusions
There is good evidence that the manifestations of fluorosis are dose-dependent,
meaning that the higher the fluoride intake during the critical period of tooth

development, the more severe the case of resulting fluorosis.
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The threshold level at which minimal fluorosis might occur had been judged to be
50-70 ng/kg/day or that amount which one would receive from drinking optimally-
fluoridated water, 0.7-1.2, depending on climate. However, since we found that
approximately 50% of children have fluorosis, albeit in its milder forms, when
exposed to optimally-fluoridated water in addition to the other sources of fluoride
which abound in most societies in the 1990s, excessive fluoride intake would
appear to be common. Leverett tabulated the prevalence of fluorosis with fluoride
concentration and caries experience and found that the curves intersected at 0.8
ppm, a 33% reduction in the 1.2 ppm concentration which data 40 years ago had
shown. This may be attributed to the increased ingestion of fluoride from other
sources. Heller et al concluded that a suitable tradeoff between caries and fluorosis
appears to occur around 0.7 ppm F and suggested that the US should reconsider
its water fluoridation policy.

The means of reducing fluoride intake to levels that give optimal protection
from caries disease with only minimal fluorosis include a reduction in the water
fluoride concentration, a reduction in the ingestion of fluoride from diet, toothpaste
or other sources. Several dental bodies and concensus groups have made
recommendations aimed at achieving such measures. Inherent in these
recommendations is the need to educate the public and the medical, dental and
pharmaceutical professions about the relative benefits and risks of fluoride and the
methods for assessing an individuals requirements. A physiologically based fluoride
dosage rate is critical to balance the risk of cosmetic fluorosis for calcifying anterior
teeth against the benefit of caries protection. Decisions to prescribe fluoride
supplements currently are based on the local fluoride concentration of tap water.
Any contemporary schedule that fails to consider the increased background

fluoride intake of the modern era is likely to predispose children to fluorosis.
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Summary of Conclusions

The prevalence of fluorosis of any degree is approximately 30% in
non-fluoridated areas to 50% in fluoridated areas.

The prevalence of a fluorosis score of 2 or more, using a variety of
indices, is approximately 4-8% in regions with a water fluoride level
around 1 ppm.

Fluorosis with a score of 2 or more can be recognized by the general
public and is judged to be an adverse health effect of fluoride
exposure.

Although a high prevalence of mild fluorosis may not have a
negative health effect, it seems to be invariably accompanied by a
lower prevalence of more severe fluorosis which has cosmetic,
psychological, financial and potentially health-related implications.
The public perception of fluoridation as a health benefit may be
endangered if the prevalence of fluorosis continues to increase at its

current rate.
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Measures to reduce the consumption of fluoride

To prevent the swallowing of toothpaste by young children, parents
should supervise and assist their young children in brushing their
teeth. Only a pea-size portion of toothpaste should be placed on a
child's toothbrush and the child should be reminded to spit out
thoroughly after brushing. It has also been suggested that a lower
fluoride concentration dentifrice be made available specifically for use

by children under the age of six.

The concentration of fluoride in infant formulae should be controlled
at the manufacturing site by limiting the concentration of the water
used in processing infant formulae. The recommendation in the US of

water with < 0.15 ppm fluoride seems reasonable.

The use of fluoride supplements should be limited to those living in
fluoride-deficient areas who are not receiving fluoride from other
sources. This will require an assessment of individual fluoride intake,
including fluoridated beverages, formula, foods processed in fluoridated
areas as well as home and school drinking supply (mains, well, tank,
etc). The 1993 NHMRC recommendations are somewhat higher that
those recently adopted by the Canadian Dental Association but are in
line with the recent reductions in dosing schedules adopted by other

countries and should be formally adopted.
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CHAPTER EIGHT
CONCLUSIONS FROM THE STUDIES

The evidence from the studies between 1991 and 1998 can be summarized as

follows :

1. Dental caries disease in Australia and most other countries has continued to
show a downward trend, albeit at a slower pace than in previous decades and is
now at an all-time low. This trend is evident in fluoridated and non-fluoridated
areas but the absolute difference in disease rates between fluoridated and non-

fluoridated areas has narrowed.

