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Executive Summary 
A. Introduction 
 
The Working Group was established, in September 1989, by the National Health and 
Medical Research Council in response to a letter dated July 6 1989 from Drs M. 
Diesendorf, P. Sutton, and J. Colquhoun to the Chairman, NHMRC (see Appendix A). 
Accompanying the letter was a document by Dr M. Diesendorf entitled "A Summary of the 
Scientific Evidence that the Benefits of Water Fluoridation Have Been Greatly 
Exaggerated". An additional updated version of that document was officially received from 
Dr M. Diesendorf, dated November 20, 1989. Subsequently, a re-written version, dated 
January 4, 1990, was also submitted. The letter and three versions of the document are 
referred to collectively in this report as the "Submission".  
 
The Submission (letter -see Appendix A) argued that "...there was now a substantial body 
of evidence from many countries which leads inevitably to the conclusion that the 
effectiveness of water fluoridation has been greatly exaggerated by its proponents". It was 
asserted that analysis of recent Australian time-trends in dental caries rates (from 1977 to 
1987) reveals similar declines in caries in both fluoridated and non-fluoridated areas. The 
Submission also argued that other factors, including other sources of fluoride, were 
perhaps the more likely explanation for temporal reductions in the rates of dental caries.  
 
The letter of Submission argued that, as a consequence of the misinterpretation of the 
data, "the NHMRC, the Commonwealth and State Governments, and the public have been 
misled on a matter of public health policy'.  
 
In the course of its work, the Working Group has assessed the three main issues 
contained in the Submission.  
 
First, it examined the main historical studies and the critique of those studies contained in 
the Submission. The Working Group affirmed the clear weight of evidence that water 
fluoridation was effective, earlier this century, in substantially reducing the occurrence of 
dental caries.  
 
Second, claims made in the Submission of scientific fraud or misuse of data were 
evaluated. While acknowledging that many of the earlier studies had methodological 
limitations, the Working Group found no evidence of fraud or of misleading presentations 
of data.  
 
Third, the Working Group evaluated the analysis of time-trends in caries rates contained in 
the Submission and which purported to show no, or negligible, effect of water fluoridation 
upon recent reductions in the prevalence of dental caries in Australia. The Working Group 
assessed the relevance and sensitivity of the measures of dental health outcome used in 
these data analyses and undertook a formal statistical analysis of the time trend data 
contained within the submission. The Working Group, while noting that the data set had 
intrinsic limitations (such as the nature of the aggregate data, lack of control for residential 
and other  
fluoride exposure history), concluded that:  
 
 (i)  the analysis of the time trend data presented in the Submission was  
 inadequate; and  
 



 (ii)  those time trend data were consistent with there being a continuing   
 beneficial effect among primary school children within the 
 contemporary Australian context.  
 
In addition to this assessment of the time-trend data, other information from the State-
based School Dental Services (on the occurrence of dental caries in primary teeth), and a 
substantial body of relevant published scientific research literature were used to assess 
the relative effectiveness of the various fluoride vehicles.  
 
In considering the effectiveness of water fluoridation as a method of reducing dental 
caries, the Working Group reviewed the available evidence of any adverse health effects 
of fluoride exposure. During March-April 1990, the Working Group became aware of initial 
reports of results of recent animal experimental studies of fluoride carcinogenicity 
conducted under the U.S. National Toxicology Program. Consequently, the Working Group 
extended its evaluation of the Submission to include an assessment of that study and 
another subsequently-reported animal experimental study.  
 
After considering all of these aspects, the Working Group formulated its recommendations 
for current public health policy concerning water fluoridation and identified additional areas 
for further research and monitoring.  
The following sections provide a summary of the Working Group's review and conclusions, 
followed by the recommendations.  
 
B. Review of evidence  
 
1. The results of the early descriptive epidemiological studies and controlled 
 intervention studies, taken in aggregate, establish that an increased 
 concentration of fluoride in drinking water, at that time, reduced the  occurrence of 
 dental caries in children. The magnitude of the effect reported in those early 
 studies -typically in the range 50-60 per cent' reduction in association with an 
 increase to 1 part per million (ppm see glossary) -reflected both the high 
 background rate of dental caries and the apparent absence of other widespread 
 protective factors. This conclusion about the demonstrated effectiveness of water 
 fluoridation takes into account the deficiencies (of either design or data analysis) in 
 many of the early studies and the counter-arguments (both published and 
 unpublished) based on those and other studies.  
 
2.  Claims made within the submission concerning scientific fraud and misuse of data 
 could not be substantiated. The Working Group made this evaluation after 
 considering the published and (in some cases) unpublished  
 In many instances throughout this Report, the effects of water fluoridation  are 
 expressed in percentage terms. It is important to note that the effects on absolute 
 levels of disease of (say) a percentage reduction in disease will differ according to 
 the background level of disease, and will convey different information about 
 individuals compared with populations. For example, a 10 per cent reduction in 
 decay occurring in a setting in which an average of 10 teeth are affected will 
 effectively reduce the caries experience of an individual by one tooth (on 
 average). Contemporary levels of dental disease among Australian children are 
 much lower -typically between one and two teeth per person are affected with 
 decay. In these circumstances, a 10 per cent reduction in decay would convey a 
 benefit of 0.1 to 0.2 teeth per person. This constitutes a more theoretical benefit for 
 an individual (since only a discrete number of teeth can be involved), although at a 



 population level a substantial benefit can be observed. Among Australian adults it is 
 typical for a greater number of teeth to be affected with decay as age increases. 
 Recent surveys have reported the figure to be as high as 24 teeth per person 
 among those aged 60 or more years. information from the USA studies of Dean and 
 colleagues, the Hastings (New Zealand) and Tamworth (New South Wales) studies. 
 It was the view of the Working Group that the claims were based on either a 
 misunderstanding, or a misinterpretation of, the original reports of studies.  
 
3.  The Submission presented time-trend data describing the prevalence of dental 
 caries in the permanent dentition, measured by the DIMFT Index (See Glossary), in 
 school children aged 6-12 years in seven Australian capital cities over the period 
 1977-1987. Six of these cities had introduced fluoridation of drinking water in the 
 period 1964 to 1977; one city (Brisbane) has not fluoridated its drinking water. The 
 interpretation of these data by Dr Diesendorf led him to conclude that there was no 
 evidence of continuing benefit from water fluoridation. The Working Group's view is 
 that Dr Diesendorf s analysis of these data was inadequate and was essentially a 
 descriptive analysis of tabulated and graphed data, without formal statistical 
 evaluation.  
________________________ 
 
The Working Group's analysis of those data for DIMFT in Australian  
school children indicates that water fluoridation is effective in achieving  
a lower rate of dental caries. Population-based multivariate analysis  
was carried out for children aged 6-12 years, with data only available  
for the two end years (1977 and 1987), and with water fluoridation  
 measured by proportion of lifetime exposed. From this analysis it is  
 estimated that there was approximately a 60 per cent protective  
 effect on DIMFT in 1977 and approximately a 40 per cent effect in  
 1987. A more detailed analysis of three age-groups (7-,10-, and 12-year- 
 olds)  for which annual data during 1977-1987 were presented in the  
 Submission (for a selected group of five cities, including Brisbane) 
 indicate, by comparison with the abovementioned estimates for  
 children aged 6-12 years, the following results. There was a protective  
 effect evident at age 12 years that remained at  
 around 20-25 per cent throughout the 11 year period, but the protective effect for 
 10-year-olds had changed from approximately 33 per cent in 1977 to 11 per cent in 
 1987, and the protective effect in 7-year-olds had changed from approximately 46 
 per cent in 1977 to zero per cent in 1987. It is important to note that these analyses 
 exclude Perth and Canberra, cities which had low DIMFT values and high 
 proportions of lifetime exposure to fluoridated water. Further, because of the 
 limitations in the Australian data as contained in the Submission, it is difficult to 
 quantify these effects precisely, or to use them for comparison with estimates of the 
 protective effect of water fluoridation from overseas studies.  
 Other recent studies of the effect upon dental caries in children of lifetime  exposure 
 to community water fluoridation indicate a continued, albeit reduced, effectiveness 
 within contemporary Western society, compared with the reported effectiveness in 
 the 1940s and 1950s. In this contemporary setting, the background prevalence of 
 dental caries is lower than in earlier decades, and supplementary fluoride' has 
 become widely available from various discretionary sources (including toothpaste, 
 tablets, drops, and professional topical applications). The magnitude of this 
 recently-reported protective effect of water fluoridation among children appears to 
 be predominantly in the range of 20-40 per cent, tending towards the lower end of 



 this range in the permanent dentition, and tending towards the upper end of the 
 range in primary (deciduous) dentition.  
 
 Some studies have presented findings in a way that permits separate analysis for 
 different types of tooth surface. Those studies show consistently that the greatest 
_______________________ 
 
Throughout this Report, "supplementary fluoride" is a term used to indicate any form of 
fluoride which is used by humans in addition to the amounts to which they would be 
exposed through the environment, food and background levels in drinking water (typically 
at.a concentration of 0.3 ppm fluoride or less). Sources off' supplementary fluoride include 
fluoridated drinking water, fluoride tablets or drops, fluoridated toothpastes or mouth 
rinses, and professional dental applications. Hence, the term "supplementary fluoride" in 
this report is broader in scope than that used by some others to refer only to tablets or 
drops.  



 fluoride-associated reduction in caries is for the gingival and approximal tooth 
 surfaces (see glossary). There appears to be less benefit for the occlusal (biting) 
 surfaces (in which most of the pits and fissures occur).  
4. Descriptive epidemiological studies, since around 1940, indicate that the 
 relationship between naturally-occurring fluoride concentration in water and rates of 
 dental caries in children is downwardly curvilinear -that is, increments in the 
 protective effect become progressively smaller with increasing fluoride 
 concentration. Most of the protective effect of water fluoridation is attained by 
 increases in fluoride concentration in drinking water up to the concentration of 1 
 ppm, with diminishing increments in protective effect within the range 1-2 ppm. 
 Historically, a fluoride concentration in water of 1 ppm has been considered to be 
 "optimal" (in a temperate climate setting) since it has been deemed to be the 
 concentration at which a worthwhile reduction in caries can be achieved without 
 producing unacceptable levels of dental fluorosis (see item 10 below).  
5.  The few studies that have been reported on water fluoridation and adult dental 
 caries indicate that a protective effect occurs throughout adult life and that this is 
 likely to reduce the occurrence of caries by pproximately20-40 per cent. Further 
 research is needed into this important question -particularly in view of recent 
 increases in life expectancy, tooth retention, and the use of fluoridated toothpaste.  
6.  The existence of a protective effect in adults is consistent with the recently-formed 
 view (and one that was advanced in the Submission) that fluoride acts 
 predominantly via a post-eruptive mechanism (on tooth surfaces)within the oral 
 cavity, rather than via a pre-eruptive mechanism (on tooth structure).  
 
 A post-eruptive effect of fluoride can be achieved from several sources: 
 fluoridated drinking water; natural fluoride content of foods, and commercial drinks; 
 fluoride from fluoridated water that has entered food during the growth, preparation 
 and/or cooking of food; personal use of fluoridated toothpaste and/or mouth rinses 
 and professional use of topical fluoride solutions. Whatever the source of  fluoride, 
 it appears that a critical requirement for protection against dental caries is 
 maintenance of a low concentration of fluoride at the plaque-tooth interface.  
 
7. Seven studies, done in widely differing circumstances, have reported on the 
 consequences for children's dental health of removing fluoride from  the water 
 supply (which therefore reverted to the natural background concentration of fluoride, 
 usually around 0.1-0.3 ppm). Another study has examined the caries experience of 
 children who migrated from a fluoridated to a non-fluoridated area. In all studies 
 there were increases in caries (whether primary or permanent dentition) associated 
 with reduction in water fluoride exposure. These increases, generally within the 
 range 20-80 per cent, were larger and more consistent after five or more years post 
 defluoridation. In several instances, the increase in caries was observed even 
 during a time period when there was a clear reduction in caries experience in the 
 comparison (i.e. control) community not undergoing de fluoridation. No evidence is 
 yet available on further increments in risk of caries that might occur with longer 
 follow-up periods, nor has any follow-up data been reported for adult populations. 
 Some of the data come from studies conducted in time periods up to the mid-1980s 
 and may not take full account of the contemporary impact of discretionary sources 
 of fluoride.  
 
8. In the 1960s, controlled trials were first conducted to identify the added benefit, if 
 any, of using supplementary fluoride from toothpaste and mouth rinses, in addition 
 to water fluoridation. Generally, an additional reduction in caries has been found, of 



 the order of 10-40 per cent, varying according to age of commencement of use and 
 the fluoride vehicle involved. Historically, it was from this period that multiple 
 fluoride vehicles came to be widely used. The consequence has been that many 
 fluoride vehicles became available on a discretionary basis - with a potential for 
 excessive intake.  
 
 Subsequent studies conducted since the 1960s have confirmed that 
 toothpastes with a fluoride concentration of 1000 ppm (which today is the 
 prevailing commercial concentration), when used regularly, confer additional 
 protective effect beyond that attributable to fluoridated water. This effect occurs in 
 children and -although fewer data exist - in adults, and appears to reduce the risk of 
 caries by approximately 20-30 per cent.  
 

Studies in young children indicate that an equivalent protective effect can  be 
obtained at concentrations of fluoride in toothpaste well below 1000 ppm.  

 
9.  The intake of fluoride resulting from the fluoridation of the public water supply to 1 
 ppm does not appear to have adverse consequences for the health of the 
 population.  
 
 The Working Group could find no evidence within Australia of skeletal fluorosis (a 
 rare bone mineralisation disorder) attributable to water fluoridation or naturally 
 occurring fluoride in water. While there have been isolated case reports from other 
 countries of skeletal fluorosis in association with relatively low levels of fluoride in `
 drinking water, the evidence indicates that skeletal fluorosis is mainly associated 
 with occupational (airborne) exposures and can also occur when water fluoride 
 levels reach 5-10 ppm. However, there have been no systematic epidemiological 
 studies of skeletal fluorosis in fluoridated and non-fluoridated areas.  
 The Working Group concludes that there is no evidence that fluoride is a risk factor 
 for cancer in humans. None of the properly-conducted epidemiological studies 
 support such a contention, either in relation to all cancers combined or in relation to 
 cancer at specific sites, including bone. To date, the only indication of such a risk is 
 the finding that the occurrence of osteogenic sarcomas (that is, bone neoplasms) in 
 male rats was equivocally related to the ingestion of high intakes of fluoride at 
 doses causing damage to teeth and bones. This relationship was not observed in 
 female rats or in mice of either sex. Furthermore, the occurrence of neoplasms was 
 not corroborated in another recently-published rodent study. However, the Working 
 Group recognises that the deposition of fluoride in bone provides a reason for 
 monitoring the future bone cancer rates in human populations in relation to their 
 fluoride exposure.  
 

The Working Group could make no inferences from animal studies, nor find any 
substantiated evidence from studies of human populations, of any other adverse 
health consequences in association with the ingestion of fluoride via water 
fluoridation at 1 ppm.  

10. The occurrence of dental fluorosis (mottling of teeth, which, in its infrequent, more 
 severe forms, is associated with damage to tooth surfaces) is increased when water 
 fluoride concentrations exceed 1-2 ppm. At concentrations up to around 1 ppm the 
 lesions occur in few individuals and are slight, difficult to see, and of marginal 
 cosmetic significance. Furthermore, in the contemporary Australian setting, it is 
 probable that fluoride from discretionary sources is a more important cause of 
 dental fluorosis. This would be consistent with the observation that increases in 



 dental fluorosis have recently been reported in both fluoridated and non-fluoridated 
 communities overseas.  
 Dental fluorosis results from a high ingestion of fluoride in early childhood,  while the 
 permanent teeth are undergoing formation and maturation (i.e prior to their eruption 
 into the mouth). This leads to excessive deposition of blood-borne fluoride in teeth. 
 In appearance, fluorosis can be like various other forms of dental enamel defect, 
 with mottling and discolouration, from which it should therefore be distinguished in 
 dental health research and monitoring.  
 
11. The major source of high individual intakes of ingested fluoride in infancy is via 
 bottle-feeding in those instances when the infant formula powder has a high fluoride 
 content. In such cases, the formula powder and the added fluoridated drinking 
 water appear to contribute approximately equal amounts of fluoride.  
 The major sources of high individual intakes of ingested fluoride in children aged 1-
 6 years are the inappropriate use of fluoride tablets or drops and the swallowing of 
 fluoridated toothpaste. Risk factors which have been identified for dental fluorosis 
 include: an early age of toothbrushing with fluoridated toothpaste; an early age of 
 initiation and/or a high dosage of fluoride tablet use; and the prolonged use of 
 dietary formulas.  
 
12. Of all the forms of fluoride supplementation available to our society, the only one 
 that can readily achieve total coverage of the population is fluoridation of drinking 
 water (assuming the existence of a reticulated water supply). This reflects the fact 
 that this form of exposure to fluoride is essentially involuntary, whereas exposure to 
 discretionary sources of fluoride depends upon (voluntary) individual behaviour.  
 There is evidence, for the primary dentition, that water fluoridation is of greater 
 benefit in socially disadvantaged sections of the population, in whom dental caries 
 is more prevalent, and for whom access to, or compliance with, other forms of oral 
 health care may be more limited. Of six studies reported since 1980, five have 
 found such a differential.  
 
13. Fluoride in drinking water (and water-based beverages) accounts for 
 approximately one-quarter of the average daily intake in very young children 
 although it accounts for less in those children with high total intakes, since they 
 ingest relatively more from discretionary sources (particularly fluoridated 
 toothpaste). Water fluoride accounts for a greater percentage of total intake in older 
 children, reflecting their relatively lower ingestion of fluoride from toothpaste. In 
 adults, in whom ingestion of discretionary sources of fluoride is minimal, fluoride 
 from drinking water accounts for approximately one-half of total daily intake. At all 
 ages, fluoride in food accounts for most of the remainder; approximately one-
 seventh of the fluoride in food derives from water used in food preparation and 
 cooking. 
 
14.  The involuntary aspect of exposure to fluoride added to drinking water causes 
 concern to some members of the community. A number of those persons argue that 
 the public health benefits of water fluoridation are not of sufficient significance to 
 warrant the infringement of individual rights (or civil liberties) constituted by such 
 involuntary exposure.  
15. Risk-benefit evaluation of water fluoridation (at around 1 ppm) must  
 consider the following:  
 a. Its protective effect against dental caries, in both children and  
  adults, within the contemporary Australian setting.  



 b.  The knowledge that dental caries significantly affects oral health  
  and carries a small but finite risk of various other health  
  consequences, including pain, infection, and various dietary, 
   nutritional, social and psychological problems.  
 c.  The risk of dental fluorosis in those individual young children whose  
  total intake of fluoride is high. In those children, fluoridated water is  
  a (mostly minor) contributory source of fluoride intake.  
 d.  The absence of any other demonstrated adverse health  
  consequences of fluoridated water in humans. (However, the  
  absence of long-term followup studies on populations experiencing  
  total fluoride intakes at contemporary levels, and thus presumably  
  experiencing prolonged deposition in bones, underscores a need  
  for ongoing monitoring.)  
 e. Its capacity to achieve population-wide coverage, which is likely to  
  be of particular benefit for socially disadvantaged sections of the  
  community.  
 
C. Major conclusions  
 
The major conclusions from the above review are:  
 
1.  In the assessment of the Working Group, the aggregate evidence establishes that 
 fluoridation of water to around 1 ppm has, in the past,  conferred a substantial 
 protective effect against dental caries. The evidence for this protective effect is 
 strongest in childhood, reflecting the preponderance of research in this age-group. 
 In recent decades, the magnitude of the beneficial effect of water fluoridation 
 appears to have decreased, as the pattern of dental disease has changed and as 
 fluoride has become widely available from a number of discretionary sources. 
 Nevertheless, water fluoridation continues to contribute to the prevention of dental 
 caries, and therefore to provide an important, community-wide, and readily 
 achievable, foundation to dental publichealth. While further confirmatory research 
 is needed in contemporary adult populations, water fluoridation appears also to be 
 of increasing importance to dental health in an ageing population.  
 
2. Fluoridation of drinking water remains the most effective and socially equitable 
 means of achieving community-wide exposure to the caries prevention effects of 
 fluoride. A fluoride concentration of 1 ppm indrinking water is still regarded as 
 appropriate for the prevention of caries (in a temperate climate). A concentration of 
 1 ppm secures most of the caries prevention effect available from fluoridated water, 
 while maintaining minimal contribution of water fluoride to dental fluorosis in 
 children.  
 
3. 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. The increased total  fluoride 
 exposure in recent decades has been associated with some increase in the 
 occurrence of dental fluorosis -predominantly in those individual children with a 
 history of high total ingestion of fluoride, mostly from discretionary sources. While it 
 is conceivable that some isolated cases of skeletal fluorosis may be occurring in 
 individuals with either a high long-term intake or a particular metabolic susceptibility, 
 no cases have been reported in Australia.  



4. There is no evidence to justify a change in the view that fluoride 
 supplementation within the intended normal range of daily intake is safe in 
 human populations. The recent equivocal evidence of increased risk of bone 
 neoplasms in one species of experimental animals exposed to very  high doses of 
 fluoride indicates a need for a raised and ongoing attentiveness to these (and any 
 other) possibilities of adverse effects in human populations experiencing lifelong 
 exposure to fluoride supplementation.  
 