The fluoridation association is strongest when caries levels are highest e.g.,
in the primary dentition compared with the permanent dentition, in lower
socioeconomic strata and in areas where the coverage of fluoride is lower e.g
Queensland versus South Australia. Weaker caries-fluoride associations appear to
be linked to lower disease prevalence, the widespread availability of other fluoride
vehicles, the protective benefits of fissure sealants and a ‘diffusion” effect of
widespread fluoridation coverage. Adult caries disease has declined at a much

slower rate.

2. The prevalence of fluorosis in the 1990s is much higher than it was in the pre-
fluoridation era. In Australia, a number of studies have examined the prevalence
and severity of fluorosis. The reported prevalence of fluorosis in fluoridated areas is
40% for 12 year-olds in Perth, 56.8% for 10-16+ year-olds in South Australia and a
Dean’ Index of 0.26 for 12 year-olds in Melbourne. Figures for non-fluoridated
areas include 33% for Bunbury, 29.3% for 10-16+ year-olds in South Australia and

the Melbourne report does not include a non-fluoridated comparison area.

The various factors that may account for this increase include changes in
toothbrushing practices, increased exposure to fluoridated toothpaste and other
discretionary fluorides, fluoridated water, infant formulae and specifically fluoride
supplements. Fluorosis has also been reported to be increasing in prevalence in the
USA, Canada and several other countries. There is good evidence that the

manifestations of fluorosis are dose-dependent, meaning that
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the higher the fluoride intake during the critical period of tooth development, the
more severe the case of resulting fluorosis. It follows that efforts to avoid excessive
fluoride exposure during the critical period of enamel development should halt the

rise in the prevalence of fluorosis.

3. We found no evidence of an increase in bone cancers or other malignancies

which could be attributed to exposure to fluoridated water.

4. There is evidence that BMD may be increased in people with prolonged exposure
to optimally fluoridated water but we found no evidence that this resulted in an
increased risk of osteoporosis or bone fractures. The fact that high fluoride
exposure, such as occurs in studies of sodium fluoride as a therapy for
osteoporosis, is not associated with increased fracture rate is further proof that the

bone toxicity of fluoride is low.
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Rationale for recommendations

Public dental health has long given primary emphasis to population strategies for
the prevention of dental caries. This was readily justified in the 1950s when caries
experience in children and adults was uniformly high across social and
demographic boundaries. Population measures can and have provided great
benefits to all sections of the community. They included:

1. Water fluoridation

2. Promotion of fluoride supplements for children living in fluoride-deficient

communities, based on age and the fluoride content of the drinking water.

3. A national dietary policy directed towards caries prevention with an emphasis
on reducing sugar in infant drinks, sugar in baby foods, the cariogenicity of
snack foods and the burden of hidden sugars and sweeteners and their

cariogenicity in our diets.

4. Promotion of improved oral hygiene and attendance for dental preventive and

treatment measures.
5. School dental programme provided free to all school-going children.

6. Improved dental facilities and resources for all population sectors.

With the decline in dental caries experience amongst most Australian children to
approximately 10% of what it was in the 1950s and the identification of sub-groups
of the population who despite this general decline, still have high caries experience
(Aboriginals and recent immigrants), the need for a high-risk strategy has been
recognized. This should involve careful monitoring of changes in caries status
among populations or individuals deemed to be at the highest risk, including the
observation of initial lesions coupled with a knowledge of social and dental
histories. Dental education of children and their parents in high-risk groups,
frequently scheduled dental visits, and perhaps, fluoride supplements in low-
fluoride areas may be of benefit. However, we feel that the promotion of fluoride
supplements for all children aged six months to 16 years in fluoride-deficient areas

is no longer justified.
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There is a paucity of data on the prevalence of dental fluorosis in Australia with
figures from relatively small studies ranging from 29-33% for non-fluoridated areas
to 40-57% for fluoridated areas with most children having a mild degree of
fluorosis. However, there is evidence that the incidence of more severe degrees of
fluorosis is also rising. This has social and economic costs which need to be
weighed against the marginal reduction in caries experience.