5. In attempting to estimate the consequences of reducing the concentration  of 
 fluoride in drinking water below 1 ppm, the Working Group concluded that such a 
 reduction would inevitably result in an increase in the occurrence of dental caries. 
 The best available estimate of the magnitude of any such increase comes from an 
 interpolation of the data describing increases in childhood caries in communities in 
 which water fluoridation has been terminated, along with the assumption that the 
 historically-documented (downwardly) curvilinear relationship between natural water 
 fluoride concentration and community dental caries rates is applicable. On this 
 basis, the predicted increase for a reduction in fluoride concentration from 1 ppm to 
 0.5 ppm (chosen here for illustrative purposes only) would be of the order of 10-15 
 per cent in the short to medium term (i.e. within 5-10 years). However, the Working 
 Group is aware of the constraints to adopting this approach -most notably the lack 
 of direct data on the change in caries rates consequent upon changes in water 
 fluoride concentration within this range (0.5-1.0 ppm). Therefore, it is acknowledged 
 that the actual change could range from a very small percentage to -in the case of 
 certain groups that have a higher caries rate, including older adults - a substantially 
 higher percentage.  
 
6. In children, the current major need is for effective control over discretionary sources 
 of supplementary fluoride, to avoid excessive intake in some individuals. Avoidance 
 of high individual intake of fluoride in childhood can best be achieved by control of 
 discretionary sources of fluoride. This includes: the introduction of 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.  
 
7.  If, in the light of future health surveillance, there were any future need for a 
 community-wide reduction in long-term exposure to fluoride in adults, this would be 
 best achieved by reduction in the concentration of fluoride in  drinking water.  
 There is an urgent need to upgrade substantially our monitoring of dental health to 
 include older children and adults, and to monitor the levels of fluoride exposure and 
 the occurrence of dental fluorosis in Australia.  
 
 
D. Recommendations  
 
1. Maintain the recommended level of fluoridation of reticulated water  supplies at 1 
 ppm (subject, as in the past, to modulation in accordance with climatic variation).  
 
2.  Those communities with a reticulated water supply that is not fluoridated to the 
 level currently recommended by NHMRC and the Water Resources Council of 
 Australia should be encouraged to do so.  
 
3.  That proposals be developed to:  



 
• reduce the likelihood of excessive ingestion, by young children, of fluoride  from 
 infant formulas and from fluoridated toothpaste. 
 
•  conduct a public and professional (dental and other health-care) education 
 campaign about the appropriate use of discretionary fluoride supplements  (other 
 than toothpaste) in the presence of a fluoridated water supply.  
 
•  ensure that consumption does not exceed NHMRC recommended frequency and 
 dose in communities with unfluoridated water (especially those remote 
 communities), where the use of fluoride tablets or drops in youngchildhood is 
 desirable. The recommended mode of use of fluoride tablets or drops should be 
 widely notified, and included in labeling of all such products.  
 
•  develop monitoring mechanisms to document total fluoride intakes by adults with a 
 view to estimating levels of deposition in bone, bearing in mind that water 
 fluoridation at around 1 ppm appears, on present evidence, to be the main single 
 source of fluoride intake in adults.  
 
•  increase immediately the support for dental public health research and 
 evaluation in Australia. It is necessary to establish a much more detailed and 
 higher-quality data base for the purpose of monitoring trends in dental health 
 (including dental fluorosis) in Australia, and, specifically, for the future evaluation of 
 the effectiveness of water fluoridation, both in children and adults.  



1.  Background, and Terms of Reference  
 
1.1  Background  
 
The Working Group was established, in September 1989, by the National Health and 
Medical Research Council in response to a letter dated July 6 1989 from Drs M. 
Diesendorf, P. Sutton, and J. Colquhoun to the Chairman, NHMRC (see Appendix A). 
Accompanying the letter was a document by Dr M. Diesendorf entitled "A Summary of the 
Scientific Evidence that the Benefits of Water Fluoridation Have Been Greatly 
Exaggerated". An additional updated version of that document was officially received from 
Dr M. Diesendorf, dated November 20, 1989. Subsequently, a re-written version, dated 
January 4, 1990, was also submitted. The letter and three versions of the document are 
referred to collectively in this report as the "Submission".  
The Submission (letter -see Appendix A) argued that "...there was now a substantial body 
of evidence from many countries which leads inevitably to the conclusion that the 
effectiveness of water fluoridation has been greatly exaggerated by its proponents". It was 
asserted that analysis of recent Australian time-trends in dental caries rates (from 1977 to 
1987) reveals similar declines in caries in both fluoridated and non-fluoridated areas. The 
Submission also argued that other factors, including other sources of fluoride, were 
perhaps the more likely explanation for temporal reductions in the rates of dental caries.  
The letter of Submission advanced a six-point argument, based on a review of the 
available data. That argument, in summary, is as follows:  
 
i.  There is no clear scientific evidence to counter the proposition that fluoride 
 ingestion causes little or no reduction in tooth decay. Early and subsequent 
 epidemiological studies reporting beneficial effects of fluoride in drinking water were 
 methodologically weak.  
  
ii.  Since substantial declines in tooth decay have occurred in populations not exposed 
 to water fluoridation (or, in some cases, also not exposed to other forms of fluoride), 
 therefore other factors must be playing an important role.  
 
iii.  High-concentration topical fluorides are likely to have contributed significantly to 
 reductions in dental decay during the period from the mid1970s to the mid-1980s.  
 
iv.  Since the topical effect of fluoridated drinking water is small, this, together with i 
 above, indicates that the regular use of fluoridated toothpaste is likely to be more 
 beneficial than the consumption of fluoridated drinking water.  
 
v. Cross-sectional prevalence surveys of major cities in Australia, New Zealand and 
 the U.S.A. reveal no statistically significant difference in levels of tooth decay 
 between fluoridated and unfluoridated regions.  
 
vi.  Not only were the early epidemiological studies of water fluoridation and dental 
 caries seriously flawed, but questions of possible fraud have been raised about 
 several of the major studies.  
 
The Submission argued that, as a consequence of the misinterpretation of the aggregate 
epidemiological data, "the NHMRC, the Commonwealth and State Governments, and the 
public have been misled on a matter of public health policy".  
 



Further, the submission argued that a number of proponents of water fluoridation in 
Australia have attempted “to suppress and misrepresent the scientific evidence for 
concern about water fluoridation and even to suppress those of us who are trying to warn 
the community”. 
 
The Submission did not seek to raise substantive questions about adverse health effects 
of fluoride. Having noted the existence of evidence "which suggests that low levels of 
fluoride have adverse health effects on some members of the population", and having 
cited several examples in passing, the Submission stated that "the question of adverse 
health effects will not be addressed further in the present submission".  
 
1.2  Terms of reference  
 
The Terms of Reference for the Working Group, as prescribed by the Health  
Care Committee of NHMRC, were framed in direct relationship to the central  
argument of the Submission. The Terms of Reference were as follows:  
 
To determine:  
 
1. What is the reasonable interpretation of the data provided by Diesendorf 
 et al? 
 
2. Given the estimated magnitude of any beneficial effect of water fluoridation, the 
 likely dependence of such benefit upon the underlying dental caries rates, and the 
 estimated benefits achievable via other  contemporary discretionary sources of 
 fluoride, is water fluoridation still a desirable public health policy in Australia?  
 
3. What need is there for systematic research and monitoring of fluoride use and 
 exposure within the Australian population in relation to dental health? If needed, 
 what form might such monitoring take?  
 
1.3  Relationship to previous NHMRC reports  
 
The NHMRC has previously presented two reviews of aspects of this public health topic 
(NHMRC, 1979; NHMRC, 1985).  
In 1979, in its submission to the Committee of Inquiry into the Fluoridation of Victorian 
Water Supplies, the NHMRC reviewed both the effectiveness of water fluoridation in the 
control of dental caries, and the possible toxicity of supplementary fluoride. The NHMRC 
submission concluded that its review provided:  
 
 " .. further justification for its continued endorsement of fluoridation of  
 public water supplies as a safe and effective method of control of  
 dental caries."  
 
In 1985, the effectiveness of fluoridation of drinking water in the reduction of dental caries 
was examined by an NHMRC Working Party. The resultant report concluded that:  
 
 "Examination of scientific literature confirms previous recommendations by 
 Council concerning the safety and effectiveness of fluoridation of water . . . 
 The use of fluoride supplements by children in areas with a low level of fluoride in 
 the drinking water continues to be recommended ... The use of fluoride dentifrices 
 in both non-fluoridated and fluoridated areas continues to be recommended."  



 
In the light of these earlier comprehensive reviews, and given the specific focus of the 
Submission, it was decided that the Working Group would concentrate its attention 
primarily on the matters raised in the Submission.  
 
Despite the fact that the NHMRC had examined the question of possible toxicity of fluoride 
in drinking water in its 1979 review, and although no new evidence of toxicity was 
proffered in the Submission, the Working Group decided to examine the possibility of the 
occurrence of an unacceptably reduced safety margin in circumstances where cumulative 
exposure of individuals to fluoride, from several sources, is relatively high. 



2.  Approach adopted by the Working Group 
 
2.1  Introduction  
 
The Working Group conducted its work during the period September 1989 to November 
1990. Extensive reviews of primary source scientific literature were carried out. Dr M. 
Diesendorf (co-author of the Submission to NHMRC) appeared before the Working Group, 
at its meeting of February 28, 1990, to answer questions about, and to discuss, the 
contents of the Submission. Associate Professor P. Barnard, principal investigator of a 
study in Tamworth, NSW, also appeared before the Working Group, to answer questions 
about the methods and findings of that study.  
 
2.2  Criteria relevant to formulating dental public health policies  

To determine whether fluoride should be added to the community's  drinking water, 
the following criteria must be evaluated:  

 
 a.  Efficacy (see Glossary) of water fluoridation in reducing dental  
  caries.  
 
 b.  Effectiveness (see Glossary) within the contemporary population  
  setting.  
 
 c. Relative effectiveness within that setting, alongside other sources 
   of fluoride and other factors that may reduce dental caries.  
 
 d.  Cost-effectiveness.  
 
 e.  Social equity: Is protection of dental health evenly spread  
  throughout the community?  
 
 f.  Consideration of any risks to the health of the public, including risk  
  to any categories of persons of above-average susceptibility.  
 
 g.  Public opinion about the involuntary consumption of fluoride added  
  to the drinking water supply.  
 
The first six criteria (a to f) can be evaluated by review of the published scientific literature. 
While criterion d entails the research discipline of health economics, criteria a, b, c and e 
depend primarily on epidemiological research. This epidemiological research must be 
informed by knowledge of coexistent influences upon the frequency of dental caries 
(especially in relation to criterion c), and by social-demographic insight (criterion e). 
Criterion f draws upon both epidemiological studies in human populations and animal 
experimental studies done by toxicologists. This criterion leads to consideration of risk and 
risk-benefit relationship, which, in turn, would introduce the notions of 'safety margin' and 
of 'maximum permissible dose'.  
 
Criterion g, to the extent that it is independent of criteria a-f, is an ethical and political issue 
that centres on the issue of civil liberties. It is therefore not solved by reference to scientific 
literature.  
 



If the evaluation of these criteria leads to a conclusion that water fluoridation is desirable in 
order to protect the community's dental health, then the next question is: At what 
concentration should fluoride be added?  
 
The answer depends particularly on whether water fluoridation causes any undesirable 
effects upon health. If there are no known adverse health effects, If it were known that 
there are some adverse health effects of water fluoridation  
- particularly at higher levels of exposure -then it would be necessary to determine if a 
socially acceptable level of exposure exists at which the risk of such effects are deemed to 
be non-existent or negligible. This determination would recognise the concurrent benefits 
to dental health and would therefore be made within a risk benefit framework.  
 
It is within this framework that the notion of 'safety margin' becomes important. A safety 
margin allows for:  
 
1.  The fact that the available scientific evidence may be incomplete and may have 
 underestimated the risk to human health. (This particularly applies when the only, or 
 the main, evidence comes from studies in experimental animals. Inter-species 
 extrapolation entails problems of non-equivalence of internal dose, metabolism and 
 toxic effect.)  
 
2.  The probability that there is considerable variation among individuals in 
 susceptibility to the exposure. 
 
3.  The probability that there is considerable variation among individuals in 
 total cumulative exposure. 
 
 
If, for example, it were known that there is no evidence that water fluoridation has adverse 
effects upon human health below a concentration of 10 ppm, but there is evidence of such 
effect above 10 ppm, then application of a 'safety margin' of a factor of 10 would lead to a 
decision to limit the concentration of fluoride in drinking water to no more than 1 ppm.  
The need to consider the above sequence of criteria in evaluating the relative 
effectiveness of fluoridation of drinking water supplies in Australia is reflected in the 
organisation of material in the text of this report.  
 
 
2.3 Organization of this Report  
 
In light of the terms of reference, this Report aims, first, to provide a critical analysis of the 
Submission. In Section 3, evidence contained in the Submission and additional information 
collected by the Working Group is reviewed to assess the effectiveness of water 
fluoridation in reducing the occurrence of dental caries.  
The Submission's claims with respect to other sources of fluoride are examined in Section 
4, and in Section 5 the caries preventive effects of fluoride vehicles in the presence of 
other contemporary fluoride sources is assessed. Section 5 also considers the evidence of 
Cost-effectiveness of water fluoridation when used in the presence of other contemporary 
sources of fluoride. Section 6 moves beyond the Submission to consider aspects of 
possible toxicity and of safety margins of fluorides. These considerations are applied to 
current knowledge concerning margins of safety in Section 7, where options for modulating 
fluoride intake are also assessed. In Section 8, the needs for additional information, 



monitoring and research are considered. The. conclusions and recommendations of the 
report are contained in Section 9.  
 
3. Review of the evidence of the effectiveness of water fluoridation in reducing the 
occurrence of dental caries 
 
3.1 Introduction  
 
In this Section the central argument of the Submission is critically examined, and the first 
term of reference concerning the interpretation of the Submission's data is addressed. A 
review and critique of the historical evidence concerning water fluoridation is conducted in 
Section 3.2 and the Working Group's statistical analysis of the data contained in the 
Submission is contained in Section 3.3. Further considerations are made using evidence 
from communities which have undergone defluoridation (Section 3.5) and from studies 
which have examined the effects of water fluoridation on adult populations (Section 3.6).  
 
3.2 Review and critique of historical evidence with particular attention 
to studies referred to in the submission 
 
Science and public health policy are often conservative. Paradigms (that is, conceptual 
frameworks) become established and lead to assumptions that permeate the thinking of 
scientists, policy-makers and the general public. However, the fact that this general 
tendency exists does not, of itself, constitute a reason for suspecting that the widely-
accepted water fluoridation 'emperor' has no clothes. The first recourse must be to look -as 
objectively as possible -at all of the available evidence. The Working Group therefore re-
examined a very wide  
range of studies.  
 
Flaws in study design do not necessarily mean that the results of such studies are 'wrong', 
although their results may lack accuracy. Some individual studies may even mislead. 
However, if the accumulated weight of epidemiological evidence, accrued over more than 
forty years and drawing on a range of different investigations (natural fluoridation, artificial 
fluoridation, defluoridation, effects at different ages of exposure, etc.), has actually given 
us a 'wrong answer' -that is, in reality, fluoridation of water does not protect against dental 
caries -then it would have required an unprecedented degree of unintentional bias (or 
intentional bias -that is, fraud) in the conduct and reporting of that research. Having re-
examined that body of historical evidence, the Working Group does not find such an 
explanation plausible.  
 
In the Working Group's review of the historical evidence, the critique of the epidemiological 
evidence contained in the Submission was evaluated. Attention was paid to three aspects: 
first, to general methodological issues of epidemiological research design and statistical 
analysis of data; second, to issues of choice of methods of measurement of the impact of 
fluoride exposure upon dental caries experience; and third, to difficulties and complexities 
of "outcome" measurement in relation to age.  
 
3.2.1  General methodological considerations  
 
Epidemiological research is the basic quantitative science of public health. It seeks, first, to 
understand the distribution and the determinants of states of health in human populations, 
and, second, to identify and evaluate methods of preventing or alleviating illness. The 
research methods of epidemiology are predominantly observational (that is, non-



experimental), although when dealing with a presumably beneficial intervention -such as 
water fluoridation, smoking cessation, cancer screening, and vaccination experimental 
trials are feasible ethically.  
 
3.2.1.2 Controlled intervention trials  
 
Another part of the historical evidence which is criticised within the Submission concerns 
trials where fluoride was introduced experimentally into community water supplies to adjust 
the concentration of fluoride to 1 ppm. Dental caries rates subsequently were monitored to 
assess the effects of water fluoridation. The Submission's criticisms centre on the design, 
conduct and analysis of those trials, particularly the adequacy of the process of caries 
monitoring.  
 
The earliest intervention trials were conducted in North America. They were initiated after 
the observational epidemiological studies of Dean et al, when it had become apparent that 
a raised level of fluoride in drinking water was associated with a reduced frequency of 
dental caries, intervention trials were set up to confirm this apparent protective effect of 
fluoride.  
In principle, this approach should entail the random allocation of communities, from among 
two or more otherwise equivalent communities, to receive either fluoridated drinking water 
(the 'intervention') or non-fluoridated water (the 'control'). The phrase 'otherwise equivalent' 
refers to similarity in other factors (that is, potential confounding factors) that affect the 
occurrence, the detection or the reporting of dental caries.  
 
In practice, the quality of the early intervention trials was generally poor, when judged 
against the above ideal. Random allocation was usually not possible and. the choice of 
'control' populations was often inadequate; insufficient baseline data were recorded to 
allow for adjustment between compared populations; there was a lack of 'blinding' of 
observers in the recording of dental health outcomes;* and detailed and critical statistical 
analyses were often lacking.  
 
It is relevant to note that such departures from idealized experimental design are 
commonplace in epidemiological research into the efficacy of preventive intervention. The 
limitations and deficiencies in research design and implementation reflect the social, 
political, and ethical realities of the circumstances in which the public health intervention is 
introduced. While this does not make for high-grade science and unambiguous results, the 
problem is not peculiar to research in relation to water fluoridation. Because of these 
research limitations and shortcomings, it is necessary to examine critically the totality of 
evidence available and to proceed cautiously in the drawing of inferences.  
 
Five such intervention trials constitute the main source of early experimental evidence 
which supported the introduction of fluoridated water supplies, the first of which occurred in 
Michigan.  
 
Grand Rapids-Muskegon, Michigan, USA  
Dental data of the Grand Rapids study were published first by Dean et al (1950). The 
base-line caries data for this study were obtained in 1944-1945 by detailed dental 
examinations of virtually the entire school population of Grand Rapids (fluoridated in 
January, 1945), Muskegon (unfluoridated), and Aurora, Illinois (containing a natural 
concentration of 1.2 ppm fluoride). There were 19,680 examinations of continuous 
residents in Grand Rapids, 4,291 in Muskegon, and 5,116 in Aurora. The baseline caries 
experience of children living in naturally fluoridated Aurora compared with unfluoridated 



Grand Raids ranged from 38 to 50 per cent less in the primary dentition (ages 4 to 8 years) 
and from 45 to 68 per  
cent less in the permanent dentition. After five years of fluoridation in Grand Rapids, there 
were marked reductions in the caries experience (compared with baseline) of younger 
children: 24 to 49 per cent in the primary dentition of children aged 4 to 8, and 36 to 51 per 
cent in the permanent dentition of children aged 6 to 9. The corresponding temporal 
changes in caries experience of continuous residents of unfluoridated Muskegon were 17 
to 18 per cent reduction (primary dentition) and 2 per cent increase to 28 per cent 
reduction (permanent dentition).  
 
Muske on remained a non-fluoridated control city until July, 1951, at which time city 
officials decided to fluoridate the water because of the significant decrease in caries in 
Grand Rapids. Follow-up surveys were conducted in Grand Rapids and Muskegon after 
seven and ten years, and in Grand Rapids after 15 years (Arnold et al, 1953; Arnold et al, 
1956; Arnold et al, 1962).  
 
Some of the deficiencies of the study are apparent from the reported findings after 10 
years (Arnold et al, 1956). For example, there were some marked differences in the 
number of children examined from year to year. In some years, only a very small number 
of children were examined (for example, three children aged 16 in Grand Rapids during 
1946) with the consequence that the estimated mean DMFT must be regarded as very 
unreliable. This is also reflected in some irregular fluctuations in the overall rate of caries 
decline in Grand Rapids. For example, in some periods, it is apparent that the sampling 
procedure resulted in findings of biologically implausible DMFT rates. In 1946 the 10 year 
old DMFT in Grand Rapids was 3.70 (based on 109 examinations) but in 1947 the 11 year 
old DMFT was 3.56 (based on 18 examinations). The 11 year olds should be 
representative of the same group (or birth cohort) of children who, one year earlier, were 
aged 10. Since it is impossible to experience a real reduction in the DMFT index (which is 
cumulative in nature), it is clear that the observed reduction from 3.70 to 3.56 represents 
some form of error. In this example, and considering the variation in the number of 
examinations which were used to calculate the DMFT index in the two years, it seems 
probable that the error could be attributed to the substantial differences in the number and 
representativeness of subsequent samples.  
 
However the Working Group considers that there is consistency in the full series of 
findings from the Grand Rapids -Muskegon trial. In Figure 1, the data from the complete 10 
and 15 years follow-up (Arnold et al, 1956; Arnold et al, 1962)have been used to construct 
birth cohorts and their DMFT is plotted against age. In Grand Rapids, it is clear that 
children born in earlier years (1936 and 1934, represented by the dotted line) had higher 
DMFT indices, compared with those born in subsequent years (represented by the broken, 
solid and thick lines). Although the specific irregularities in the time series can be observed 
(including the example described previously, shown here in the 1936 birth cohort), the 
consistent pattern which can be observed is successive reductions in DMFT for each 
subsequent birth cohort. In contrast, the data for Muskegon, which also contain some 
irregularities, show a pattern of little, if any, change in the caries experience of children 
born in later years.  
Grand Rapids Muskegon  



 

 

 
Other intervention studies  

Backer Dirks (1974) has summarized three of the other early intervention trials, and 
information from the fifth, at Newburgh - Kingston, is available from Ast and Fitzgerald 
(1962). Each of these studies examined the changes in - caries experience of continuous 
residents in a test city before and after fluoridation, and similar data from a nearby 
unfluoridated (control) city were also obtained. Table 1 presents data from 14-15 year olds 
in each of the five intervention studies summarizing the DMFT prevalence in the test cities 
after fluoridation and the observed DMFT prevalence in the control cities. There was a 
consistent benefit due to water fluoridation of approximately fifty per cent, ranging from 
42.3 to 51.4 per cent.  
DMFT prevalence:  



 

 
 
A methodologically more rigorous intervention trial was commenced in 1955 on Anglesey, 
an island off the coast of Wales separated from the mainland by the narrow Menai Strait 
(Jackson et at., 1985). Only part of the island's water supply was fluoridated, and the non-
fluoridated sector of the island was used as a control. In 1964, the control community on 
the island was also fluoridated. It was decided to use children attending schools in 
Bangor/Caernarvon, two towns on the Welsh mainland adjacent to the island of Anglesey, 
as controls for a 1974 study of caries experience of 5-year-old and 15 year-old Anglesey 
children who had throughout life received fluoridated drinking water.  
 
To avoid the possibility of bias at the time of the examination, it was decided that all 
children should be brought to one central examination centre by coach or taxi. At the time 
of the examination, the examiners were to be kept completely unaware of the community 
from which a child came. The data were analyzed by the Community Physicians of two 
nearby Area Health Authorities.  
 
The average level of fluoride in Anglesey was 0.9 ppm and in the control community it was 
0.01 ppm. Five-year-old Anglesey children had 38 per cent fewer teeth and 47 per cent 
fewer tooth surfaces affected by caries than the control children. Fifteen-year-old Anglesey 
children had 44 per cent fewer teeth and 48 per cent fewer tooth surfaces affected in 
comparison with the control children. Caries on the approximal surfaces of permanent 
incisors was 85 per cent less frequent in Anglesey.  
 
3.2.1.3 Evaluation of patterns of change  
 
In addition to the formal epidemiological studies, referred to in the preceding two sections, 
other useful information comes from documenting the experience of communities 
undergoing water fluoridation as a public health measure. This includes, in particular, 
before-and-after observations. Of these studies, the one conducted in Hastings, New 
Zealand attracted specific criticism in the Submission. In addition, the Working Group 
received submissions concerning the Tamworth (NSW) study (Barnard, 1989, 1990).  
 
Hastings, the first city in New Zealand to fluoridate in September 1954, was originally 
paired with the control city of Napier. However, Napier was subsequently dropped as a 
comparison city because of lack of comparability in baseline caries experience. It was 



suggested by Ludwig and Healy (1962) that vegetables grown in and around Napier were 
higher in molybdenum than in Hastings and a possible anti-caries effect of molybdenum 
was therefore responsible for the differences in baseline caries experience. Hence, the 
Hastings fluoridation project became a "before and after" comparison.  
 
The Submission claimed that:  
 
 "In the Hastings, New Zealand, trial, the decline in tooth decay resulted mainly from 
 instructions to dental therapists to find and fill fewer cavities. The instructions, which 
 were never mentioned in published reports of the trial, were revealed recently in 
 material obtained by Colquhoun by means of a request under the Official 
 Information Act in New Zealand . . ."  
 
This claim appears to rest on the interpretation by Colquhoun and Mann (1986) of the 
Hastings fluoridation project.  
 
Prior to the first survey of Hastings (and Napier), the Director of the Division of Dental 
Health instructed that prophylactic ings (a "preventive" filling placed in pits and fissures in 
the occlusal surfaces of teeth prior to the development of decay -see Glossary) would 
cease in Hastings, as would topical application of sodium fluoride. This instruction was 
given in the belief that such prophylactic measures would become redundant because of 
the anticipated preventive benefits of fluoridation.  
 
Debate has ensued on how this instruction influenced the subsequent decline in dental 
caries in Hastings. It appears that difficulty was experienced in altering the treatment 
decisions and placement of prophylactic fillings by dental nurses in the School Dental 
Service. Even though Ludwig had worked individually with dental nurses in 1955 to alter 
their treatment decisions, concern was still being expressed in 1957 (Crisp, 1968). This 
reduces the possible role of changing treatment decisions between 1954 and 1957. Yet, at 
the first follow-up examination, there were marked reductions in DMFT levels of 6 and 7 
year olds (Ludwig, 1958), as shown in Table 2.  



 

Hunter has stated that the diagnostic criteria for approximal and gingival surface caries 
were not changed by the Division of Dental Health until 1977 (Hunter, 1986). Hunter states 
that:  
 



'This does not support the ... generalization that the claimed reductions in decay were 
brought about partly, if not mainly, by a local change in diagnostic procedure following the 
introduction of fluoridation" (Hunter, 1986).  
 
To summarize the analysis of the Hastings study, it appears that there are three 
deficiencies in the Submission's claim. First, the decision to cease prophylactic fillings 
appears to have been based on existing scientific understanding that there would cease to 
be a need for such treatment, rather than an attempt to affect any findings from the study. 
Second, there is doubt concerning compliance with the directive to cease prophylactic 
fillings. Third, separate analyses of reductions in caries at tooth sites unaffected by 
prophylactic fillings reveals substantial declines at those sites. It is therefore the opinion of 
the Working Group that the Submission accepts the earlier claim of Colquhoun and Mann 
uncritically, that the Submission's claims with respect to the conduct of the Hastings trial 
are unsubstantiated, and that the imputation of fraud is not justified.  
 
The Tamworth, New South Wales, Study  
 
In their Submission, Diesendorf, Colquhoun and Sutton stated that:  
 
 Questions of possible fraud have been raised about several of the most  famous 
trials, including the conduct of the Hastings, New Zealand,  fluoridation trial and the 
misleading public presentation of the results of the  Tamworth, Australia, trial.  
 
Further, Diesendorf stated in the accompanying paper:  
 
 'The conduct of some of the trials (e.g. Tamworth, NSW and Hastings,  
 New Zealand) even raises questions of possible fraud."  
 
With regard to the Tamworth trial, Diesendorf went on to state:  
 
 "In not one of the Australia fluoridation trials has there been simultaneous 
 observation of changes over time in both decay in the test community and  an 
 appropriate unfluoridated comparison population. In particular, in the Tamworth trial, 
 which has been used to promote fluoridation widely in Australia, most of the 
 reductions in toot decay occurred too late to have been caused by fluoridated 
 water..., but this fact was not mentioned in the results or the official publicity of the 
 trial."  
 
In essence, Diesendorf proposes that an interpretation of the Tamworth trial data indicates 
that most of the reductions in tooth decay could not have been caused by fluoridated 
water. Therefore, he argues, any implication that the Tamworth data support the 
effectiveness of water fluoridation would be a misleading presentation of the results, and 
that invites questions of fraud.  
 
The Tamworth trial consists of an extended series of cross-sectional surveys of children 
aged 6 to 15 years old, beginning in 1963 with a baseline pre-fluoridation survey and 
carrying through to a 1988 survey (Barnard 1989, 1990). Tamworth's drinking water was 
fluoridated in 1963.  
 



Table 4. presents a range of caries experience data for six and twelve year-old 
children over the period  
 

 
The decrease in caries in six year-old children up to 1970, when continuous residents 
would have achieved full lifetime exposure to fluoridated water, represents both the largest 
absolute and proportional change against the baseline data. In addition, the decrease in 
both the primary and permanent dentition approximates that observed in the historical 
observational studies.  
 
For 12 year-olds, the decrease in caries between 1963 and 1973 was 48.8 per cent, and 
between 1963 and 1979 the decrease was 71.4 per cent. It is evident that the largest 
absolute and proportional change against baseline would have occurred across the years 
1963 to 1975 when 12 year old children would have achieved full lifetime exposure.  
Neither is the continued decrease in caries experience of Tamworth children after reaching 
full lifetime exposure inconsistent with water fluoridation being effective. Instead, these 
data are consistent with the additive interaction of fluoride in water with other 
(discretionary) fluorides which gained wider usage from 1970's onwards. For instance, 
between 1970 and 1978 toothpaste with fluoride increased in market share from a 
negligible level to over 90 per cent.  
- 
Although the pre- and post-fluoridation design of the Tamworth trial is readily criticised, the 
results are consistent with water fluoridation being effective. Certainly, most of the 
reductions in tooth decay did not occur too late to have been caused by fluoridated water, 
and continued decreases observed are not inconsistent with additive benefits from other 
preventive measures. Interpretations of the Tamworth trial data must be judged against the 
knowledge available at the time. The Working Group had no evidence presented of 
misleading presentations of the Tamworth data. Therefore, the question of fraud is not 
sustained.  
 
 



3.3  Review of the Australian time series data contained in the Submission  
 
3.3.1  Features of the measurement of dental caries experience,  
The Submission selected data describing the caries experience in the permanent dentition 
of 10 year old children from School Dental Services of the Australian States and Territories 
to suggest that water fluoridation in Australia is inefficacious. Before examining those data, 
it is appropriate to consider some of the underlying features of the measurement of dental 
caries experience. In particular it is worth noting that any assessment of the efficacy of a 
caries preventive agent can be expected to differ according to the age of the -Population 
under study, the index used to measure disease, and the provision of any other preventive 
agents.  
 
3.3.1.1  Age variations in dental caries experience  
The Submission selected 10-year-olds as the exemplar age group to examine the 
effectiveness of water fluoridation. The average levels of tooth decay in 10yearolds in 
1987 are shown in Table 1 of the Submission for each capital city. Some of the results for 
10-year-olds in Australia are shown in Figure 2 of the Submission.  
 
Elsewhere, the Submission refers to studies involving 5 to 17 year olds. Diesendorf, in his 
appended paper "The decline in caries in school children in Australian capital cities from 
1977 to 1987", presents data for 6- to 12-year-olds.  
 
There are three age-related stages of development of the dentition which are important to 
consider when assessing patterns of change using population data. The first stage, the 
primary dentition, involves deciduous tooth eruption and lasts through to the eruption of 
permanent •teeth, usually the incisors, at ages 5 to 6 years old. The second stage (the 
mixed dentition stage) lasts from the eruption of the first permanent teeth through to the 
exfoliation of the last deciduous tooth, usually around 12 years old. The third phase, the 
permanent dentition, begins with the exfoliation of the last deciduous tooth.  
 
Up to the age of 5 or 6 years old, the experience of the primary teeth determines the 
outcome measures of dental caries. In the mixed dentition stage, caries experience in both 
dentitions may simultaneously be important. However, as the number of primary teeth 
decreases and the number of permanent teeth increases from age 5 to 12 years old, the 
number of teeth or tooth surfaces available to be examined in measurements of dental 
caries changes. Consequently, separate indices of caries experience for the primary and 
permanent dentitions are used, and the former is generally regarded as valid only up to the 
age of eight years. However, it is also relevant to note that, during the mixed dentition 
stage after the eruption of the permanent incisors and first molars, there is a minimal 
change in the number of permanent teeth and tooth surfaces at risk up to 11 or 12 years of 
age.  
 
Outcome measures of dental caries of permanent teeth in the mixed dentition therefore 
reflect the experience of a limited number of teeth. After the exfoliation of the primary teeth 
and eruption of canines, premolars and second molars, the number of teeth and tooth 
surfaces at risk of caries experience again rapidly increases. This occurs over the ages 11 
to 14 years old.  
 
In addition to these variations due to the eruption patterns of teeth, there are differences 
between the dentitions in the natural pattern of disease. In the primary dentition, caries 
experience reflects a high level of smooth surface caries see Glossary). Even though 
primary teeth are at risk for a relatively limited number of years, a high rate of progression 



of caries at those sites leads to many approximal carious lesions. For example, in South 
Australian school children in 1985, 79 per cent of restorations in primary teeth involved an 
approximal surface  
(Dooland, 1989).  
 
In the permanent dentition, an identifiable hierarchy of risk exists among tooth' surfaces 
and teeth when the extent of caries in populations is examined. The most susceptible sites 
in permanent teeth are the fissured surfaces (particularly the occlusal surfaces) and the 
first molars are therefore the teeth at greatest risk. In contrast, the rate of attack on smooth 
surfaces is slow (some estimates are as long as 6 years), so that the approximal aspects 
of those teeth tend to develop clinical caries later in the mixed dentition or in the 
permanent dentition stage. The only other permanent teeth that erupt early, the incisors, 
have a lower risk of caries, and this is particularly true for the lower incisor teeth. 
Permanent caries up to adolescence, therefore, is dominated by fissure surface caries, 
particularly on the occlusal aspects. For example, in South Australian school children in 
1985, only 17 per cent of restorations in permanent teeth involved an approximal surface 
(Dooland, 1989).  
 
These differences in the expression of caries and their age-relatedness are important in 
assessing the effectiveness of water fluoridation at different ages in childhood. Water 
fluoridation has its greatest effectiveness (when measured in terms of percentage 
reduction in caries experience among children) in the reduction of smooth surface caries 
on the buccal or lingual surfaces of teeth. The effectiveness on approximal smooth 
surfaces is somewhat less, and the effectiveness upon the fissured surfaces is least, when 
assessed in terms of percentage reduction in caries.  
 
Comparisons of caries experience among children of different ages from fluoridated and 
non-fluoridated areas reflect the differences in caries rates in different dentitions, teeth and 
teeth surfaces at risk. It is therefore not surprising that recent reviews of the literature have 
noted an age-related effectiveness of water fluoridation. Newbrun (1989a) states that in 
the United Kingdom "it is possible to discern a pattern of greatest reduction of caries in 
primary teeth and less reduction of caries in permanent teeth, with the mixed dentition 
falling in between." In the USA, Brunelle and Carlos (1990) showed a 39 per cent 
difference in caries in the primary dentition for 5 year olds, a 32 per cent difference in 
permanent teeth caries experience in the mixed dentition of 7 year olds, and between an 
18 and 22 per cent difference in other child age groups. In South Australia, Dooland (1989) 
has documented a 38 per cent difference in primary caries experience (dft) for 6 year olds 
in 1988 between fluoridated and non-fluoridated areas (see also Section 3.6). The South 
Australian data also show a reduced difference in permanent caries experience (DIMFT) 
for older children.  
 
3.3.1.2  The index used to measure caries experience  
There are three characteristics of dental caries which have influenced the epidemiological 
measurements of the disease in populations. These are: the irreversible nature of caries 
(once a clinically detectable cavity has occurred); the chronic nature of the disease with 
the consequence that individuals experience a cumulative number of affected teeth; and 
the widespread distribution of caries, which has been observed in virtually all human 
populations studied. In view of these characteristics, the severity of caries, expressed as 
numbers of teeth or tooth surfaces affected, has been used to measure caries since the 
1930's. In this Three states of involvement can be described in formulating this index of 
severity: decayed; missing (extracted because of caries); or filled. These descriptions of 
caries experience form the basis of the acronym, DMF. The states of involvement are not 



all mutually exclusive. Hence, rules exist for dealing with competing states on a tooth. A 
further component of the index is introduced when observations of states of involvement 
are made on individual teeth (hence, DMFT' or individual surfaces of teeth (hence, DMFS) 
. The latter represents a more sensitive index since two sites of caries experience on a 
single tooth will contribute independently to the total index. For example, a tooth with a 
filled occlusal surface (or biting surface - see Glossary) and a decayed buccal surface (at 
the side of the tooth) would contribute differently to the DMFT and DMFS indices. In the 
case of the DMFT index, the tooth would simply be scored as decayed, and the evidence 
of past, treated decay would go undetected. However, the same situation would contribute 
to both the decayed and filled components of the DMFS index.  
 
An example of the differing sensitivity of the DMFT and DMFS indices is provided by 
findings from the 1986/87 US National Institute of Dental Research survey of children aged 
5 to 17 (Brunelle and Carlos, 1990). The Submission presents Yiamouyiannis' 
interpretation of data from this study which is presented as Figure 1 in the Submission, 
with the conclusion that there is no significant difference in average tooth decay (as 
measured by DMFT) between children of the fluoridated and unfluoridated cities at any 
age from 5 to 17. However, Brunelle and Carlos (1990) have shown that among children 
with permanent residency and using the DMFS index there was an 18 per cent difference 
in caries experience. This is noted in the supplement to the Submission (November, 1989), 
but the reasons are not explored.  
 
There are further methodological difficulties when cross-sectional, prevalence data 
(measured using either the DMFT or DMFS indices) are used to make inferences 
concerning cause, especially when consideration is given to the roles of concurrent 
preventive interventions and migration. One methodological difficulty concerns the 
establishment of a temporal sequence between exposure and prevention of disease. For 
example, it is impossible to establish, using existing School Dental Service data, if a group 
of 10-year-olds with a DMFT prevalence of 1.0 developed disease before or after their 
exposure to some preventive intervention. The second difficulty relates to the inability to 
determine the number and nature of sites which have been at risk. For example, missing 
teeth and, effectively, filled teeth cannot be regarded as "at risk" and cannot therefore 
benefit from an efficacious intervention or some other change in risk status.  
 
In view of these considerations, the DMFT index must be viewed as the least sensitive 
method of measuring caries, and prevalence data provide the greatest uncertainty in the 
interpretation of differences in risk (from which evidence for causation would be inferred). 
To some extent these deficiencies are diminished when unambiguously large differences 
in disease are present, or when the data can be constructed to convey additional 
information (eg as a series containing multiple points in time). However, the elements of 
uncertainty accumulate as sources of random error in the data series used byDiesendorf 
and colleagues, and may effectively obscure the detection of true underlying differences in 
disease which can be attributed to water fluoridation.  
 
3.3.1.3 The provision of other preventive regimes  
With the growth and maturation of dental care programmes for children, a growing number 
of the preventive interventions are directed preferentially to those children 30 diagnosed at 
greatest risk of dental caries. Major differences exist between areas with fluoridated and 
non-fluoridated water in the rate at which key preventive interventions are delivered. For 
example, in 1982, major differences existed in the use of topical fluorides in fluoridated 
and non-fluoridated areas of South Australia. Among those children who had resided in 
fluoridated areas for three months or less and who had not taken fluoride tablets, 30.9 per 



cent received topical fluoride. In contrast, the rate was only 3.1 per cent among those 
children who had resided in a fluoridated area for more than a 3 month period and who 
drank top water (Dooland, 1982). This type of variation in the exposure of communities 
within one State to non-water sources of fluoride can also be presumed to apply to 
comparisons among States.  
 
If such targeted preventive interventions were successful, the difference between the 
levels of caries in children in fluoridated and non-fluoridated areas would be expected to 
be reduced. However, this desirable outcome would have been achieved at considerable 
cost in non-fluoridated areas as clinical preventive measures are time-consuming and 
labour intensive.  
 
As these preventive interventions are dependent on making dental visits they do not exert 
as much influence on caries in the primary dentition, but may influence caries in the 
permanent dentition throughout life. It may be posited that the difference in caries 
experience of the primary dentition found among young children may reflect more 
accurately the underlying differential in caries experience between fluoridated and non-
fluoridated areas while the comparisons for older ages may be confounded by the impact 
of targeted preventive interventions.  
 
3.3.2 Analysis of the Submission's interpretation of the Australian time series data  
The major results and conclusions in the Submission relate to the data contained in Table 
1 of the Submission. The table presented in the Submission consists of annual data on the 
average prevalence of caries in permanent teeth, as measured by the DIMFT index (see 
glossary), for the children from School Dental Services in the state and federal capital 
cities of Australia. These average caries prevalence rates in permanent teeth are 
disaggregated by city, year and age. The results section of the Submission also contains 
two figures plotting DIMFT in 12-year-old school children (Fig. 1)and 7-year-old children 
(Fig. 2) in five Australian capital cities, 1977 to 1987, as well as a table presenting absolute 
and percentage reductions in DIMFT of 12-year-olds between 1982 and 1987 and 
between 1977 and 1982.  
 
All analyses in the Submission are entirely descriptive, and can be countered by 
descriptive arguments. For example, the paramount paragraph states:  
 
 "In 1987, the levels of tooth decay at most ages in unfluoridated Brisbane were less 
 than those at the corresponding ages in Melbourne and were approximately the 
 same as those in fluoridated Adelaide and Perth. This is the principal result of this 
 paper and it is actually true for every year from 1983 to 1987 inclusive." (See 
 Appendix A).  
 
Such a descriptive analysis fails to note that the levels of tooth decay in Melbourne in 1977 
(the year of fluoridation for Melbourne) were substantially higher than for Brisbane. So, if 
the factors that were placing Melbourne's values at so much higher a level than those for 
Brisbane in 1977 were in operation in 1987, and if water fluoridation were having no effect, 
one would expect Melbourne's values to still be substantially higher than Brisbane's; 
analogous descriptive arguments hold for other comparisons.  
 
3.3.2.2 Features and adequacy of the data series  
There are a number of features of the data series which suggest that limited conclusions 
concerning the role of fluoridation should be drawn. The main deficiencies are:  



1) Although the time series contains 49 observations for each year (1977 and 1987), the 
data pertain to only seven separate sites. More complete data covering a greater number 
of points in time are available from Australian sources (Spencer 1986a, 1986 -see Section 
3.2.1.3) and demonstrate a significant contribution by fluoride vehicles to the decline in 
dental caries among adolescents.  
 
2) The data for the time series itself consists only of two points in time*. It is apparent in 
the figures that quite different interpretations can be drawn when the data are collected for 
different points in time, particularly with regard to the rates of decline in Brisbane during 
the 1980s (see Figures 1and 2 of the submitted manuscript).  
 