Spencer et al., 1996 have suggested that the benefit-risk relationship of dental
caries and dental fluorosis is one best characterised by the changing marginal
benefits and risks. With increased fluoride exposure and low caries experience, the
marginal benefit of further exposure to fluoride is reduced in absolute clinical
terms (and conversely, reduced exposure is associated with only marginal loss of
benefit). On the other hand, with an increased prevalence of fluorosis, the marginal
risk from further exposure to fluoride is increased in absolute clinical terms (and
conversely reduced exposure is associated with a substantial reduction in risk).

The possible targets for reducing exposure to fluoride are water fluoridation, infant
formula, fluoride supplements and fluoridated toothpaste. Four issues need to
taken into consideration:

1. The ages at which there is an indication of increased fluoride exposure.

2. The potential to reduce exposure.

3. The effect of any reduction in exposure, and benefits to all ages.

4

. The effect of any reduction in exposure and risks to all ages.
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On the basis of these considerations, we would recommend efforts to control

exposure among Australian infants and children to discretionary fluorides by:

1. Limiting fluoride intake in formula-fed infants. It appears that some formula
powders have a relatively high fluoride content, although this requires
confirmation, and reconstitution with fluoridated water increases the content
considerably. A reduction in the fluoride content of the formula powder and or

the use of low-fluoride water to reconstitute the feed deserve consideration.
2. Limiting the use and delaying the starting age of fluoride supplements.
3. Encouraging the use of childrens toothpaste with low fluoride concentrations.

4. Increasing the awareness and compliance with recommended tooth brushing

practices.

All of these measures are specifically targeted to the age of development of dental
fluorosis. They could have a substantial impact on the risk of fluorosis without

more than a marginal reduction in the risk of caries prevention.

However, this requires monitoring and more purposeful research.

Exposure to water fluoridation should remain unchanged at least until evidence
accumulates that further action on fluoride exposure is required. Water
fluoridation remains a safe, effective and socially equitable vehicle for providing

prevention of caries in all age groups and members of the community.

The proposed association between fluoride exposure and increased risk of
osteoporosis and subsequent bone fracture is of immense concern as a public health
issue, given the enormous morbidity, mortality and cost associated with osteoporosis-
related events. The evidence to date does not suggest an increased risk of osteoporosis
as a result of fluoridation. However, as fluoride does appear to have an effect on bone

mineral density, there is a need for ongoing research
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into the effects of lifetime exposure to fluoride on bone.

Studies of pathology specimens, bone-densitometry and fracture rates in
comparative groups may add to the existing epidemiological data. Research into the
role of fluoride in biomineralization is needed, including the interaction between
mineral, matrix proteins and fluoride, in situ, the mechanism of mineralisation
under a fluoride regime, and the molecular basis of fluoride% effect on cellular

proliferation and differentiation.

The NHMRC 1991 report The Effectiveness of Water Fluoridation pointed out that no
Australian reports were available which would have permitted the Working Group
to precisely estimate the current intake of fluoride which various individuals are
ingesting, nor the differential amount of fluoride which is being stored in Australian
skeletons. In view of the classification of fluoride as an 'equivocal’' carcinogen in
high dosage in rats, they felt it was imperative that public health recommendations
in the future be based on accurate knowledge of the total fluoride intake of

Australians.

They suggested that studies should be undertaken by multidisciplinary groups to
monitor this load for various indicator populations within Australia, taking account
of the range of deliberative and involuntary intakes which are occurring in
fluoridated and unfluoridated areas. While we would advocate the monitoring of the
fluoride intake from everyday sources in relation to dental fluorosis, monitoring for
a potential association with very rare cancers may not be cost-effective, given that
we have not found any evidence of an association between fluoride exposure and
cancer from an extensive literature review. The rarity of osteosarcomas can be seen
by data from the Victorian Cancer Registry (Appendix 2). For the years 1990-1995
inclusive, 84 new cases of osteosarcomas were diagnosed for all ages and sexes
combined. The number of new cases for children aged 10-14 years and 15-19 years

for both sexes combined were 10 and 15 respectively.
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Summary of conclusions

1. Water fluoridation at optimal levels, varying from 0.6 ppm in sub-tropical regions to
1.1 ppm in temperate climates, continues to provide significant benefits in the
prevention of dental caries for both deciduous and permanent teeth. The evidence for a
protective effect on dental health is strongest in childhood but can also be

demonstrated in adults.