3) Despite the implied assertion within the Submission that the data series cover equally 
representative samples of primary school children from all the States and Territories 
(pages 1 and 4 of the submitted manuscript), there were significant changes in the 
number, proportion and type of schools provided care during the period 1977-1987, and 
the expansion of School Dental Services differed markedly among the States and 
Territories. Although some attempt has been made to account for these differences in the 
analysis, the extent to which variations in expansion of School Dental Services act to 
confound the observed variations is unknown. As well, it is apparent that there have been 
major changes in the targeting of services to different socio-economic groups during this 
time period. Socioeconomic status has been demonstrated to be associated with dental 
caries in children (Carmichael et at, 1984).  
 
4) Further variations exist among the School Dental Services with regard to the type of 
services provided. In particular, the States and Territories have, at different times, had 
significantly different recall periods, and have used preventive regimens (topical fluorides, 
fissure sealants) to varying degrees. These factors have demonstrated influences on the 
pattern and progression of dental caries.  
 
 
3.3.2.3 The Working Group's interpretation of the time series data  
The Submission's analysis of the time series contained in the supplement submitted to the 
NHMRC is inadequate. Simplistic and uninformative analyses are presented and there is a 
failure to conduct any formal hypothesis tests in support of the assertions. It is incorrectly 
asserted  that the time series shows evidence of equivalence in rates of caries decline. 
The detailed multivariate analysis conducted by the Working Group indicates that water 
fluoridation accounts for six per cent of the variance in caries experience (when controlling 
forage and time effects) and that it has a protective effect. Because of the inherent 
limitations of the data it is difficult to quantify this effect precisely. However it appears that 
water fluoridation accounted for a 60 per cent reduction in DMFT in 1977 which decreased 
to a 40 per cent effect in 1987. Both of these are likely to  
be underestimates.  
 
To some extent, this limitation has been overcome in the present analysis by using the 
proportion of time exposed to fluoridated water.  
 
The detection of a positive effect of water fluoridation in reducing caries experience within 
a data set with identified deficiencies (aggregated data; lack of control for residential and 
fluoride history; use of DMFT prevalence rather than more sensitive measures) indicates 
that water fluoridation is likely to have a relatively robust effect.  
 
3.4 Australian community studies 



During and after the period covered by the time-series data, a number of community-
based studies have been conducted in Australia that offer more direct comment on the 
effectiveness of water fluoridation and the rate of confounding in ecological studies. Three 
such studies that share a number of common features are Wimmer's study of Tasmanian 
children in 1979-80 (Wimmer, 1985); Brown, Mulqueen and Storey's study of children in 
Melbourne and Geelong in 1985 (Brown et al, 1990); and a study by Stockwell et al (1990) 
in West Australian school children.  
 
The features which these studies have in common include:  
 
1. samples with wide representation of different but known socio-economic groups in both 
fluoridated and non-fluoridated area;  
 
2. concurrent collection of residential and fluoride history data from individual subjects;  
 
3. dental examinations conducted for the purpose of each study by one dentist with 
procedures commonly accepted in oral epidemiological studies; and  
 
4. an approach to classifying fluoride exposure that enabled separate as well as combined 
intake from different sources of fluoride exposure to be estimated.  
 
All three studies provide information on residential mobility and its influence on fluoride 
exposure and use of fluoride supplements. These confounders were. found to be important 
in assessing the effectiveness of water fluoridation, reinforcing the view that the analysis 
presented by the Working Group on the time-series data may underestimate the 
effectiveness of water fluoridation.  
 
Wimmer (1985) studied the prevalence of caries and enamel opacity and hypoplasia in 
1,971 Tasmanian children, aged 6, 8, 10, 12 and 14 years, living in fluoridated and non-
fluoridated areas. The study involved a questionnaire on the  
child's lifetime residential history, use of fluoride tablets, type of drinking water, and history 
of dental care. Dental examinations were conducted following the criteria and methods of 
the World Health Organisation (1977).  
 
Important background information presented by Wimmer includes the use of fluoride 
tablets by 22.2 per cent (only 1.7 per cent reported regular daily use)and the observation 
that 81.8 per cent of children had some experience of fluoridated water (only 21.4 per cent 
reported lifelong exposure to fluoridated water). Further, enamel opacity and hypoplasia 
showed little variation among different fluoride exposure groups.  
 
The prevalence of caries was measured by the dmft and DMFT indices. The most 
revealing comparison within the data is that of a high fluoride exposure group (almost 
exclusively lifelong exposure water fluoridation) and a no fluoride exposure group (no 
exposure to water fluoridation or use of fluoride tablets). Both groups were presumed to 
have made use of fluoridated toothpaste. Some key comparisons are presented in Table 
5.  



Table 5. Caries experience in Tasmanian children with high- and low-fluoride 
exposure* Index of 
 

 
While Wimmer's study would have been strengthened by some measure of use of 
fluoridated toothpaste and analysis of caries differences within the socioeconomic strata 
used for the sampling strategy, both these aspects were included in the design of the 
Victorian study of Brown et al (1990) of children in fluoridated Melbourne and unfluoridated 
Geelong.  
Brown et al (1990) aimed to investigate the severity of caries in eight year old children in 
Melbourne and Geelong, and the effect of factors such as socioeconomic level, water 
fluoridation, use of fluoride tablets and toothpastes. They used a questionnaire to provide 
information on use of fluoride tablets, covering both length and frequency of usage, 
proportion of the child's life in an area with fluoridated drinking water, age at which 
toothbrushing began, and whether or not the child's mother took a fluoride supplement 
during pregnancy. All children were dentally examined, following the criteria and methods 
of the World Health Organisation (1977).  
The concurrent information on exposure to fluoride, presented in Table 6 again highlights 
the potential confounding in contemporary ecological studies.  



 

  
Not only do these data show the extent of confounding which would occur in a simple 
comparison between children in Melbourne and Geelong, they also show the limited use of 
fluoride tablets in non-fluoridated areas and low compliance with recommendations on 
frequency and duration of use. This finding supports the view that fluoride tablets, while 
effective if taken as recommended, are not a satisfactory alternative to fluoridated drinking 
water as a public health measure.  
 
Brown et al (1990) present a comparison of caries prevalence using the dmft index for 
permanent residents from three social classes, and their findings are summarized in Table 
7 



 
Table 7.  8 year old dmft in Melbourne and Geelong  

 
8 year old dmft*  

Social 
Class  

Melbourne 
(fluoridated)  

Geelong 
(unfluoridated)  difference  

Low  3.2  4.3  25.6  
Medium  2.2  3.4  35.3  
High  1.3  2.0  35.0  
Overall  2.4  3.5  31.4  
 
* 2-way Analysis of Variance with significant main effects for social class and city (p<0.05). 
From Brown et al (1990).  
 
The most recent study is that of Stockwell et at (1990) which, in many respects, replicates 
the methodology and extends the analysis of Brown et al (1990) Stockwell et at (1990) 
examined children in pre-primary, primary and high schools in the non-fluoridated 
Bunbury/Busselton region and the Perth metropolitan region of Western Australia during 
1987. In addition to dental examination data, they collected information on usage of 
fluoride supplements and intervals of residency in each of the regions. The Australian 
Bureau of Statistics' Indicator of Socio-Economic Status was used to assign a 
socioeconomic status indicator (SESI) to schools in both regions, and provided the means 
to examine the effect of SESI in the subsequent analyses. Information on the use of 
fluoridated toothpaste was not collected because, as the authors reported, approximately 
95 per cent of all toothpastes sold in Western Australia were fluoridated. Important 
differences in fluoride supplement usage, intervals of residency and SESI were observed 
between the regions - see Table 8.  

 
 
 
There were statistically significant differences in caries experience (measured using the 
dfs and DFS indices) between the two regions, with caries reductions in  
 



the primary dentition ranging from 17.4 to 29.1 per cent, and in the permanent dentition 
from 10.4 to 40.9 per cent.  
The more extensive analytic procedures which were used to control for the potential 
confounding effects of the characteristics in Table 9 used the proportion of children with 
one or more decayed, missing or filled teeth as the measure of caries frequency. This 
measure (formally referred to as the prevalence rate) was used in a stratified analysis of 
caries prevalence and in a logistic regression analysis. The findings for the stratified 
analysis were presented as ratios of prevalence between Bunbury/Busselton and Perth 
whilst for the logistic regression analysis, a variation of this ratio (the prevalence odds 
ratio) was presented. These findings allow the percentage difference in caries prevalence 
between the two regions to be calculated (Table 9). It should be noted that these 
calculations of percentage differences are expected to indicate a different magnitude of 
effect compared with the percentage difference in the DFS or dfs indices, since the two 
measures (one of caries prevalence, the other of caries experience) have different 
sensitivities, as discussed  
previously in Section 3.3.1.  

 

 
 
Taken together, these three studies of Australian child populations provide consistent 
evidence of the benefits of water fluoridation in contemporary settings where multiple 
fluoride vehicles have been widely available. As discussed in Section 3.3.1, considerable 
variation can be expected in studies of children and young adolescents, where the 
development and progression of dental caries varies substantial with changes from a 
primary to permanent dentition. After controlling for important differences in the 
characteristics of the study populations (including residential mobility, use of fluoride 
supplements and socio-economic status), the benefits reported in these studies range 
from 17 to 55 per cent in the caries experience of the primary dentition, and from 10 to 51 
percent in the permanent dentition 



A further conclusion which can be drawn from the three contemporary Australian studies 
concerns the importance of adequate design, conduct and analysis data from oral 
epidemiological studies. The studies demonstrate the need to carefully collect dental 
examination data from properly identified samples of persons, and to obtain additional 
information about characteristics which are known to influence the frequency of dental 
caries. Indeed, each study highlights the level of misclassification which can occur in 
simple comparisons of data from fluoridated and non-fluoridated regions. When these 
confounding effects were accounted for in the analyses, there was a consistent of reduced 
caries experience for those children exposed to water fluoridation.  
 
However, some limitations of these Australian studies are also apparent:  
 
1. The statistical evaluations of aspects of some of the studies may not be appropriate in 
view of the underlying assumptions for statistical tests; 
 
2. Information used to quantify the socio-economic status of the study participants was 
collected only at grouped levels (frequently using school classification schemes); and 
 
3. There is further potential to obtain more precise information concerning historical 
exposure to fluoride vehicles. 
 
Hence, there clearly is a need to develop the Australian database further, and to extend 
the methods used in these studies. One enhancement would be a more thorough 
statistical evaluation, including formal considerations of the most appropriate method for 
analysis of contemporary data. Another area of investigation which must be addressed 
promptly is the caries experience of persons in age groups other than childhood. A further 
requirement is the refinement in the measurement of additional explanatory variables. For 
example, the measurement of socio-economic status of individuals and families would be 
valuable, and more detailed information on historical exposure to a full range of fluoride 
vehicles would assist in the interpretation of their benefits.  
 
3.5 Review of published evidence in relation to communities undergoing defluoridation of 
drinking water  
 
Reports have been made from seven sites describing the effects of a reduction in the 
fluoride content of water supplies. Four of these studies report the prevalence of caries at 
about the time of defluoridation and for periods ranging from two to ten years thereafter. 
Three studies provide similar "pre and post-defluoridation" surveys, and also include 
observations from a nearby (control) city which at no stage had fluoridated water. The 
changes in dental caries experience are summarized in Table 10. In addition, the city of 
Galesburg, Illinois, in which Dean had investigated fluorosis, provides a setting where the 
natural concentration of fluoride in drinking water changed from 2.0 ppm to less than 0.1 
ppm for a period of two years prior to the fluoridation of the new water supply to 1 ppm 
(Way, 1964).  



 
Caries experience of children migrating to non-fluoridated Coldwater, Michigan  
Burt et al (1986a) conducted a longitudinal study' of children aged 6 and 7 at baseline 
(1979) in unfluoridated Coldwater, Michigan. Twenty one per cent of these children had 
lived for six months or more at a fluoridated city prior to their residency in Coldwater, and 
at baseline they had a lower DMFS prevalence (41 per cent) than children who had lived 
all their lives in non-fluoridated communities  



3.5.1 Interpretation of the defluoridation studies  
 
Some of these studies cover the period before the widespread availability of discretionary 
fluorides (such as toothpaste and professional applications) and others, during the late 
1970s and 1980s, reflect the influence of both fluoridated water and discretionary fluorides. 
The early studies, in Galesburg, Antigo and Kilmarnock, indicate an increase in dental 
caries following cessation of fluoridation. Although some of the percentage increases in 
two of those studies (Galesburg and Antigo) are, perhaps, surprising, the initial caries 
rates were unusually low (2.0 DMFT or less) because of lengthy or lifetime exposures to 
fluoride in water at concentrations of 2.0 ppm (in Galesburg) or 1.0 ppm (in Antigo). -+-9 
ppm. Small actual increases in caries prevalence then register as large percentage 
increases in those instances. Increases in caries were also noted in Karl-Marx-Stadt under 
the unique conditions of unintentional reduction of available fluoride in the water supply.  
 
There are differences in the reported effects of defluoridation from more recent studies. 
The study in Tiel-Culemborg indicated that termination of water fluoridation in 1973 offset 
the decline in caries of more then 50 per cent (stated by the authors to be due to multiple 
vehicles for discretionary fluorides such as toothpaste and mouthrinses) observed in the 
control city. In contrast to this 50 per cent decline in caries, an increase of 9 per cent in 
DMFT levels among 15 year olds was observed after 10 years of defluoridation in Tiel. In 
the Wick study, where defluoridation occurred in 1977, clear increases in _primary caries 
experience were observed among 5-6 year olds after five years of defluoridation. The 
exception to this pattern was observed for five years olds in Stranraer, which was 
defluoridated in 1983. In that instance there was continued reduction in 5 year old dmft 
after three years of defluoridation. However, there was also a small increase in 10 year old 
DMFT after three years of defluoridation in Stranraer.  
 
In many respects the data from Coldwater, Michigan, provide more rigorous (longitudinal) 
evidence of changes in caries incidence. In this instance the difference in prevalence 
among exposed and unexposed children was observed to diminish from 41 to 30 per cent 
during three years.  
 
The different effects observed in these studies may be due in part to the use of different 
indices in different age groups after varying periods of defluoridation. The variation in the 
magnitude of the effects may also be due to differences in the availability and use of 
discretionary forms of fluoride between the different countries. The Working Group 
believes that the findings from these eight studies, conducted at different points in time in 
several countries using a range of measures of caries experience among various age 
groups, indicate a consistent pattern of the effects of defluoridation. In all reported studies, 
there was some increase in caries experience after defluoridation. Increases were more 
consistent after five or more years of defluoridation, and it appears that the most 
immediate effects are observed in the primary dentition. In several studies, this increase 
occurred in a setting of reducing dental caries in comparable (control) populations. It 
appears that findings from studies conducted during the last decade demonstrate a 
smaller increase in caries experience following defluoridation compared with the studies 
from the 1960s, and this may reflect greater availability and use of discretionary forms of 
fluoride, such as toothpastes and professional applications.  
 
In aggregate, then, the findings from the more recent studies, particularly those which 
used a follow-up period of five or more years, demonstrate an increase in caries 
experience predominantly in the range of 20 to 80 per cent. The figure appears to be at the 



upper end of this range for the primary dentition, and in studies which have followed 
subjects for longer periods.  
 
3.6 Studies of the effectiveness of water fluoridation on dental caries in primary teeth  
Data from the School Dental Services of four Australian States were presented to the 
Working Group documenting temporal trends and differences between fluoridated and non 
fluoridated regions with respect to primary caries experience (Dooland, 1989).  
In 1976, the South Australian School Dental Service introduced routine processing of 
examinations conducted by its dental operators. Prior to this time, information on the 
dental health of children across the State was available irregularly from a combination of 
analyses of treatment records and special studies. The data from both sources describing 
the caries experience in the primary dentition of six year olds are presented in Figure 2. As 
can be seen, the dental caries experience for primary teeth was greater in Adelaide than 
other parts of the State until around 1974-5 when the position was reversed. From 1974-5 
to around 1978-79 the rate of fall in dft was greater in Adelaide than elsewhere, after which 
time the dft in both areas continued to fall, but at a comparable rate. The data also suggest 
that a fall in dft may have been under way prior to 1971/72, and although any conclusions 
would necessarily be tentative, the change between 1969/70 and 1971/72 seems 
equivalent in both areas. As Adelaide's water was fluoridated in 1971, the changes in 
dental caries prevalence and their timing are consistent with the hypothesis that water 
fluoridation is responsible, possibly in association with other  
 



 
However, even more informative are the results of a recent examination of the dental 
health of children attending the same clinics used in the 1971/72 study. The results are 
presented in Table 11. In 1988 the dft for six year olds was 38 per cent greater in the non-
Adelaide, low fluoride clinics when compared with children attending the Adelaide clinics, 
despite the fact that the dft had been greater for the Adelaide clinics in 1971/72. This 
pattern is repeated for ages 7 to 8 years.  



 
The changes in primary caries experience with time and the differences among regions in 
four States provide additional information which is useful in the evaluation of the effects of 
water fluoridation. Clearly these descriptive data do not provide the same weight of 
evidence as the three epidemiological studies reviewed in Section 3.4. However these 
findings demonstrate the need to carefully evaluate the features of a particular data series 
when interpreting trends. In particular, this evidence from the primary dentition, albeit at a 
descriptive epidemiological level, provides a very clear picture of the benefits of water 
fluoridation, unlike the time series provided in the Submission where a differential due to 
water fluoridation becomes apparent only after careful statistical analysis. Some of the 
reasons underlying the variations in caries patterns in the primary and permanent dentition 



have been discussed previously (Section 3.3.1), and these additional reports of caries 
experience in the primary dentition serve to highlight the distinctions which must be 
considered when evaluating the effects of water fluoridation in contemporary settings.  
 
3.7 Studies of the effectiveness of water fluoridation on dental caries in adults  
Much of the early evidence concerning the effectiveness of water fluoridation among 
adults comes from studies of residents in communities with naturally fluoridated water. 
Russell and Elvove (1951) found a 56 per cent difference in DMFT prevalence of persons 
aged 20-44 years with continuous residency in nonfluoridated Boulder and fluoridated 
Colorado Springs, Colorado. They also examined differences in the mean number of teeth 
which were missing due to caries (adjusted to control for differences in educational 
attainment between the two cities) and found a rate four times higher in Boulder.  
In the United Kingdom, 2,135 lifelong adult residents of Hartlepool (with a natural water 
supply containing 1.5-2.0 ppm F) were compared with 2,639 adults from York, a low 
fluoride (0.2 ppm F) area (Murray, 1971). The DMFT prevalence in Hartlepool was 40-50 
per cent lower than that in York among persons aged less than 35. Among persons aged 
45 years and above, the prevalence of caries in Hartlepool was consistently lower than in 
York for the three types of tooth surface: 50 per cent (smooth surface), 37 per cent 
(occlusal), and 24 per cent (pit).  
 
More recent evidence is also available from adult populations consuming water supplies 
with above-optimum fluoride concentrations. Stamm and Banting (1980) found that lifetime 
residents of naturally fluoridated (1.6 ppm) Stratford had 53 per cent fewer decayed or 
filled root surfaces than lifetime residents of the nearby, non-fluoridated Woodstock, 
Ontario. Burt et al (1986b) compared the root caries prevalence of lifetime residents of two 
New Mexico communities; Deming, with 0.7 ppm fluoride (optimal for climate), and 
Lordsburg with 3.5 ppm fluoride, five times the optimal level. The percentage of persons 
with root caries was more than three times higher in Deming (23.8 per cent versus 7.3 per 
cent) and in a multivariate logistic regression analysis, city of residence was the most 
important explanatory variable with an odds ratio of 3.26.  
 
A recent longitudinal study of an older adult population in Iowa (Hunt et al. 1989) 
compared eighteen-month caries incidence among residents of fluoridated and non-
fluoridated communities. . Both coronal caries and root caries incidence was significantly 
lower for people who had resided in fluoridated communities for more than 30-40 years, 
and these effects were greater in persons who had lived for longer periods in areas with 
fluoridated water supplies -see Table 13 Fluoridation also appeared to be beneficial for 
older adults in whom exposure to fluoridated water had begun in adulthood.  



 



4. Review of evidence of the effectiveness of other fluoride vehicles in reducing the 
incidence of dental caries  
 
4.1 Introduction  
 
This Section of the Report examines the evidence of the effectiveness of sources of 
fluoride, other than artificial water fluoridation, in reducing the occurrence of dental caries. 
Consideration of the effectiveness of other fluoride vehicles in the prevention of dental 
caries will assist in assessing the effectiveness of water fluoridation by comparison with 
those vehicles.  
The Section begins with a discussion of the various sources and mechanisms of action of 
fluoride vehicles. Additional evidence concerning the effectiveness of naturally-occurring 
fluoride in drinking water is examined in Section 4.2, toothpastes and mouthrinses in 
Section 4.3, professional topical applications in Section 4.4 and dietary sources, including 
tablets and drops, in Section 4.5.  
 
4.1.1 Sources of fluorides  
The major sources of ingested fluoride within Australia are:  
•  Fluoride in tap water (specifically, its use for drinking and in cooking);  
•  Fluoride incorporated into commercially-prepared food and beverages; ;  
  
 Fluoride pre-existing in uncooked and unprocessed foods and beverages, such as 
 fruit and vegetables, bread, grain, meat, fish, and tea;  
•  Fluoride-containing tablets or drops used as dietary supplements; and  
 Inadvertent or unintentional swallowing of toothpaste and other discretionary 
 fluoride vehicles.  
 
Other sources of fluoride, such as inhalation, contribute a minuscule additional amount to 
total intake. Estimates of the distribution of individual daily intake of fluoride indicate 
marked variation among age groups and among individuals both in absolute intake and the 
relative contributions from sources such as fluoridated water, foods and beverages and 
discretionary sources (see Section 7.4).  
 
4.1.2 Mechanisms of action of fluoride vehicles on dental caries  
Fluoride may influence the risk of dental caries by either of two mechanisms:  
• by ingestion and passage of fluoride from the bloodstream into the developing tooth 
structure prior to the eruption of the tooth -this is the pre-eruptive mechanism  
• by acting directly on the surface of an erupted tooth from within the oral cavity, 
particularly during or after some initial demineralization of the tooth surface through acid 
formation by bacteria in plaque -this is the posteruptive mechanism.  
 
It is important to recognize that both pre- and post-eruptive effects can be achieved by 
water fluoridation and by other discretionary fluoride vehicles such as toothpastes or 
professionally applied preparations. The details of these mechanisms of action by different 
fluoride vehicles are described in Section 5.2.  
 
There has been a recognition for some decades of such a dual mechanism of action of 
fluoride vehicles. For example, caries reductions in children born in fluoridated 
communities were observe to be greater than the reductions among children who were 
exposed to water fluoridation only at school (from the age of about six onwards). 
Groeneveld et al (1990) cite the "the widely accepted conclusion that the post-eruptive 
effect was increased for each year of pre-eruptive fluoride consumption".  



Recent reviews of evidence (for example, Beltran and Burt, 1988) have concluded  
that the action of fluoride is predominantly, but not entirely, through posteruptive 
remineralisation of demineralised enamel. This conclusion draws on comparisons of 
exposure cohorts of children within fluoridated communities, and some animal 
experimental evidence (of contested relevance to the process of eruption of human 
dentition). Groenevald et al (1990) used evidence from a longitudinal study of children in 
the Tiel-Culemborg fluoridation trial (see Section 3.2.1.2)conducted between 1953 and 
1971 in the Netherlands. By measuring the early signs of enamel demineralization, as well 
as the development of frank cavities, in age cohorts with different lengths of exposure to 
water fluoridation, they estimated that approximately two thirds of the observed reduction 
in pit and fissure caries between the test city of Tiel and control city of Culemborg was due 
to pre-eruptive effects. However for smooth surface caries, approximately one quarter of 
the observed reduction was attributed to pre-eruptive effects of water fluoridation.  
 
An additional consideration is the extent to which different mechanisms and different 
fluoride vehicles may act in combination. Marthaler (1984) found that the contributions of 
fluoridated salt, supervised mouthrinse programs, toothpastes and other fluoride vehicles 
to the decline in caries prevalence among 14 year olds in Switzerland were cumulative; 
that is, each additional form of fluoride conferred further benefit.  
 
In an early clinical trial among adults, Scola and Ostrom (1968) observed a hierarchy of 
benefits associated with combinations of three forms of fluorides, although clearly none of 
these effects were pre-eruptive. In comparison with an inactive placebo-treated group, 
they found that adults who received a dental prophylaxis with fluoridated paste had a 12 
per cent reduction in DMFS incidence; those who had the prophylaxis paste and 
fluoridated toothpaste had a 42 per cent reduction; and those who had fluoridated 
prophylaxis paste, gel and toothpaste had a 48 per cent reduction.  
 
Contemporary findings also suggest that the benefits of different fluoride vehicles are 
cumulative, even in the context of widespread use of discretionary fluoridate vehicles. 
Driscoll et al (1990)* initiated a community trial of fluoride mouthrinsing (0.2 per cent 
sodium fluoride once a week) and fluoride supplements (2.2 mg sodium fluoride tablet per 
day ingested after chewing and rinsing) in non-fluoridated Springfield, Ohio, in 1981. Due 
to ethical considerations, there was no inactive placebo group. Instead the 1,640 children 
aged five to six at baseline, were divided into three experimental groups: one received the 
mouthrinse program, another received the tablet program and a third group received both 
forms of fluoride. After five years, the caries incidence of children in the combination 
program was 16 per cent less than the incidence in the tablet group, and 31 per cent less 
than the incidence in the mouthrinse group.  
 
It therefore appears that fluoride vehicles act through pre- and posteruptive mechanisms, 
although there is some dispute about the likely predominant form of action. Indeed, it is 
plausible that the caries process at different sites (pit and Further reference to this study is 
made in Section 6.2. fissure caries versus smooth surface caries) is influenced to a 
varying proportion by each mechanism. Furthermore, past evidence and the findings from 
contemporary studies indicate that the use of multiple fluoride vehicles confers a 
cumulative preventive benefit. For example, the use of mouthrinses and tablets in 
combination provides a greater benefit than the use of either vehicle alone, probably 
representing an interaction between pre- and posteruptive effects. However there also 
seem to be cumulative benefits from different vehicles acting via the same mechanism, as 
observed when different combinations of professional applications and toothpaste are 
applied to adults.  



4.2 Naturally-occurring fluoride in drinking water  
The effect of fluoride in preventing dental caries was first recognized through the historical 
studies of communities with naturally occurring fluoride in the water supply described in 
Section 3.2.1.1. Subsequently, Australian populations, and others using naturally 
fluoridated water supplies, have been investigated. An early study was conducted in 1970 
at Yuendumu, an Aboriginal community in the Northern Territory, which, from the 1950s, 
had used a bore water supply containing 1.5 ppm fluoride (Williamson and Barrett, 1972).  
 
From 1965, a different bore was used with a fluoride content of 0.4 ppm. The mean caries 
experience in permanent teeth varied from 0.2 DMFT for juveniles (early mixed dentition) 
to 1.8 DMFT for adults; while the mean DMFT (for persons with any DMF teeth) varied 
between 1.6 and 2.7 DMFT. The authors, in noting that Yuendumu residents consumed 
high proportions of sugar and had poor oral hygiene, concluded that the "...relatively low 
caries experience of present day young people at Yeundumu was associated with 
exposure during the period of enamel formation to a high concentration of fluoride in the 
water supply". However, they anticipated that subsequent cohorts of children, exposed to 
0.4 ppm fluoride in bore water, would experience higher levels of dental caries.  
 
Schamschula et al (1981) examined children aged 6-8 and 10-11 years living in the 
neighbouring New South Wales towns of Goodooga (with a mean fluoride concentration of 
0.59 ppm) and Brewarrina/Walgett (with a mean fluoride concentration of 0.20 ppm). 
Demographic characteristics, living patterns and dietary carbohydrate intake were similar 
in the two areas, and effective oral hygiene practices were uniformly lacking. Children in 
the Goodooga area had a 40 per cent lower DMFT prevalence.  
 
Driscoll et al (1986), in the USA, reported on the prevalence of dental caries and dental 
fluorosis in 1,123 children aged 8-16 years who were lifelong residents of areas with 
negligible, 'optimal' (that is, approximately 1 ppm), and above-optimal concentrations of 
natural fluoride in drinking water. The prevalence of caries in the 'optimal' fluoride area 
was 38 per cent lower than in the negligible fluoride area; in the higher-than-optimal 
fluoride areas, 6070 per cent reductions in caries were observed.  
 
4.3 Fluoride toothpastes and mouthrinses 4.3.1 Toothpastes  
The effectiveness of fluoride toothpastes has been assessed in clinical and community 
trials since the 1940s. A range of formulations and concentrations have been evaluated. 
Neutral sodium fluoride was used at first, followed by stannous fluoride, acidulated 
phosphate fluoride, monofluorophosphate and amine fluoride. The usual concentration of 
fluoride in toothpastes has been 0.1 per cent (1000 parts per million) although,during the 
last decade, an extended range of concentrations has been tested, ranging from 250 ppm 
to 2,000 ppm.  
 
4.3.1.1 Regular concentration (1000 ppm fluoride) toothpastes  
Mellberg and Ripa (1983) reviewed findings from clinical trials among children and 
adolescents of three toothpaste formulations: sodium fluoride, stannous fluoride and MFP. 
A bar chart summarizing their finding is presented in Figure 3,indicating that the most 
frequent finding for sodium fluoride and stannous fluoride toothpastes was a reduction in 
DMFS in the range 11-30 per cent, while for MFP toothpastes, the most frequent finding 
was a reduction of 21-30 per cent in DMFS incidence.  



 

duration of at least 24 months. There were 31 such trials with a reduction in dental caries 
experience ranging from 15 to 40 per cent -and an average of 25 percent. The average 
reduction in trials conducted between 1965 and 1974 was 25 per cent, while between 
1974 and 1983 the reduced incidence was 24 percent, leading the reviewer to conclude 
that there had not been a perceptible shift in percentage reduction over time -despite the 
general acceptance that the prevalence of dental caries was reducing. Six of these trials 
were conducted in fluoridated areas, with a caries reduction ranging from 17-32 percent, 
average of 26 per cent.  
 
Clinical trials among adults, have been less frequent. Lu et al (1980) conducted a double 
blind trial of a stannous fluoride toothpaste in persons aged 18-78 years (more than three 
quarters of them were less than 45 years of age) living in the non-fluoridated Portland, 



Oregon, region. There was a statistically significant reduction of 33 per cent in caries 
incidence after one year in the group receiving fluoridated toothpaste.  
Jensen and Kohout (1988) examined the efficacy of fluoridated toothpaste in a double-
blind trial of adults aged 54 and over. The test toothpaste contained 1,100 ppm sodium 
fluoride and was compared with an inactive placebo among 810 persons living in a non-
fluoridation area in Iowa. After 12 months, there were reductions of 41 per cent in coronal 
caries and 67 per cent in root caries among persons in the test group -see Table 14.  
 

 
4.3.1.2 High concentration fluoride toothpastes  
The results of clinical studies using 'high-potency' MFP fluoride toothpastes, with a fluoride 
content above 1,000 ppm, have been reviewed by Ripa (1989a). Five trials, without a 
positive control toothpaste at 1,000 ppm fluoride, resulted in an average caries reduction 
of 24 per cent amongst children (a result comparable to that in DePaola's 1983 review of 
earlier studies). Six trials reported between 1984 and 1988, with a positive control 
toothpaste at 1,000 ppm fluoride and fluoride toothpaste content in the range 1,450 -2,800 
ppm fluoride, resulted in a caries reductions ranging from l to 22 per cent, average 12 per 
cent. The mean number of DMF surfaces saved annually compared the control toothpaste 
(1,000 ppm fluoride) was 0.5 surfaces. The review concluded that:  
 
1. High-potency MFP toothpastes (containing 1,450-1,500 ppm, 2,000-2,500 ppm or 
2,800 ppm fluoride) provide superior caries prevention compared with MFP toothpastes 
that contain 1,000 ppm fluoride.  
 
2. Currently, there is insufficient evidence that sodium monofluorophosphate toothpastes 
that contain 2,000-2,500 ppm F provide greater caries  
inhibition than sodium monofluorophosphate toothpastes containing 1,4501,500 ppm F.  
 
3. Combining sodium fluoride and MFP in a toothpaste formulation does not enhance 
the cariostatic benefits of a toothpaste, compared with either sodium fluoride or MFP used 
alone, at equal total fluoride concentrations.  
 
4. Additional evidence is needed to confirm the trend that high-potency mixed-fluoride 
toothpastes containing 1,450-2,500 ppm fluoride supplied by sodium fluoride and MFP 
provide superior caries protection compared with single or mixed fluoride conventional 
concentration toothpastes.  
 
4.3.1.3 Low concentration fluoride toothpastes  
Forsman and Ericsson (1974) studied the caries preventive effect of toothpastes with a low 
fluoride content (sodium fluoride around 250 ppm fluoride; MFP around 1,000 ppm 



fluoride) in a 2-year double-blind trial involving 1,150 school children aged 11-14 years 
who had fortnightly fluoride mouthrinses as a basic prophylaxis in an unfluoridated area of 
Sweden. The conclusion was that "clinical registration of new DMFS and new smooth 
surface caries showed only insignificant differences for the groups treated with regular, 
weak, or F-free toothpastes". Forsman advocated development of toothpastes with optimal 
clinical results and minimal fluoride absorption, in line with her concerns about the early 
supply of fluoride and enamel fluorosis in bottle-fed children (Forsman 1977).  
 
Five contemporary studies have assessed the efficacy of low concentration fluoride 
toothpastes by comparing them with regular concentration toothpastes containing around 
1,000 ppm fluoride. These five studies are summarized in Table 15 and show either no 
significant difference in caries increment, or small, but significant differences between 
1,000 ppm and very low levels of fluoride (250 ppm).  

The studies which have reported statistically significant differences compared 1,000 ppm 
with 250 ppm toothpaste in adolescent groups. In contrast, the findings of Winter et al 
(1989) illustrate a similarity in canes incidence between the 550 and 1,055 ppm fluoride 
toothpaste groups in a sample of much younger children. These findings of Winter et al 
(1989) are relevant to current considerations of fluoride exposure (see Section 6.2), since 
the main target group for a low fluoride concentration toothpaste is young children. 
Furthermore, the study appears to have been well planned and conducted and is 
particularly noteworthy for several reasons:  
 
1. The authors argue that, because the children were aged two at baseline, it could be 

assumed that all children began the study with no coronal caries experience;  
 
2.  radiographs were incorporated into the clinical findings of the final (and only) 

examination;  
 
3. The social class distribution of the study groups was assessed and the analysis of 

caries incidence was carried out within three social class strata; and  
 
4. Several measures of caries were used: per cent caries free, per cent with five or 

more dmft, mean dmft, mean dmfs, ds, ms, fs, ds (of incipient and dentine lesions).  
 



Hence, while a dose-response relationship does exist for fluoride concentrations in 
toothpaste, differences in the preventive benefits of low concentrations (around 500 ppm 
fluoride) compared with regular concentrations (around 1,000 ppm fluoride) appear to 
inconsequential among young children.  
 
4.3.2 Mouthrinses  
Fluoride mouthrinses were initially introduced as specific programs (frequently in schools) 
of supervised rinsing using freshly prepared solutions of 0.2 per cent neutral sodium 
fluoride. Mellberg and Ripa (1983) reviewed studies of the effectiveness of such programs 
in child populations where mouthrinses ranging in concentration from 0.05 -0.25 per cent 
sodium fluoride were used with frequencies ranging from twice daily to once every two 
weeks. Other studies have used the more recently developed acidified sodium fluoride 
mouthrinses (in the form of acidulated phosphate fluoride - APF) containing concentrations 
of 0.02 to 0.66 per cent sodium fluoride used once or twice daily. The findings from these 
studies are summarized in the Figure 4, and indicate benefits most commonly in the range 
21-40+ per cent for neutral mouthrinses, and 21-30 per cent for APF mouthrinses.  

 



4.4 Professional topical applications 
Fluoride vehicles which are applied clinically by dentists, dental therapists or dental 
hygienists include prophylaxis pastes, aqueous solutions, gels and varnishes. As 
described in Section 4.3, the earliest forms of professionally applied fluorides were neutral 
sodium fluoride, and subsequently stannous fluoride and acidified sodium fluoride (as APF 
gel) have been developed. Mellberg and Ripa's (1983) review of 76 clinical trials 
demonstrates a range in the effectiveness of these professional applications among 
children, with stannous fluoride and APF gels tending to achieve higher reductions in 
caries incidence of 40 per cent or more - see Figure 5.  

Fluoride varnishes are a more recent development. They contain fluoride within either an 
alcohol suspension of resins or a polyurethane varnish. Some clinical trials in groups of 
children have demonstrated reductions in caries ranging from 44 to 63 per cent, although 
Clark et al (1985) observed only a small (15 per cent) and statistically non-significant 
reduction in DMFS incidence among 6-7 year olds living in non-fluoridated communities in 
Quebec.  



4.5 Fluoride tablets and drops  
Fluoride intake in the diet may be supplemented with tablets or drops. The recommended 
dosage varies with age and has changed during recent decades. The current National 
Health and Medical Research Council recommendations (NHMRC, 1985) for children 
consuming water with less than 0.3 ppm fluoride are that they receive 0.25 mg of fluoride 
per day between the ages of two weeks and 2 years, 0.5 mg/day from 2-3 years and 1.0 
mg/day from 3-16 years. Other intake schedules for Australian children have been 
proposed by Riordan (1989b) and are referred to in Section 7.6.1. Some fluoride 
supplements have been combined with vitamin or mineral preparations, although this 
combination is not one  
 
The earliest trial of these forms of dietary supplements was conducted by Arnold et al 
(1960) who administered sodium fluoride drops and tablets to children in Washington DC. 
They observed a pattern of caries which was similar to those observed in the cities which 
had undergone fluoridation in the intervention trials of the 1940s and 1950s.  
Subsequently both neutral sodium fluoride and acidulated sodium fluoride (as APF) have 
been examined in clinical trials. The evidence concerning their effectiveness when used in 
school-based programs, when children start taking supplements at the age of three or 
older, is summarized in the following bar chart (Mellberg and Ripa, 1983). There is marked 
variation in the reported effectiveness reflecting variations in the age at which 
supplementation was initiated, the duration of the studies, compliance with recommended 
dosage and the study populations. Only four studies reviewed by Mellberg and Ripa 
(1983) began supplementation at birth, and they tended to demonstrate a greater 
effectiveness, ranging from 39-80 per cent reductions in DMFT - see Figure 6.  

 



5. Contemporary estimates of caries preventive effects of specific fluoride vehicles 
in the presence of other fluoride sources  
 
5.1 Introduction  
 
The Submission made various references to possible benefits of different fluoride vehicles, 
particularly discretionary forms such as mouthrinses and toothpastes. One theme, 
developed within the submission, was that the benefits of fluoride vehicles have most 
probably changed as various vehicles have become more widely available. While Sections 
3 and 4 have reviewed earlier evidence of the effectiveness of fluoride vehicles, the 
relevant studies were often conducted in populations which were not exposed to additional 
fluoride vehicles. This section of the Report examines the existing evidence concerning the 
effectiveness of fluoride vehicles under the circumstances of a reduced frequency of caries 
in children and in the presence of more than one fluoride vehicle. The purpose of this 
section, therefore, is to critically appraise the references in the submission and to evaluate 
other evidence concerning. the effectiveness of fluorides in the typical contemporary 
setting where one or more other fluoride vehicles is in wide usage.  
 
"Efficacy" and "effectiveness" are two distinct parameters and terms (defined in the 
Glossary) which are frequently used in assessing the benefit of a preventive agent. In 
relation to an intervention such as fluoridation of reticulated drinking water, where the 
exposure is essentially involuntary at the individual level, there is less distinction between 
efficacy and effectiveness than is the case for other public health measures (such as 
breast cancer screening or smoking cessation strategies) where voluntary behaviour is an 
integral requirement for the achievement of a benefit.  
 
5.2 Analysis of claims made in the Submission concerning effectiveness of different 
fluoride vehicles  
 
The section of the Submission entitled "There is little or no benefit in actually swallowing 
fluoride" seeks to draw a distinction between two different mechanisms of action, 
"systemic" and "topical", and claims about the relative importance of these mechanisms 
are used to support the proposal that supervised toothbrushing by school children in 
Brisbane may be responsible for the caries decline in that city.  
 
It is important to critically assess this section of the Submission, and the Working Group 
initially sought information from the Director of Dental Services in Queensland (Comiskey, 
1990) who provided evidence that school toothbrushing has not been used in Brisbane 
schools to an extent that could explain the reduction in dental caries. In the opinion of the 
Working Group, the unsupported assertion made in the submission concerning the role of 
supervised toothbrushing can be dismissed as mere speculation.  
 
The Working Group also believes that the distinction, made in the Submission, between 
mechanisms of action is inappropriate insofar as it refers to the principal route of 
administration of fluoride vehicles rather than to their biological mechanisms of action. It 
appears that the Submission consequently reaches erroneous conclusions about the roles 
of different fluoride vehicles.  
 
While it is clear that systemically ingested fluorides are intended primarily to exert pre-
eruptive effects, and topically applied fluorides are intended primarily to exert post-eruptive 
effects, there are numerous ways in which the two routes of administration can overlap 
with each mechanism of action.  



1) Fluorides which are intended for systemic ingestion achieve some direct exposure to 
the tooth and plaque surface during swallowing. For example, in many school fluoride 
tablet programs, children have been advised to chew and swallow fluoride tablets 
(Mellberg and Ripa, 1983).  
 
2) Fluorides which are ingested affect blood concentrations which, in turn, are of major 
importance in determining the fluoride content in saliva and hence maintaining a fluoride 
level in the oral cavity (WHO, 1984). It should be noted, however, that fluoride 
concentrations in saliva are very low, and the extent to which they affect plaque- or tooth-
surface concentrations is unclear.  
 
3) Remineralization of initial enamel caries is promoted by the frequent introduction of low 
concentration fluorides (such as fluoridated drinking water) into the oral environment 
(Silverstone, 1985; Wefel, 1982; Thylstrup, 1990).  
 
Significant amounts of those fluoride vehicles which are administered via a topical route 
may be swallowed. The amounts can be particularly high in young children, and the 
ingested fluoride is then able to exert a pre-eruptive effect on those teeth which are still 
undergoing calcification. For example, studies have documented that as much as 33 per 
cent of toothpaste used during toothbrushing and 30-40 per cent of mouthrinse used 
during mouthrinsing may be swallowed (Barnhart et al, 1974; Wei and Kanellis 1983).  
 
The lack of conceptual clarity in the Submission is important when research from humans 
and animals is subsequently used in support of assertions about the relative effectiveness 
of fluoride vehicles. Turning first to the evidence from humans, the Submission cites a 
review by Fejerskov et al (1981) and summarises two of their observations that "no 
significant relationship has been demonstrated between the tooth decay experience of the 
individual and the fluoride content of the teeth's enamel" and "the difference in fluoride 
content of the enamel in low and 'optimal' fluoride regions is reported to be too small to 
produce a significant reduction in caries prevalence".  
 