2. Communities that have ceased water fluoridation have a demonstrated increase in

caries experience.

3. Fluoridation of water at optimal levels, varying from 0.6 ppm in sub-tropical regions
to 1.1 ppm in temperate climates, remains the most effective and socially equitable
means of achieving community-wide exposure to the caries-preventive effects of
fluoride. It should remain unchanged until evidence accumulates that further action on

fluoride exposure is required.

4. There is evidence of increased dental fluorosis in communities exposed to a
combination of optimally fluoridated drinking water (0.6-1.1 ppm subject to climate)
and contemporary discretionary sources of fluoride. In a population with low caries
experience, any marginal benefit from further exposure to discretionary fluoride comes

with the greater risk of dental fluorosis with its attendant social and economic costs.

5. There is a continued need for some children to avoid excessive intake of fluoride from
discretionary sources of fluoride such as infant formulae, toothpaste and inappropriate

use of fluoride supplements.
6. Reduction of long-term exposure to fluoride would be best achieved by reducing the use

of supplements and the level of fluoride in infant formulae and toothpaste. Reduction of

the long-term exposure of the community to fluoride through lowered

Chapter 8 7



concentrations in reticulated drinking water should be considered only after assessing

the effects on dental health of the above strategy.

7. There is a continued need in Australia for improved monitoring of the dental health
of both children and adults, in particular to monitor fluoride intake and the
occurrence of dental fluorosis, to identify risk factors and retain a dental health scheme

which is both cost beneficial and effective.

8. There is insufficient evidence to establish a link between fluoridated drinking water

and an increased risk of bone or other cancers.

9. The evidence does not suggest an increased risk of osteoporosis from exposure to

drinking water fluoridated at optimal levels of 0.6-1.1 ppm subject to climate.

10. While fluoride therapy is associated with an increase in bone mineral density,

evidence of its benefit in the treatment of osteoporosis is inconclusive.
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Recommendations
1. Maintain the current level of fluoridation of reticulated drinking water supplies between

the optimal levels of 0.6 ppm and 1.1 ppm subject to climatic variation.

2. Encourage communities to adopt the guidelines for water fluoridation defined by the
National Health and Medical Research Council (NHMRC) and the Agriculture and
Resource Management Council of Australia and New Zealand (ARMCANZ), with a

revised guideline value as recommended in 9.

3. Promote the practice for all children to brush their teeth twice daily with an

appropriate low fluoridated toothpaste.

4. Confirm the results from studies reporting high levels of fluoride in infant formulae
consumed in Australia then develop a strategy to reduce excessive intake of fluoride

from this source.

5. Develop a strategy to reduce the possibility of excessive ingestion of fluoride from
toothpaste by young children. Toothpaste should be clearly labelled suitable for adult
or child use, with the fluoride level, and be used under parental supervision. The label
of toothpaste for adults should draw attention to the fact that overuse of the product by

children under the age of seven may result in dental fluorosis.

6. Fluoride supplements should not be recommended for children under the age of
three years of age. In fluoride-deficient areas, childrens”intake of fluoride should be
assessed on an individual basis from a knowledge of sources of water, other beverages,
diet, use of fluoridated toothpaste and mouthrinses, use of topical fluoride applications
by dental therapist. Only then, should fluoride supplements be supplied according to

the schedule below.

Age Water fluoride content
< 0.3 ppm > 0.3 ppm
0-3 yrs 0] 0
3-6 yrs 0.5 mg fluoride* 0
6-16 yrs 1.0 mg fluoride* 0
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*If the child is receiving adequate fluoride from other sources e.g fluoridated toothpaste, water, etc.
fluoride supplements may be unnecessary.

Supplements in lozenge form would provide a topical effect. Fluoride supplements
should be labelled with the current recommendations and include Consumer Medical

Information on dental health benefits and the risk of overuse and dental fluorosis.

7. Ensure awareness among dental and health professionals of the appropriate use and
doses of discretionary fluoride supplements. This would require consideration of an
individual 3 age, the fluoridation status of their domestic and alternative water supply,
their frequency of toothbrushing with or without fluoridated toothpaste and personal

risk factors for caries.