While these are reasonable summaries of the examination by Fejerskov et al of the pre-
eruptive mechanism (Fejerskov et al, p243), the Submission fails to cite the interpretations 
of those observations, namely:  
•  "the major reason for the cariostatic effect of fluoride can be ascribed to its ability to 
 influence these processes [demineralization, remineralization] even at very low (0.2-
 1 ppm) concentration" (Fejerskov et al pp. 244-45)  
•  "the cariostatic effect of water fluoridation, salt fluoridation, fluoride toothpaste and 
 mouth-rinses can be ascribed to regular (daily or weekly) increase in fluoride ion 
 activity in oral fluid" (FeJerskov et a1, p. 245)  
•  "Considerable evidence is available to substantiate the assertion that fluoride, even 
 in low concentrations, is necessary in the oral fluids to obtain maximum caries 
 inhibition" (Fejerskov et al p 246)  
 
Conceptual inaccuracies and selective citations also lead to a misinterpretation of two 
animal studies, used in the Submission as evidence of e relative effectiveness of fluoride 
vehicles. Two assertions in the Submission concerning the animal studies of Spuller et al, 
1986 and Mirth et al, 1985 are misleading in view of a complete reading of the studies. 
They are: The research by Spuller et al (1986) did not specifically examine the caries 
scores of third molars which are the only unerupted teeth at the initiation of the experiment 
(using 22 day old rats at baseline). In contrast, Mirth et al (1985, also cited in the 
Submission) analysed the caries scores of third molars separately and found a statistically 



significant caries reduction in rats which received fluoride through an intra-oral release 
device and through drinking water containing 10 ppm fluoride.  
b) 'The anti-decay effect at 1 ppm fluoride was considerably less than at 10 ppm." (page 6, 
the Submission)  
 
While Spuller et al (1986) found a statistically significant difference in rat caries scores 
between groups drinking 10 ppm and 1 ppm fluoride in water, they also found a statistically 
significant difference between the 1 ppm and 0 ppm (control) group. Indeed, this finding of 
a dose-response gradient must be viewed as compelling evidence for an anti-caries effect 
of fluoridated drinking water.  
 
An additional assertion which must be challenged is that the rat "seems to be generally 
regarded as a good model for caries in humans" (Submission, page 6, para 2). While 
rodents have been used, with limited success, for ranking the capacity of foods to cause 
caries (Shaw, 1981) their use in experiments to examine cariogenic mechanisms is limited. 
There are marked differences in the form and shape of rat molars compared with human 
molars. Furthermore, rat molars are not fully mineralized at eruption and they continue to 
increase their mineral content in the oral environment, particularly during the first week 
after eruption (Huskey 1978). Hence the claim that "no decay reduction could be obtained 
from an implanted subcutaneous device which released sodium fluoride slowly into the 
bloodstream" in a rat model are particularly difficult to generalize to human caries.  
In view of these conceptual inaccuracies and selective citations, the main hypothesis in 
this section that "there is essentially no benefit from swallowing fluoride" (page 6, para 3) 
is untenable. The assertion that 1 ppm fluoride in drinking water would convey only a 
"weak topical effect" is in contrast with the evidence contained within the literature cited 
(although not discussed) within the Submission. As well the prevailing hypothesis that 
systemic ally ingested fluoride at 1 ppm in water acts through several biological 
mechanisms (although as a result of systemic ingestion and topical availability) is 
supported by in vitro, in vivo and epidemiologic studies (Beltran and Burt, 1988). 
Moreover, the implication that 1 ppm fluoride in water is an insufficient cause of caries 
reductions, while high concentration toothpastes is necessary (p5, para 6) is in clear 
contrast with the experiences gained in early fluoride trials in North America and 
elsewhere, which witnessed caries declines in test communities decades prior to the 
widespread usage of fluoridated toothpastes.  
 
5.3 Contemporary assessments of caries preventive effects of fluoride vehicles  
The Working Group assessed the contemporary effectiveness of fluoride vehicles from the 
published evidence of studies in human populations. The evidence includes those studies 
in which one fluoride vehicle has been evaluated in a setting of widespread usage of other 
forms of fluoride, and some additional studies which have assessed the independent 
effects of two or more fluoride vehicles used in combination. In order to provide a setting 
for the evidence concerning 5.3.1 Estimated effectiveness prior to the 1980s  
 
Early evidence concerning the effectiveness of fluoride vehicles was based on findings 
from historical studies (such as those reviewed in Section 3.2) and clinical or community 
trials conducted during the 1960s and 1970s. The evidence from those studies indicated a 
hierarchy of effectiveness, with water fluoridation being the most effective (when measured 
in percentage caries reductions) and unsupervised toothbrushing the least. For example, 
in the 1978 Conference on the Relative Efficiency of Methods of Caries Prevention in 
Dental Public Health (Burt, 1978), the hierarchy in Table 16 was formulated based on 
numerous studies from the 1970s and earlier:  



 
Other reviewers (see Section 4.3) have suggested that fluoridated toothbrushing may have 
exerted a greater benefit, perhaps closer to 25 per cent, based on clinical trials of efficacy, 
although the members of the 1978 Michigan conference sought to estimate the likely 
effectiveness of toothpastes as used at home.  
 
However a more serious concern (as noted in Section 3) is a continued reliance on these 
kinds of estimates or their simple application to contemporary Australian populations. The 
Submission is critical of a reliance on these data, and the Working Group believes that 
there is a need to assess more recent evidence, particularly in view of the decline in caries 
experience among children and the widespread availability of different fluoride vehicles.  
 
5.3.2 Contemporary studies of effectiveness in the presence of other fluoride 
sources  
5.3.2.1 Water fluoridation  
Studies conducted during the 1980s which have examined the caries experience of 
lifetime residents of fluoridated and non-fluoridated regions have been reviewed by 
Newbrun (1989a). The studies, conducted in North America, the United Kingdom  
•  reductions ranging from 39 to 58 per cent (median of 54 per cent) in the primary 
 dentition of young children aged 4 -5 years. The reported reductions do not appear 
 to vary systematically with the year in which the survey was conducted, nor with the 
 caries prevalence in the primary dentition.  
•  reductions ranging from 9 to 57 per cent (median of 30 per cent) in the permanent 
 dentition of children and adolescents aged 8 to 17 years. The size of the 
 percentage reduction appears to be greater when the index of caries experience is 
 higher - hence studies which have examined older adolescents and which have 
 used the DMFS index generally yield greater reductions.  
•  reductions ranging from 32 to 40 per cent in adults, where there appears to be a 
 greater effectiveness for root caries. Higher figures have been reported for 
 comparisons with communities which have above-optimal-fluoride concentrations.  



 



 
To these findings can be added the studies of Wimmer (1985), Brown et al (1990) and 
Stockwell et al, 1990 (described in Section 3.4) which found differences of 16 to 55 per 
cent in the primary dentition and 10 to 51 per cent in the permanent dentition.  
The observation of considerable variation in effectiveness among age groups is consistent 
with the discussion elsewhere (Section 3.3.1) concerning the development and 
progression of dental caries and its measurement in epidemiological studies. Due to the 
relatively small number of permanent teeth at risk in children and young adolescents, they 
are likely to be the group in whom a benefit is smallest. In contrast, older adolescents have 
all their permanent teeth at risk and after several years a protective benefit due to 
continuous fluoride exposure is more likely to be apparent. In the primary dentition, there is 
a markedly different distribution of caries with a greater tendency to smooth-surface decay 
-a site where water fluoridation is known to be more effective. Finally, in older adults, the 
frequent presence of many fillings provides the potential for recurrent carious attacks 
around the margins, and new sites for caries are presented as root surfaces become 
exposed after gingival (gum) recession.  
 
5.3.2.2 Toothpaste 
There have been numerous clinical and community trials of fluoridated toothpastes in child 
populations conducted in the United States and the United Kingdom during the 1980s 
(Mitropoulos et al, 1984; Triol et al, 1987; Lu et at, 1987; Fogels et al, 1988; Blinkhorn and 
Kay, 1988; Conti, 1988; Beiswanger et at, 1989; Winter et al, 1989; Koch et at, 1990). 
However the inferences which can be drawn from these are limited since each was 
conducted with a "positive control". That is, the trials were of new toothpaste formulations 
which were compared with a regular concentration fluoridated toothpaste (most commonly, 
1,000 ppm). 
 
Consequently, there have been no studies among children reported during the 1980s 
which have compared fluoridated toothpastes with an inactive (placebo) toothpaste, and it 



is therefore difficult to judge if the absolute effectiveness of fluoridated toothpastes has 
changed. However, as noted in Section 4.3, clinical trials of efficacy conducted during the 
1960s and 1970s showed only small alterations in the benefit of fluoridated toothpaste and 
it may be reasonable to assume that the efficacy of fluoridated toothpaste (1,000 ppm 
fluoride) has been maintained during the 1980s, providing an approximate 25 per cent 
reduction in the caries experience of children.  
 
Jensen and Kohout (1988) were able to compare the effectiveness of a fluoridated 
toothpaste in a clinical trial involving older adults where an inactive placebo was used as 
control. (The inactive placebo was ethically possible since there was a lack of evidence of 
the effectiveness of fluoridated toothpastes in adult populations.) This study (described in 
Section 4.3) was conducted in a non-fluoridated area among persons aged 54+ and 
reductions in 12 month incidence rates of 41 and 67 per cent in coronal and root surfaces 
respectively were reported.  
 
5.3.2.3 Professional applications  
Five clinical trials have been conducted during the 1980s and have been reviewed by Ripa 
(1989b). As discussed with respect to toothpastes (Section 5.3.2.2), there is difficulty in 
estimating the absolute contribution of professional applications, since "positive controls 
are generally used in the reported studies, the effect of professional tooth cleaning 
(prophylaxis) prior to topical fluoride application has generally been compared with topical 
application without prior cleaning. However in one clinical trial conducted in unfluoridated 
North Carolina, the effectiveness of bi-annual applications of topical fluoride gels (1.23% 
and 0.6% fluoride) was compared with the application of inactive placebos among 11-15 
year old children (Hagan et al, 1985). After two years there were reductions of 30 per cent 
in DMFS incidence associated with the 1.23 per cent fluoride gel, and 25 per cent 
reduction associated with a 0.6 per cent fluoride gel.  
 
5.3.2.4 Mouthrinses  
Organized fluoride mouthrinse programs using 0.2% sodium fluoride daily, weekly or bi-
weekly have been re-evaluated during the 1980s, and Leverett (1989) has used this 
information as well as extrapolated data from the earlier studies to conclude that their 
effect is likely to be no greater than a reduction of 0.4 DMF surfaces per annum. Based on 
Garcia's (1989) estimates of current caries incidence rates ranging from 0.8 -2.6 DMF 
surfaces per annum (median=1.4) in children and adolescents from non-fluoridated areas, 
this would equate to a maximum reduction of 15 to 50 per cent (median=29 per cent).  
 
5.3.2.5 Effectiveness of multiple vehicles in combination  
Evidence of the effectiveness of multiple fluoride vehicles in combination has been 
assessed in two ways. The first draws on evidence from patterns of change over time in 
the presence of more than one fluoride vehicle. Data of this nature have been examined 
by Spencer (1986b) and Newbrun (1989b). The second source of information is from 
community trials of multiple preventive methods, and data from the early 1980s are 
available from Heifetz et al (1988) and Klein et al (1985).  
 
Spencer (1986a, 1986b) estimated the contemporary effects of fluoride vehicles in 
Australian adolescents by using a multiple regression model. Data from 21 Australian 
studies, conducted between 1965 and 1978, were used to construct a predictive model 
(Spencer, 1986a) which explained the caries experience of Australian adolescents in 
terms of exposure to fluoridated water, fluoride supplements and toothpastes. The model 
was then used to estimate changes in caries experience during the 1980s (Spencer, 
1986b). Among 12 year olds, a 26 per cent decrease in DMFT was predicted for the period 



1980 to 1990, and a 64 per cent decrease was predicted for the period 1965 to 1990. The 
percentage contribution of water fluoridation to the 1965-1990 decline was estimated to be 
71 per cent, while for toothpastes and supplements the contributions were 26 per cent and 
2 per cent respectively.  
 
Newbrun (1989b) extended his examination of the effectiveness of water fluoridation in the 
face of widespread availability of fluoride vehicles. He used data from the Republic of 
Ireland between the 1960s and 1984. During this period fluoridate toothpastes became 
widely used and most larger cities fluoridated their water supplies. There was a decline in 
caries prevalence during the two decades, and presumably a proportion of this was due to 
fluoridated toothpastes. However, the decline was 50 per cent greater in children who 
were lifetime residents of communities with fluoridated water supplies (2.1 DMFT decline 
from 1961/63 to 1984) than for children who were lifetime residents of non-fluoridated 
areas (1.4 DMFT decline). These data are summarized in Figure 7, where there is a 
consistent pattern of greater reductions in caries prevalence among continuous residents 
of fluoridated communities compared with continuous residents of non-fluoridated 
communities.  
 

Heifetz et al (1988) examined the additive benefits of fluoride supplements and 
mouthrinses in a 5 year longitudinal study of children aged 5-6 years living in non-
fluoridated Springfield, Ohio. A "positive control" group received weekly mouthrinses with 
0.2% sodium fluoride, and their caries incidence was 2.12 DMFS. The caries incidence in 
the supplement group (2.2 mg sodium fluoride per day) was 18 per cent lower, while in the 
combination group it was 31 per cent lower.  
 
Klein et al (1985) and Bohannan et al (1985) reported findings from a major trial of 
community effectiveness, the US National Preventive Dentistry Demonstration Program 
(NPDDP), where fluoride mouthrinsing, fluoride supplements and water fluoridation were 
compared. Children in grades one and two and those in grade five from five fluoridated 



and five non-fluoridated regions in the United States were assigned to one of five 
interventions involving mouthrinsing, professional applications, bi-weekly toothbrushing or 
fissure sealants. These interventions were compared with a control group (one each at 
fluoridated and non-fluoridated sites) who did not receive any preventive procedures. The 
study was conducted between 1977 and 1982, and Table 18 summarizes the benefits of 
three interventions which did not involve fissure sealants.  

1  Differences (in parentheses) compare 4 year incidence of test group with that of  
 control: negative difference indicates higher incidence in test group  
2. Supervised toothbrushing with fluoridated toothpaste and flossing; provision of 
 home supply of fluoridated toothpaste  
3. Mouthrinsing with 0.2% neutral sodium fluoride. At non-fluoridated sites, 
 mouthrinsing was supplemented with 1 mg F tablets  
* From Klein et al (1985), Bohannan et al (1985).  
  
A study of this type provides better information concerning effectiveness than the clinical 
trials which were performed under more rigid conditions and which generally provide 
evidence of efficacy. In the NPDDP there were only minor and inconsistent benefits for the 
three test interventions (toothbrushing, mouthrinsing, and professional applications), but 
significant and consistent differences were observed between fluoridated and non-
fluoridated sites. The authors concluded that supervised brushing and flossing, fluoride 
tablet administration, mouthrinsing and professionally applied topical fluorides were not 
effective in educing a substantial amount of dental decay in children. Community water 
fluoridation was found to be the most effective means of reducing caries in children.  
 



5.3.2.6 Summary of contemporary effectiveness in the presence of other fluoride 
vehicles  
 
The studies reviewed in Section 5.3.2 indicate that it is necessary to review the estimates 
of effectiveness which were based on clinical and community trials conducted before the 
1980s. A summary of the contemporary evidence is presented in Table 19, and the 
estimates of effectiveness are contrasted with those presented in Sections 3 and 4. The 
main conclusions which can be drawn from the recent studies are:  
 
•  There is a substantial amount of evidence concerning lifetime residency in a 
 community with fluoridated water to indicate a wide range of effectiveness 
 depending on the age of the population and the existing caries experience. The 
 studies from the 1980s suggest that this range is from 9 to 58 per cent with median 
 findings of 49 per cent in the primary dentition and 30 per cent in the mixed (child 
 and adolescent) dentition. In adults, a reduction of 32 per cent (coronal caries) and 
 40 per cent (root caries) has been observed.  
 
•  In view of the additional studies from Australia (reviewed in Section 3.4) and the 
 findings from the Working Group's analysis of the time series presented in the 
 Submission (Section 3.3) the evidence, in aggregate, indicates a protective benefit 
 predominantly in the range 20-40 per cent, tending towards the lower end of this 
 range for the permanent dentition in children and adolescents, and tending towards 
 the upper end of the range for the primary dentition and possibly also for adults.  
 
•  The efficacy of professional fluoride applications appears to have diminished 
 slightly, with data from one study during the 1980s demonstrating a reduction of 25-
 30 per cent in caries incidence among children in a nonfluoridated area.  
 
•  Extrapolation of earlier data suggests that the maximum efficacy of fluoride 
 mouthrinses would be in the range 15 to 50 per cent -this is likely to be less than 
 the benefit observed prior to the 1980s.  
 
•  Recent studies of toothpastes among children have used active rather than inactive 
 control formulations and hence have been unable to compare the efficacy of 
 fluoride compared with non-fluoride toothpastes. However, findings from the 1970s 
 indicated only minor changes in their efficacy compared with the. 1960s and it may 
 be reasonable to conclude that the efficacy of fluoridated toothpastes among 
 children during the 1980s has been maintained at approximately 25 per cent. 
 Evidence from adults indicates that the effect may be higher (40 per cent or more in 
 a non-fluoridated area).  
 
•  In contrast to the studies of efficacy, the National Preventive Dentistry 
 Demonstration Program, conducted in the USA during 1977-1982, provides 
 evidence of effectiveness in a "real-life" setting. This study reported only minor and 
 inconsistent benefits for the three test interventions (toothbrushing, mouthrinsing, 
 and professional applications), but significant and consistent differences were 
 observed between fluoridated and non-fluoridated sites.  
 
•  Studies which have estimated the contribution of combined fluoride vehicles to the 
 decline in children's caries during recent decades have used different 
 methodologies. Over two thirds of the decline in caries among Australian 
 adolescents has been estimated to be due to water fluoridation, while the decline in 



 Irish 12 year olds was 50 per cent greater among continuous residents of 
 fluoridated areas.  
 

*For sources see text: 1 Sections 3 and 4 ; 2 Section 5.3.2 
 
? denotes contemporary data available; italicized figure denotes an estimated figure based 
on extrapolation from pre 1980s findings. 
 
5.4 Cost-effectiveness, population coverage, and community acceptability  
5.4.1 Introduction  
 
benefit analysis; and cost utility analysis. Each of these approaches can assist decision 
making but all are imperfect approaches to the problem of deciding between competing 
public health strategies, Drummond et al (1987). Final judgement about the value of a 
fluoridation program cannot be made exclusively in economic terms.  
A comprehensive economic evaluation of water fluoridation would take into account the 
costs to the taxpayer of fluoridating water and the economic benefits of preventing caries 
include the avoidance of dental treatments. It would also take account of the economic 
costs of maintaining fluoridation in communities some of whose members resented or 
suspected this measure enough to take action to remove the fluoride from their personal 
water supply.  
White et al (1989) have reviewed the published international literature in the economic 
analysis of fluoridation and argue that authors generally have failed to incorporate the 
declining prevalence of dental caries into their analyses, and have failed to consider fully 
the costs associated with fluoridation. Consequently, the following sections assess 
evidence from three recent studies which have examined the costs and benefits of water 
fluoridation using estimates of caries experience and likely benefits based on information 
from the, 1980s. Prior to the consideration of those studies, earlier evidence of cost 
effectiveness is examined.  



5.4.2 Cost-effectiveness prior to the 1980s  
The Working Group reviewed a number of the earlier attempts at cost benefit and cost 
effectiveness analysis. Clark and Trahan (1985) assessed the cost effectiveness of: 
community water fluoridation; school water fluoridation; daily fluoride tablet programs in 
schools; and weekly fluoride mouth rinsing programs. Assuming that community water 
fluoridation had an efficacy of 40 per cent and other fluoride programs 25 per cent, they 
concluded that community water fluoridation was easily the safest and most cost effective 
procedure to prevent dental caries.  
 
Doessel (1985) quantified the economic costs and benefits of water fluoridation in 
Townsville, Queensland. His projections were made on the assumption that the observed 
changes in dental caries in Townsville were dependent on the fluoridation of water (which 
overestimates a benefit due to water fluoridation) but he assumed that cost savings would 
apply only to children aged 5 to 14 years (which underestimates a benefit due to water 
fluoridation). The costs and benefits were calculated under a wide range of assumptions 
including: probability of obtaining care for carious teeth (0.5 -0.9); low and hi treatment-fee-
schedules; and variations in the discount rate (0 to 100 per cent Costs and benefits were 
projected through to the year 2000. He concluded that water fluoridation is an investment 
project which has significant economic benefits across a range of assumptions. For 
example, water fluoridation provided positive net benefits when the discount rate was 28 
per cent or less regardless of the assumptions concerning probability of obtaining 
treatment and fee schedule. Doessel acknowledged that external diseconomies (costs to 
those who do not desire fluoridated water) were not included, but commented that their 
magnitude "may be rather low".  
 
Carr et al (1980) compared reductions in treatment costs attributable to water fluoridation 
in the South Australian School Dental Service with the costs of fluoridation. They 
concluded that fluoridation had highly desirable cost benefit characteristics.  
 
The Conference on the Relative Efficiency of Methods of Caries Prevention in Dental 
Public Health (Burt, 1978) provides a summary of the relative cost-effectiveness of 
different fluoride programs based on findings from the early studies of their effectiveness. 
The estimates are provided in table 20 

 
 
The Working Group sought expert advice on the matter of costs and benefits and 
considers that the issues have changed sufficiently in recent years to warrant a reappraisal 
of the economics of water fluoridation. This is not to deny the body of evidence which has 
accumulated suggesting that water fluoridation is a highly cost effective preventive dental 



program, but to emphasise the changing circumstances in which fluoridation is occurring 
and the changing state of the art of economic analysis. For example, the studies which 
have been reviewed above are dependent on estimates of efficacy for water fluoridation, 
which are inappropriate for contemporary settings.  
 
5.4.3 Contemporary studies of cost effectiveness  
O'Mullane (1990) has examined cost effectiveness in the light of the declining prevalence 
of caries in a fluoridated community. He used recent data from the Republic of Ireland to 
explore the cost effectiveness of fluoridation. He concluded that water fluoridation is an 
effective and cost effective strategy for the prevention of dental caries in areas where the 
overall level of dental caries has declined, and where the overall costs of implementation 
of water fluoridation have increased.  
 
Birch (1990) used recent caries prevalence data from the United Kingdom to construct 
high, medium and low caries estimates where the benefit of water fluoridation ranged from 
30 per cent (permanent teeth, low caries) to 60 per cent (deciduous teeth, high caries). 
Since these data only covered the ages from 4 to 14 years, benefits were calculated for 
children in this age range alone. Initial capital costs and running costs were included and 
allowance was made for the differential timing of both costs and benefits. Costs and 
benefits were calculated for a 14 year period in cities of three sizes, using two discount 
rates. The findings, summarized in Table 21 demonstrated considerable variation in the 
cost-effectiveness ratio between low- and high-caries prevalence sites, and according to 
city population.  
 

 

Birch concluded that the range in cost-effectiveness ratios supported the considerable 
economies of scale in water fluoridation and that recommendations concerning water 
fluoridation need to consider both the existing levels of disease and the population size.  
 
Economic analyses of various fluoride vehicles were undertaken at the second workshop 
entitled Cost Effectiveness of Caries Prevention in Dental Public Health conducted at Ann 
Arbor, Michigan (Burt, 1989). The workshop reviewed estimates of caries experience 
based on United States data from the 1980s (Garcia, 1989) and evidence of effectiveness 
reviewed in Section 5.3.2. Water fluoridation costs were calculated to vary substantially 
according to population size, from a range of US$0.12 -0.21 per person year in 



populations greater than 200,000 to US$0.60 -5.41 per person year in populations less 
than 10,000. An estimation of benefit assumed an annual DFS incidence of 0.22 in a 
population which is 90 per cent dentate where annual dental visits are made by 50 per 
cent of the population and the average cost of a two-surface filling was US$44. The benefit 
due to water fluoridation was US$4.36 per person year.  
The workshop concluded (AAPHD, 1989):  
 
"Summarizing the work groups' development of CE [cost effectiveness] ratios, some 
reasonable estimates were achieved for the CE of water fluoridation. Despite the caveats 
discussed, water fluoridation was confirmed as one of the best bargains in public health.... 
It became clear at the workshop that there were clear cost savings with water fluoridation, 
making it one of the very few public health procedures that actually saves more money 
than it costs."  
 
The workshop was unable to quantify the costs and benefits of other fluoride programs, 
but established a rank ordering for school based programs. Community water fluoridation 
was re-affirmed as the most cost-effective program followed by fissure sealants (in a non-
fluoridated area), fluoridated mouthrinses (in a non-fluoridated area), fissure sealants 
(fluoridated areas) and a program of fluoride supplements. This rank ordering assumed 
that labour costs at schools would be provided free of direct costs through the use of 
volunteer helpers.  
 
5.4.4 Population coverage provided by different fluoride vehicles  
While the preceding sections have examined the effects of fluoride vehicles on the total 
population, it is important to consider possible variations in those effects among different 
sub-groups of the population. A consideration of the population coverage of water 
fluoridation and other discretionary fluoride vehicles is particularly relevant, since the 
Submission suggests, for example, that the promotion of toothbrushing could be one 
strategy to supplant water fluoridation. Although the submission provides no substantive 
evidence to indicate that such a strategy would somehow be equally or more beneficial, 
such a suggestion requires evaluation, not only with regard to previous considerations of 
efficacy and cost effectiveness, but also to assess the extent of equity in population 
coverage which would be provided by such a strategy.  
 
One particular population sub-group which needs consideration is that defined by socio-
economic level. It is important to consider such possible differences in the effectiveness of 
fluoride vehicles in view of the significance of social equity as a criterion for formulating 
dental public health policy (see Section 2.2). This requirement is brought into focus by a 
recognition that lower socioeconomic groups have poorer access to, and utilization of 
dental treatment services. Consequently, there is a need to provide preventive dental 
programs which will be as effective (or more effective) for the lower socio-economic 
groups compared with the higher socio-economic groups.  
 
There are two distinct ways in which preventive programs could confer a greater benefit for 
those in lower socio-economic groups. First, if the lowest socioeconomic groups are 
known to have the highest rates of dental disease, then a preventive agent which confers 
a constant percentage reduction in disease will produce a greater benefit in absolute terms 
among those groups. That is, the group with the highest level of dental caries will 
experience the greatest absolute reduction in the number of decayed teeth. Second, if a 
preventive agent is somehow more effective among lower socio-economic groups, 
persons in those groups will experience the greatest benefit in absolute and percentage 
terms. The second scenario is only plausible if it can be demonstrated that the preventive 



agent is used more extensively by persons in lower socio-economic groups, or if their 
pattern of disease differs in such a way that the preventive agent is more efficacious. For 
example, if persons in lower socio-economic had a pattern of more smooth surface caries, 
and a fluoride vehicle was known to be more efficacious in preventing caries at such sites, 
a higher level of effectiveness may be plausible. In contrast, if fluoride vehicles were 
known to have a lower level of utilization among lower socioeconomic groups, or if they 
were less efficacious for the particular pattern of disease, then a reduced level of 
effectiveness (and an inequitable benefit) would be expected.  
 
Evidence has been published from oral epidemiological surveys concerning the 
effectiveness of water fluoridation among different socio-economic groups, and information 
concerning the use of fluoride tablets and drops provides some indication of the likely 
effectiveness of discretionary fluoride vehicles.  
 
5.4.4.1 Effectiveness of water fluoridation among socio-economic groups  
Six scientific papers have presented information on the effectiveness of water fluoridation 
among socio-economic groups by comparing caries rates in fluoridated and non-
fluoridated communities. All of them presented information on primary caries rates, and all 
were conducted during a period when toothpastes and other discretionary sources of 
fluoride were widespread. The principal findings are summarized in Table 22. In most of 
these reported findings, the percentage reduction in caries attributed to water fluoridation 
is of a similar magnitude in all socio-economic groups. In most cases, specific statistical 
test for interactions were applied to the observed differences in caries rates among the 
socio-economic groups, and these were non-significant, indicating that water fluoridation 
was equally as efficacious (when measured as percentage reductions) among the groups.  
However, the lowest socio-economic groups consistently had the highest caries rates, with 
the consequence that the absolute benefit, in terms of the reduction in the number of teeth 
with caries experience, was observed for lower socio-economic groups. Most commonly, 
the reduction in the absolute number of affected teeth was two or more times greater for 
the lowest socio-economic groups. Two exceptions exist. Carmichael et al (1980) 
observed larger reductions in absolute and percentage terms in Newcastle (UK) while 
Hausen et al (1982), who compared caries experience in fluoridated and non-fluoridated 
parts of Finland, observed similar absolute caries reductions in the sample of 7-9 year 
olds.  
 
The general pattern is therefore indicative of a greater effectiveness of water fluoridation 
(in terms of absolute caries reductions) among lower socio economic groups.  



* The study by Hausen et al (1982) compared 6-8 year olds living in areas with a 
 naturally high fluoride concentration. 
t  7-9 year old data were reported by Hausen et al (1982) as the percentage of 
 primary teeth which were decayed, extracted or filled -the calculation in this table 
 was made assuming 20 primary teeth. *  
 
5.4.4.2 Use of fluoride tablets and drops among socio-economic groups  
Evidence of socio-economic differences in discretionary fluorides comes from studies of 
variation in their utilization. Hence, the evidence differs from the studies which have 
examined, directly, the effect upon caries rates of fluoridated water among different socio-
economic groups. As noted in Section 3.4, the reported use of fluoride tablets and drops in 
non-fluoridated areas is not high. For example, in the Melbourne-Geelong study (Brown et 
al, 1990), only 46 per cent of children in non-fluoridated Geelong had used fluoride tablets, 
and compliance with recommended intake was described as "medium" or "high" for only 
14 per cent. While it is most important to encourage effective promotion campaigns to  



improve this under-utilization of an effective preventive procedure, it is probably realistic to 
acknowledge. that utilization will always be unsatisfactory to some extent. Therefore, it is 
most important to ascertain the extent of any underutilization among different population 
groups. Any groups which have lower utilization could be expected to receive less benefit 
from the prevention program.  
 
The study of Brown et al (1990) examined variation in the use of fluoride tablets and drops 
among eight year old children. Focussing on utilization in nonfluoridated Geelong, they 
found that 13 per cent of children in the middle socioeconomic group used tablets or drops 
as recommended, compared with only 1.4 per cent of those in the lowest socio-economic 
group. They noted, however, that the hi hest socio-economic group had an intermediate 
pattern, with only 2.8 per cent of them using supplements according to the recommended 
dose.  
Seow et al (1987) examined socio-economic variations in the use of fluoride tablets and 
drops among lifetime residents of non-fluoridated Brisbane. They conducted interviews 
with 1,572 parents of infants and children aged up to 13 years. Some past use of fluoride 
tablets or drops was reported by 35 per cent, although only 15 per cent of children were 
taking them at the time of the survey. There were marked differences in lifetime or current 
utilization among the three socioeconomic groups, as presented in Table 23.  

 
Together, these two Australian studies confirm that preventive dental behaviours are likely 
to differ substantially among socio-economic groups. While there are some differences 
between the studies concerning the behaviour of the middle and highest socio-economic 
groups, the consistent pattern, and one which may be expected based on observations 
concerning other health behaviours, is that the lowest socio-economic groups have the 
lowest use of fluoride tablets or drops. Furthermore, it is worth noting that, in the lowest 
socio-economic group in the Brisbane study, the most frequent stated reason for not using 
tablets or drops was a lack of knowledge of fluoride.  
A clear interpretation from these studies is that those persons in the lowest socioeconomic 
groups are least likely to benefit from a program which relies predominantly on 
discretionary forms of fluoride. Consequently, those groups can  
be expected to be disadvantaged, both in relative and absolute measures of caries  
experience, than higher socio-economic groups.  
 
5.4.4.3 Use of fluoride-containing toothpastes  
Although the use of toothpaste for teeth cleaning has become an integral part of personal 
hygiene, it is necessary to observe that:  



• toothbrushing is not universally practised;  
• if it is practised, toothpaste is not always used;  
• if toothpaste is used, it does not always contain fluoride;  
• the frequency of toothbrushing varies, despite the cultural truism of cleaning teeth 
 twice a day  
 
5.4.4.4 Use of professional fluoride applications  
The provision of professional fluoride applications is dependent on making  
dental visits. The School Dental Services in some States and Territories might 
be able to give coverage to more than 80% of school children, but this is not the  
case in New South Wales or Victoria, the most populous States, where a  
much lower percentage of the school population is provided with dental care. 
 
Further, the percentage of the population making dental visits in Australia falls rapidly after 
cessation of eligibility for School Dental Service care. Approximately 50 per cent of the 
population visits a dentist in any one year. Visiting patterns show strong positive 
socioeconomic gradients (with income level, educational attainment and occupational 
rankings), with such a gradient being the reciprocal of the prevalence of untreated caries. 
Those most at risk are least likely to make dental visits, and even if they do visit, may not 
receive preventive care such as a professional application of fluoride because of more 
immediate need for relief of pain or infection. In concluding this Section 5.4.4, it is clear 
that water fluoridation is more likely to achieve the desired effect of social equity among 
socioeconomic groups than any other strategy for the prevention of decay through the use 
of fluorides. Indeed, it is for the combined reasons of efficacy, (see Section 5.3.2), cost-
effectiveness (see Section 5.4.3) and full coverage of the population (particularly the need 
for equitable coverage of all socioeconomic groups) that water fluoridation has frequently 
been the preferred vehicle for providing fluoride to the community. Consequently, the 
suggestion in the Submission, that toothbrushing with fluoride containing toothpaste could 
supplant water fluoridation, appears to be most inappropriate. Such a program could be 
expected to be less efficacious, more costly, and would be less likely to provide equitable 
benefits to all socio-economic groups.  
 
5.4.5 Issues of community concern: Risks, civil liberties and social equity  
The decision to fluoridate a community's water supply is not made only on the basis of the 
available scientific data. It is, finally, a social decision that incorporates judgements about 
public health benefits and risks along with consideration of other social, economic and 
political values. These two dimensions - scientific and social - are examined further in 
Section 7.6.  
 
Whether or not water fluoridation is a desirable public health policy in Australia now 
depends on a weighing up of the full range of benefits and negative aspects.  
 
(a) In relation to each of the possible alternative strategies in dental public health policy, 
who benefits and to whom is harm done?  
 
(b) Who decides, and on what basis are such public health decisions made?  
 
(c) What weight should attach to the encroachment upon the civil liberties of individual 
citizens occasioned by the fluoridation of communal drinking water in particular?  
 
Attempting to balance health risks against health benefits involves judgements about the 
value to be placed on each of a variety of outcomes and risks. If the health benefits of 



water fluoridation are regarded highly and the negative effects are seen to be negligible, 
there may be little community concern about fluoridation of water supplies.  
 
However, some may argue that even if the only negative aspect is a curtailment of 
individual freedom, then water fluoridation is undesirable. While it may be possible for 
individuals to substantially avoid fluoridated water, essentially water fluoridation has 
"inescapable consequences for all members of the community concerned (Crisp, 1968).  
 
The community generally supports the over-ruling of individual choice in favour of majority 
benefit in many areas, particularly in relation to public health (for example, seat-belts in 
cars, addition of chlorine to community drinking water supplies, and compulsory 
vaccination for some purposes). However, unlike some public health measures designed, 
for example, to limit the spread of infectious disease, policies on water fluoridation have 
often attracted controversy.  
 
The impact of fluoridation or defluoridation on different sections of the community is an 
issue of considerable importance. Not all groups within the community are affected equally 
by such health policy decisions. If oral health policies centre on alternative programs which 
rely on individual behaviour changes (including supplementary fluoride from non-water 
sources), then it is likely that children within certain population sub-groups will be 
particularly disadvantaged. Many active alternative supplementary programs, such as 
long-term daily intake of fluoride tablets, are unlikely to have much appeal for children or 
their parents. As with major dietary and oral hygiene changes, it is likely that children in 
those families who already have a high commitment to oral health would benefit most, 
while many who need additional caries-prevention measures may benefit least.  
 
Given the potential impact of changes in public health policy on the individuals in the 
community, the issue of how such decisions are made is of considerable importance. The 
needs of those who are likely to bear most of the burdens of negative effects of varying 
health policies must be addressed, and the process of decision-making should encompass 
those broad areas which are likely to be of concern to the community.  
 
Ultimately, public policy on whether or not to fluoridate water supplies in this country will 
need to reflect the knowledge, values and priorities of the Australian community.  
 
6. Considerations of possible toxicity and of safety margins 6.1  
 
Introduction  
 
The evaluation of the toxicology of a chemical generally falls into three distinct, but 
interlocking, stages.  
 
1. Identification of the range of toxic effects which may occur at high exposure. This 

analysis usually requires a structured program of experiments with controlled 
exposures in animals. It is assumed that toxicity is dose-dependent and occurs by a 
biological mechanism which may be generally extrapolated across species. It is 
sometimes possible to supplement these animal data with human data - for 
example, using the experiences of acute accidental or intentional exposures or of 
conic  occupational exposures.  

2. Determination of the dose-response relationship, generally in terms of the 
 probability of the occurrence of specific toxic effects at various levels of exposure, 
 but sometimes as a consideration of the severity of the effects progressing with 



 dose. Human data are clearly more relevant than animal data, but the uncontrolled 
 nature and variability of the human exposures and the poor quantitative definition of 
 the actual levels of exposure usually place severe limitations on their interpretation.  
3. Calculation of a "best estimate" of the exposure level which would be unlikely to 
 lead to adverse effects in man. This process of extrapolation to an "acceptable level 
 of exposure" (sometimes defined as the ADI or "acceptable daily intake") is 
 somewhat arbitrary and involves a variety of uncertainties, including:  
• knowledge of how species differences in metabolic and dispositional factors may 
 affect the response  
• the validity of extrapolating from high to low dose levels  
• uncontrolled (possibly large) variability in predictable exposure rates in a 
 heterogeneous human population  
• the appropriateness of arbitrary "safety factors"  
 
It is important to consider safety margins in relation to more than the 'average exposure', 
since individuals may vary substantially in the total external dose of exposure that they 
receive and in their biological susceptibility to that exposure. With respect to daily ingestion 
of fluoride, a 10- to 20-fold variation has been estimate between adult individuals. A safety 
factor of 10 is normally assumed to provide protection for high-risk groups. Any other 
major uncertainties must be compensated for by increasing this safety factor.  
 
The human and animal databases on fluoride toxicology are extensive. Therefore, despite 
the uncertainties inherent in the approach described above, some aspects of fluoride 
toxicity in man may be evaluated with a degree of confidence usually not available with 
other food-borne or environmental chemicals.  
 
Effects on mineralised tissues - better known by the terms dental and skeletal fluorosis -
appear to be among the most sensitive indicators of fluoride exposure in both experimental 
studies in animals and in clinical studies in man. There appears to be a relatively 
comfortable safety margin between intake levels producing these effects, and levels which 
produce more severe systemic toxicity - 
 
e.g. gastrointestinal irritation, renal dysfunction, haematological and serum electrolyte 
disturbances, and ultimately, death from cardiovascular collapse and respiratory failure.  
Table 24 is a guide to the probable dose-response relationships for fluoride toxicity.  



 
 
6.2 Dental fluorosis 
 
Dental fluorosis is a hypoplasia or hypomineralisation of tooth enamel or dentine resulting 
from excessive fluoride ingestion during the period of tooth formation, (Horowitz, 1986). Its 
intensity ranges from barely noticeable whitish striations to confluent pitting and staining of 
the dental enamel. Dental fluorosis may result from an impairment of the process of 
enamel maturation due to a fluoride-induced change in composition or rheologic features 
of enamel matrix or to a disturbance of the cellular processes during enamel maturation. It 
can occur through interference with calcium homeostasis. Recent findings (Fejerskov et al, 
1990) suggest that the period of enamel maturation is likely to be the most important in the 
pathogenesis of dental fluorosis. During the period of enamel formation, any sources of 
systemically ingested fluoride are potential risk factors for dental fluorosis.  
 
The exact threshold dose at which fluoride causes dental fluorosis is not known with any 
certainty, but is suggested to be at around 0.1 mg/kg body weight (Riordan, 1989b). 
Conversely, Fejerskov et al (1990) provide evidence that some level of fluorosis is 
clinically detectable at levels of intake as low as 0.01 mg per kg body weight (even though 
it may be unnoticeable or unimportant from an aesthetic or public health perspective). 
They propose that the concept of a "threshold" dose may be inappropriate, and that some 
level of fluorosis can be detected even in communities where there is a very low intake of 
fluoride from water. A further consideration is the time of exposure which needs to occur 
during the ages of tooth calcification which range from birth to five years (permanent 
incisors and from birth to eight years (other permanent teeth, excluding third molars). 
 



Dental fluorosis was carefully studied by Dean and co-workers during the 1930s in various 
United States communities which were exposed to varying natural levels of fluoride. A 
classification for dental fluorosis was developed at that time which is still widely used. 
Other indices are also frequently measured in epidemiological studies: the TF index 
(Thylstrup and Fejerskov, 1978), the TSIF index (Horowitz et al, 1984) and a non-specific 
index of enamel defects (FDI, 1982).  
 
It is important to note that fluorosis reflects the fluoride exposure at the time of tooth 
development, and that there are other causes of pitting and staining of teeth which can 
resemble fluorosis clinically and with which mild fluorosis is sometimes confused. This, 
and the inconsistent methods by which fluorosis is assessed, makes it difficult in the 
absence of special surveys, to discover the extent of changes in dental fluorosis with time 
or in different communities. Furthermore, it is probable that the level of exposure during 
the critical years of tooth formation (from birth to five years at least) will vary, particularly 
as sources of fluoride and body weight change quite dramatically during this period of life.  
 
6.2.1 Distribution and changes in prevalence of dental fluorosis  
The prevalence of dental fluorosis increases with fluoride concentration in the water. 
Driscoll et al (1983) found that the prevalence of dental fluorosis was significantly lower in 
optimally fluoridated areas (community fluorosis index of 0.39) than in above optimal 
areas. The index of fluorosis was 1.16 (in communities with twice the optimal fluoride 
concentration), 1.25 (3 times optimal concentration), and 1.88 (4 times optimal 
concentration). In two communities in New Mexico, Eklund et al (1987) found that 98.8 per 
cent of the residents in the high fluoride community (3.5 ppm, 5 times optimum) had 
moderate to very severe fluorosis whereas 95 percent of the residents in the optimum 
fluoride community had normal teeth to very mild fluorosis.  
The prevalence of dental fluorosis appears to have increased in the United States in 
recent years. Leverett (1986) found that the prevalence of dental fluorosis (compared with 
the findings in Dean's studies in 1942) was three to five times higher in non-fluoridated 
communities and two times higher in fluoridated communities. Szupnar and Burt (1987) 
found a slight trend toward increased incidence of fluorosis in the United States but they 
maintain that the association is not as clear cut or as widely accepted as the recent decline 
in the prevalence of dental caries. They state that further study is required to validate the 
trend. On the other hand, Driscoll et al (1983) did not find elevated levels of fluorosis in low 
or optimal-fluoride areas compared with the levels observed historically. In the low-fluoride 
areas, only 2.9 per cent of children had definite but slight signs of fluorosis and in 
fluoridated areas the figure was 14.6 per cent, little more than the 10 per cent figure which 
the authors cited as the historical prevalence. This was despite the availability of additional 
fluoride vehicles.  
 