8. Institute a nationwide program to monitor dental fluorosis and evaluate its

relationship to dental caries.

9. In relation to Fact Sheet 51, while maintaining the optimal levels of fluoride in
drinking water between 0.6 and 1.1 ppm subject to climatic variation, and in
consideration of the availability of discretionary sources of fluoride exposure, we
recommend a revision of the Guideline Value from 1.5 mg/L to 1.2 mg/L. This value is
recommended to protect against the occurrence of dental fluorosis in children aged

from birth to six years.

Chapter 8 10



APPENDIX ONE
QUESTIONNAIRE: FLUORIDE IN RETICULATED WATER SUPPLIES

(@ (i) What is (are) the source(s) of your water supply ?
Catchment / River / Bore /
Other, please specify:

(i) Do you monitor the background level of fluoride in the incoming water?
Yes / No

If so, how often?
Daily / Weekly /7 Monthly / Quarterly /
Other, please specify:

(iii) Do you blend the water from different sources?
Yes / No

(iv) Approximately how many residences are served by your water
supply?
Approximate number of residences:

(v) Do all the areas serviced by your water supply receive the same
water?
Yes / No

(b) (i) Do you practise water fluoridation?
Yes / No

(if) If you practise water fluoridation, what is the usual form in which the
fluoride is added?
NazsiFe / stiFe / NaF /
Other, please specify:

(iii) Do you adjust the fluoride levels to take account of Summer and Winter
conditions?
Yes / No

() (i) Do you monitor fluoride levels in the reticulated water supply?
Yes / No

If so, where ?
At source / At customer / In holding tanks /
Other, please specify:

(i) How often is the monitoring conducted?
Daily / Weekly /7 Monthly / Quarterly /
Other, please specify:

(iii) What do you find is the “usual’’ range of fluoride (eg 0.7 — 1.0 ppm) in the
customer supply, say 90 % of the time ?
Range = to ppm
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(iv) Is there a compilation of the analytical data in a report that could be
referenced?
Yes / No

If so, what is the title of the report ?

(d) (i) Do you have any evidence for fluoride incompatibilities such as

enhanced
corrosion or breakdown of gaskets or seals, in the distribution

network?
Yes /7 No

Please give details if there is an effect :

Thank you for your co-operation, we are grateful for the information you have
provided.
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APPENDIX TWO

Incidence of Osteosarcoma in Victoria 1990-1995
(Al ICDO 9180-9200 diagnosed from 1/1/1990 to 31/12/1995)

New cases by sex and year of diagnhosis

Male Female Total
Agegroup | 1990 1991 1992 1993 1994 1995 1990 1991 1992 1993 1994 1995
0-4 0 0 0 0 0 0 0 0 0
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+
All ages
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APPENDIX THREE
ABBREVIATIONS AND GLOSSARY

Al-Alousi: used as an index for teeth opacities A-white opacity <2mm across, B-
white opacity >2mm across, C-coloured spots <2mm across, D-coloured
spots>2mm across, E-horizontal white lines, F-coloured or white areas of
rough enamel

Case-controlled studies: compare a group of people with a particular disease (the
cases) with a group of people without the disease (the controls) to determine
whether in the past, the cases have been exposed more or less often to a
specific factor than the controls. Most studies match controls to cases on
the basis of their similarity with respect to certain variables eg age, sex and
race. Reviews of case-controlled studies should consider the selection of the
controls.

Cohort studies: follow people who are identified and grouped with respect to
whether or not they have been exposed to a specific factor to determine
whether the incidence of a particular disease is any greater or less in the
exposed group than the non-exposed group. These may be retrospective
where exposures and outcomes have occurred prior to the investigation
taking place or prospective where the exposure and outcomes occur after
the investigation begins. These studies require a clear definition of cohorts
with consideration of the representatives of cohorts and non-participants,
cohorts should be comparable except for exposure status, problems if
exposure information is not accurate, problems if exposure changes with
time and the dependence of sample size on exposure effects and incidence.

Cross-sectional studies: survey a defined population for their disease and exposure
status at one point in time or over a short period of time. These are used to
determine prevalence rates of disease in a population with and without the
exposure under investigation.

Community Fluorosis Index: Community Fluorosis Index=  Sindividual
scores/number children. acceptable range 0.3-0.6. Takes into account the
two most equally severely fluorosed teeth ie later-forming posterior teeth

DDE Index : developmental defects of enamel are disturbances in hard tissue
matrices and their mineralisation during odontogenesis. DDE categorises 3
broad types of defect- diffuse opacities (broadly considered to encompass
defects due to fluoride though may have other origins therefore prevalence
only an approximation of fluorosis), demarcated opacities and hypoplasia.
The DDE therefore gives additional detail on the “fluorosis-like” forms of
enamel hypomineralisation eg demarcated opacities and hypoplasia.

Deans Fluorosis index: is for wet teeth and is a weighted index: 0= no fluorosis,
1=questionable, 2=very mild, 3=mild, 4=moderate, 5=severe

Demarcated opacity: opacity with clearly defined boundary from adjacent enamel,
usually occur on isolated teeth

DFSa: decayed, or filled approximal caries surfaces in permanent teeth

Diffuse opacity: opacity with poorly defined boundary that merges into
surrounding enamel, generally seen on all tooth surfaces developing.
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DMFS: decayed, missing or filled surfaces (each tooth has 5 surfaces) in
permanent teeth

DMFT: decayed, missing or filled permanent teeth

Ecological study: observational studies which compare the rates of disease in two
or more populations. Populations are defined by geographical boundaries
and correspond to a different level of exposure of the factor of interest. They
do not attempt to assess individual exposures, instead the level of exposure
of an entire population is inferred from their place of residence and they are
unable to account for potential confounders therefore the apparent
associations between exposure and disease are fairly weak.

FS: free smooth surfaces

HPC: highly progressed carious teeth

Hypoplasia: quantitative defect in enamel, reduced thickness of enamel.
Hypomineralised enamel: incomplete mineralised enamel

Jarman underprivileged area score: is the weighted total of eight transformed and
stardised census variables and can be used to rank areas in order of
deprivation. O=national mean, 40=very deprived

MD: approximal surfaces.

MPFS: mean percent of fluorosed surfaces per subject (subject based summary
measure for statistical analysis)

NaF: sodium fluoride
Opacity: qualitative defect in enamel, abnormality in translucency of enamel
ppm: parts per million

Randomised controlled trials: participants assigned in a randomised fashion to a
test group receiving the intervention or a control group receiving standard
treatment,no intervention or a placebo. These studies enhance the
comparability of the two groups and provide a more valid basis to measure
statistical uncertainty. They may be single blind where either the
investigator or the subjects are not told which group the subjects have been
assigned or double blind where neither knows.

SMFP: sodium monofluorophosphate

TF index: Thylstrup Fejerskov index is used to identify lesions likely to be a good

reflection of prevalence and severity of dental fluorosis and overcome
limitations of Dean’ index though may not consider hypomineralisation of
enamel. Teeth are cleaned and dried with compressed air which reduces
porosity. Porous area then fills with air so defects are more visible.
Differential weightings, lower for stains and pitting, can give elevated scores
as it represents the ideal visualisation scenario. TF =1 mild enamel
hypomineralisation, TF 2-3= moderate, TF>4 severe.
TF index of Hamden & Rock: 1- narrow white lines, 2-more pronounced
opaque lines, 3- merging irregular cloudy areas, 4-opacity or chalky
whiteness of entire area, 5- marked opacity and small pits, 6- pits arranged
in horizontal bands, 7-loss of outer enamel over up to half the surface, 8-
loss of outer enamel over more
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than half the surface, 9- loss of much enamel and changed surface
anatomy.

TSIF: tooth surface index of fluorosis using wet teeth to measure impact of
fluorosis on appearance. Results usually in lower levels. 0=no evidence
fluorosis, 1=definite evidence fluorosis, 2=parchment-white fluorosis on at
least 1/3rd visible surface, 3= parchment-white fluorosis on at least 2/3rd
visible surface, 4= enamel staining with any preceding levels fluorosis, 5=
discrete enamel pitting, 6= discrete pitting and staining of intact enamel, 7=
confluent pitting of enamel surface.
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