A recent study of dental fluorosis trends among children in New York state (Kumar et a!, 
1989) found negligible increases (ranging from 0-0.09 using The Community Fluorosis 
Index) in fluorosis prevalence between 1955 and 1986 in fluoridated Newburgh. However, 
a notable increase (ranging from 0.13 to 0.23) was observed for the same period in non-
fluoridated Kingston. The increased risk of fluorosis appeared to be associated with the 
use of fluoride tablets. In Kingston 31 per cent of children had used fluoride drops or 
tablets, and they were almost four times as likely (odds ratio=3.8)to have fluorosis 
compared with Newburgh residents where supplements were used by only 5 per cent.  
 
In New Zealand, Aasenden and Peebles (1974) showed that approximately two thirds of a 
group of 7-12 year old children from non-fluoridated communities, who had ingested 0.5 
mg fluoride tablets daily from shortly after birth to three years and 1 mg per day thereafter, 



were classified as having fluorosis (mainly of the mild or very mild types). A more recent 
study conducted in New Zealand by de Liefde et al  
(1985) found that the prevalence of dental fluorosis in a group of 666 children aged nine 
years was 49.4 per cent for a fluoride tablet group compared with 36.7 per cent and 22.8 
per cent for the water fluoridation and low fluoride groups,  
respectively.  
 
An unpublished analysis of studies of children in Tamworth between 1963 and 1988 was 
made available to the Working Group (Barnard 1990). No consistent pattern of increase or 
decrease in fluorosis was observed in this population during the 21 years of observation - 
see Table 25.  

The increase in fluorosis observed in Tamworth children was small, and no higher than 
that which is expected when the fluoride concentration of drinking water is raised to 1 ppm. 
Further, most cases were at a questionable or very mild level, where fluorosis would only 
be observed during clinical examination by a trained observer. Of considerable interest 
was the decrease in the prevalence of fluorosis between 1979 and 1988. This does not 
support claims that fluorosis is increasing. While it remains speculative, the decrease may 
be due to the abolition of recommendations (made in the early 1970s) on the desirability of 
fluoride tablet use in fluoridated areas in New South Wales.  
 
6.2.2 Risk factors for dental fluorosis  
In Germany, Hellwig and Klimek (1985) found that additional ingestion of fluoride by way of 
tablets resulted in a higher prevalence of dental fluorosis than just drinking fluoridated 
water. A similar result was obtained in the United States. Bohaty et al (1989) found that 
there was a statistically significant difference between the use of discretionary fluorides 
other than toothpaste and the prevalence of fluorosis lesions in optimally fluoridated areas.  
 
For example, they found statistically significant associations between fluorosis and 
supplement usage (odds ratios, 722.6) and prescribed rinses or gels (odds ratios, 2.8-5.2).  
 



In contrast, Pendrys and Katz (1989) found an odds ratio of 2.9 associated with the 
initiation of toothbrushing with a fluoridated toothpaste in children aged between three and 
six years. Woolfolk et al (1989) studied schoolchildren in Michigan and found that the risk 
of fluorosis was 2.3 times higher when fluoride supplements were used, and furthermore 
this risk was 34 times higher if the prescriber was a physician rather than a dentist.  
 
Ekstrand and Ehrebo (1980) warn that young children may reach an unexpectedly high 
intake of fluoride every time toothbrushing is performed if they use fluoridated toothpaste 
in conjunction with fluoride from either fluoridated drinking water or a prescribed fluoride 
supplement program. The prevalence of dental fluorosis has also been linked with feeding 
histories during infancy: a study by Walton and Messer (1981) found that the fluorosis 
index was lowest for children who had been breast-fed for 3 months or more, and was 
greatest for those bottle fed for more than 12 months.  
 
Szpunar and Burt (1990), investigated the fluoride exposure in Michigan schoolchildren 
and found that 98.6 percent of the children had used fluoride toothpastes, 27 percent had 
used topical fluoride rinses, 72.5 percent had at least one exposure to professionally 
applied topical fluoride, and 27 percent had used dietary fluoride supplements. The 
authors proposed a limit to the use, or a reduction in the fluoride concentration of 
toothpastes, mouthrinses, and supplements.  
 
A recent review by Pendrys and Stamm (1990) identified risk factors for the development 
of dental fluorosis: the age at which dietary fluoride tablets or drops were commenced 
(odds ratio of 3.9-5.4 for children who commence tablets or drops during infancy); the age 
at which use of a fluoridated toothpaste began (odds ratio of 11.0 for children who begin 
before the age of 2); and duration of use of infant formulas (odds ratio of 10.5 for children 
who consume formula for 1-2 years). The authors concluded that the existing evidence 
points to a need to review fluoride tablet/drop supplementation schedules and early oral 
hygiene practices. There was also a need for further analytical and descriptive 
epidemiological studies to confirm and clarify the patterns and causes of dental fluorosis.  
 
6.2.3 Conclusions from studies of dental fluorosis  
While dental fluorosis is probably a sensitive indicator of the level of fluoride which humans 
are ingesting at the time of tooth development, its epidemiologic detection requires rigour, 
and the evidence about the extent to which it is increasing in  
communities served by fluoridated water supplies is debatable. It seems  
quite likely from the evidence in the literature that fluorosis will be more of a  
problem where dosage of fluoride is erratic and uncontrolled. For example,  
most studies implicate discretionary sources of fluoride as important risk 
factors for the development of fluorosis. However, there are no published  
studies on the level of fluorosis or its association with fluoride vehicles in  
communities in Australia since fluoridation was introduced. Clearly, such studies 
are needed, as dental fluorosis in childhood is the best available community  
indicator of total fluoride intake during the years of tooth development. 
 
6.3 Studies of general health in communities with naturally occurring fluoride 
 
The small Texas community of Bartlett (8.0 ppm F) was studied over the period 1943-1953 
for any abnormal effects upon general health, in comparison with a neighbouring control 
community, Cameron (0.4 ppm F). Investigations included: detailed water analysis; 
abnormal clinical findings; and laboratory investigations. There was no significant variation 



between Cameron and Bartlett, except for a high incidence and severity of mottled tooth 
enamel in Bartlett (McClure, 1970).  
 
6.4 Skeletal fluorosis  
Because of their relatively small mass, the teeth serve as storage points for only a small 
proportion of retained fluoride. Approximately 50 per cent of ingested fluoride is excreted 
by the kidneys (if they are healthy) and almost all of the remainder is deposited in the 
skeleton. Although this skeletal deposition is not permanent (being subject to dynamic 
equilibrium between intake and excretion) the net effect is a tendency for fluoride to 
cumulate in bones with increasing age (Murray, 1986). Chronic exposure to high intakes of 
fluoride over many years may lead to skeletal fluorosis, a condition whose major clinical 
manifestations are pain in the vertebral column and pelvic girdle, leading to stiffness and 
immobility in the joints. In advanced cases, neurological complications can arise from 
pressure on the spinal cord and nerves. Most reports of skeletal fluorosis in the literature 
arise from sustained intakes of high levels of fluoride (for example, in occupational 
exposure settings).  
 
A small series of case reports from overseas have, however, appeared in the literature, 
indicating that in some circumstances skeletal fluorosis can occur in people who have 
been exposed to fluoride levels in water as low as 0.7 ppm, (Singh, 1961; Misra, 1988). 
Other factors besides fluoridated water supplies, can of course contribute to this syndrome 
including excessive tea drinking, ingestion of vegetables grown in fluorotic soil, and 
excessive ingestion of water either as a consequence of high temperatures, heavy manual 
work and/or pathological levels of thirst. It also seems that fluorosis is more likely in 
populations which are malnourished (Srikantia, 1985). Theoretically, people with impaired 
renal function are at greater risk of developing skeletal fluorosis and two US cases of 
skeletal fluorosis are recorded in patients who had been exposed to water fluoride levels of 
1.7 and 2.6 ppm, Juncos and Donadio (1972).  
 
The advent of fluoridated toothpastes in Australia has almost certainly increased fluoride 
deposition in the bones of some Australians. It would not be surprising if there were some 
undetected cases of skeletal fluorosis in the Australian  
population in individuals with pathological thirst disorders and/or impaired renal function. 
However, the matter has not been systematically examined. This matter should be the 
subject of careful and systematic review.  
 
6.5 Allergy and hypersensitivity  
The notion that certain individuals might be allergic or hypersensitive to fluoride has been 
repeatedly raised throughout the last forty years. This issue has been carefully examined 
by repeated enquiries and professional groups, and little substance for the claim has been 
identified. It must be noted that it is generally impractical to eliminate fluoride from diet 
altogether. Those who complain that symptoms are related to fluoridated water are 
claiming an effect from an incremental fluoride increase, not its presence versus its 
absence.  
 
The American Academy of Allergy was requested by the United States Public Health 
Service in 1971 for its views on this matter (Austen et al, 1971). The Academy reviewed, 
first, all clinical reports of allergy to fluoride to determine whether there was sufficient 
clinical or scientific information to classify any case of presumed fluoride allergy in one of 
the four major classes of hypersensitivity reaction.  
 



Secondly, the reports were evaluated to determine whether there was sufficient clinical 
evidence to support the possibility that intolerance or allergy to fluorides might occur as 
one of the less well understood types of drug reactions (that may or may not be 
immunologically mediated). The reports listed a wide variety of symptoms, including 
vomiting, abdominal pains, headaches, scotomata, personality change, muscular 
weakness, painful numbness in extremities, joint pain, migraine headaches, dryness in the 
mouth, oral ulcers, convulsions, mental deterioration, colitis, pelvic haemorrhages, 
urticaria, nasal congestion, skin rashes, epigastric distress, and haematemesis.  
 
The Academy's review failed to demonstrate clinical or laboratory evidence that could lead 
them to identify true syndromes of fluoride allergy or intolerance, and reports since that 
time have not altered that conclusion. As a result of the 'review the Academy adopted the 
following statement:  
 
"There is no evidence of allergy or intolerance to fluorides as used in the fluoridation of 
community water supplies" (Austen et al, 1971).  
 
Waldbott (1978), whose book lists many more symptoms which he attributed to chronic 
fluoride intake, claimed to have successfully treated large numbers of patients by removal 
of all fluoride intake. Their symptoms were said to have recurred on re-establishment of 
intake of fluoridated water.  
 
In a double-blind Dutch study by Grimbergen (1974), 60 of 300 patients who complained of 
side effects from fluoride were subjected to rigidly-controlled water intake in a comparative 
trial in which each patient acted as his/her own control. In that study (about which the 
Working Group has significant methodological reservations, and which.- despite the 
author's claim that it was a preliminary report -has not apparently been followed by 
subsequent publications) the authors concluded that certain individuals are intolerant to 
fluoride and reproducibly develop gastro intestinal symptoms, stomatitis, joint pains, 
polydipsia, headaches and visual disturbances.  
 
This issue of presumed allergy and/or hypersensitivity to fluoride is repeatedly raised by 
those opposed to the fluoridation of community water supplies. However, the evidence that 
fluoride is an allergen remains unconvincing, and until positive data are available from well 
controlled studies, the Working Group believes that the issue remains unsubstantiated.  
 
6.6 Carcinogenicity  
Three sources of data are used to address the question of whether or not a chemical is a 
 potential risk factor in human cancer.  
1.  Epidemiological studies. This is an approach capable of establishing, most 
 conclusively, the link between exposure to a chemical and the subsequently 
 increased cancer risk in man. However, there are some well-recognised limitations 
 to the sensitivity of epidemiological methods. Conclusions are particularly  
 compromised when:  
• the cancer is associated with a site having a high basal rate or variable incidence 
 
• exposure rates may only be high enough to produce a marginal increase in cancer 
 incidence  
• there are multiple confounding factors which cannot be discriminated  
 
2.  Animal bioassays. This approach is based upon the general assumption that the 
 mechanisms of neoplasia are common across species. Further, it is assumed that 



 exaggerated exposure increases risk in a quasi-linear fashion so that an excess 
 cancer rate may be detected from relatively small exposure groups (n = 50 per dose 
 rate is commonly used in rodent bioassays). There is also the danger that 
 interpretation of the results may be compromised if dose rates are high enough to 
 produce overt systemic toxicity.  
3.  Genotoxicity assays. These are based upon the premise that carcinogenesis 
 invariably requires some DNA damage to initiate the processes of neoplastic 
 transformation. Whether or not genotoxic effects may also influence later events in 
 the multi-stage process of carcinogenesis is not well understood. Neither is it known 
 whether the standard tests for genotoxicity reliably detect such cancer-promoting 
 properties.  
 
Genotoxicity tests do have an advantage over chronic animal bioassays in that the end-
points are usually more precisely defined and they are relatively cost-effective.  
With regard to fluoride, the extensive database provides an unusually firm platform for 
assessing its carcinogenic potential.  
 
6.6.1 Epidemiological studies.  
The epidemiological evidence was reviewed in the late 1970's and early 1980's, following 
allegations from the critics of fluoridation (principally by Burl'' and Yiamouyiannis) that an 
increase in cancer incidence was observable in selected U.S. cities following fluoridation of 
the public water supply. Clemmenson (1983) has articulated the fallacies in the Burk and 
Yiamouyiannis interpretation of data and went on to review other epidemiological evidence 
which fail to support the contention that fluoride is carcinogenic. Refutation of the 
allegations was based upon the application of population standardisation procedures well 
known to be important for the interpretation of cancer incidence data. This whole issue has 
now been thoroughly evaluated by a number of reputable scientific review panels 
internationally, and was discussed in both of the previous NHMRC reviews of fluoridation.  
 
The International Agency for Research on Cancer (IARC) is an authoritative source of 
evaluation for carcinogenic chemicals as risk factors for human cancers. IARC assesses 
published data for each of the three forms of evidence listed above and categorises 
carcinogens according to the weight of the findings. While noting weaknesses in the 
experimental design of the few chronic exposure studies in rodents available for 
assessment at the time, IARC, in its most recent review of fluoride, concluded that the 
evidence was too limited to draw any conclusions about fluoride carcinogenicity (IARC 
1982).  
 
An enquiry chaired by Professor E.G. Knox in the United Kingdom (Knox, 1985) reviewed 
the evidence from epidemiological studies of water fluoridation and cancer in human 
populations. A considerable portion of the report was devoted to a review of various 
studies which had stemmed from analyses conducted by Yiamouyiannis and Burk during 
the 1970s. The studies were concerned both with comparisons of cancer rates for a single 
period and with comparisons of time trends in fluoridated and non-fluoridated areas. 
Evidence concerning cancers at all sites as well as specific cancers was examined, and 
areas with naturally and artificially fluoridated water supplies were considered. This 
evidence was derived from studies conducted primarily in the USA and United Kingdom, 
although other countries were also included.  
 
The Knox Report reached a series of conclusions:  
 "We conclude that there is no substantiated evidence from studies of human 
 populations that fluoride or fluoridation causes cancer, or increases mortality from 



 cancer, whether for cancer as a whole or for cancer at individual sites. ... Each of 
 the epidemiological studies whose authors have concluded or implied that 
 fluoridation causes cancer has been shown to be unsoundly based. The 
 conclusions of those studies arose from elementary errors, most importantly a 
 failure to use standard and well tried approaches which would allow properly for 
 these important demographic and socio-economic differences between 
 populations."  
 
 "Can we say that fluoridation is safe? We note first that the numbers involved in the 
 many investigations which we have reported are probably greater than those 
 marshalled in relation to any other public health procedure. The investigations cover 
 hundreds of communities, corresponding to many millions of people and tens of 
 thousands of cancer deaths and cancer cases arising in the normal course of 
 events. The matter has been put to the test in a variety of circumstances, and a 
 range of different outcomes has been measured, including both mortality and 
 incidence for cancer as a whole and for cancer at different sites. The findings cover 
 each sex, a range of age bands, and different ethnic groups. The consistency of the 
 results and conclusions, apart form those clearly attributable to errors of analysis, 
 provides powerful reassurance of safety."  
 
(From: Knox, 1985).  
 
It is not the purpose of this report to provide an extensive discussion of previous reviews, 
including the one chaired by Knox. However, in view of the recent equivocal findings 
concerning bone cancer in the National Toxicology Program's rodent study (NTP, 1990), 
the Working Group made specific considerations of the evidence concerning bone cancer 
in human populations.  
 
Initially, it was noted in the Knox Report:  
 
 "In fact, quite extensive information on cancer rates by site is available, and no 
 association between fluoride or fluoridation and cancer at any site or group of sites 
 has been detected." (Knox, 1985).  

Indeed part of the Knox Report involved a specific study of site-specific cancers in 
areas of the United Kingdom with different concentrations of naturally occurring 
fluoride in drinking water. The incidence of bone cancer in males and females was 
compared between areas with "high" (average 1 ppm fluoride or more) and 
matched areas with "low" (0.2 ppm or less) concentrations of fluoride in drinking 
water. In addition, areas with "medium" (0.5 - 0.99 ppm)concentrations were 
compared with matched areas with "very low" (0.1 ppm or less) concentrations. The 
incidence rates were standardized to yield average Standardised Registration 
Ratios (SRR) for each site. The findings concerning bone cancer are displayed in 
Table  26. In view of the match in of cities it is appropriate to compare the "high" 
and "low" areas, and to separately compare the "medium" and "very low" areas. 
The differences in bone cancer SRRs were not statistically significant, and there 
were no discernible trends. For example, the SRR for males was higher in the 
"high"  fluoride areas than the "low" areas, but for females the pattern was reversed. 
"Medium" areas had lower SRRs than "low" areas for both sexes.  

 



 
Hoover et al (1976) included bone cancers in their examination of cancer mortality among 
counties in Texas with different concentrations of naturally occurring fluoride. Standardized 
mortality ratios (SMR) were calculated, controlling for age, sex, urbanization and 
socioeconomic status. Four categories of fluoride concentration were considered. As 
indicated in Table 27 The differences in SMRs were not statistically significant, nor was 
there a consistent trend in either sex. Indeed, the lowest SMRs were observed in counties 
with the highest fluoride concentrations:  
 

Hoover et al also examined time trends in site specific cancers before and after artificial 
fluoridation drawing information from all US counties. The SMRs in counties in which at 
least two thirds of the population were first fluoridated during the period 1950 - 1964 were 
computed for five year periods (pentads)ranging up to 10 years prior to fluoridation and 15 
years after fluoridation. Any association between fluoridation and cancer was expected to 
manifest as an increase in SMRs after fluoridation. Such a trend was not observed, and 
there was a "striking" consistency in SMRs over time (Hoover et al, 1976). The findings for 
bone are presented in Table 28. Here it is apparent that the SMRs 15 years after 
fluoridation were lower than the SMRs in the pentad prior to and during fluoridation.  



 

. 
These studies concerning bone cancer reiterate the conclusions of the Knox Report; that 
is, there is no substantiated epidemiological evidence that fluoride (occurring naturally) or 
fluoridation causes cancer in human populations (Knox, 1985). The current NHMRC 
Working Group also concurs with the Knox Report which noted in its conclusions:  
"It is desirable, nevertheless, that cancer rates should continue to be examined in 
fluoridated areas; even though there is no reason to anticipate that fluoridation will 
influence cancer rates, such surveillance should, out of prudence, be a routine." (Knox, 
1985).  
 
6.6.2 Animal bioassays  
The spectre of fluoride carcinogenicity has re-emerged with the publication of new lifetime 
rat and mouse studies conducted by the US National Toxicity Program. The results of this 
study (NTP, 1990) received wide media publicity during the early months of 1990, although 
the usual NTP scientific peer review processes and public discussions of the studies did 
not begin until April. The preliminary NTP assessment stated that the studies demonstrate 
"equivocal evidence of carcinogenic activity in male F344 rats, and no evidence of 
carcinogenic activity in either female rats or mice of either sex."  
 
The Working Group concurs with the NTP warning that interpretation of public health 
issues concerning the fluoridation of the public water supply requires a broader 
consideration of both the experimental and epidemiological databases. The Working 
Group is aware that the NHMRC Committee on Toxicity reviewed the NTP study and other 
data on possible fluoride-related carcinogenicity at its July 1990 Meeting, and will issue its 
findings in due course.  
 
Meantime, the Working Group has made its own assessment of the NTP study and has 
considered its findings in the light of an even more recently published study in rats (Maurer 
e t al, 1990).  
 
The essential features and differences in the two rodent studies are summarised below:  
The NTP studies exposed B6C3F1 mice and Fischer F344 rats to sodium fluoride (0, 25, 
100, 175 ppm) in their drinking water (equivalent to fluoridation to 0, 11, 45, 79 ppm F-). 
There was very clear evidence of fluoride-induced tooth mottling and attrition. The 



dentition of both sexes in mice was more susceptible than the dentition in rats, with female 
rats showing most resistance to the effects. Most concern was focused on the apparently 
dose-related increase in the incidence of osteogenic sarcoma (bone neoplasm) in male 
rats. The reported incidence is presented in Table 29.  

Most press reports quote this incidence. However, one of the reported four osteosarcomas 
was in fact an extra skeletal mesenchymal tumour with a cartilaginous and osteoid matrix. 
This rat had no primary bone neoplasm and the pathologists concluded that the lesion was 
"a benign mesenchymal growth of uncertain histiogenesis and biological potential".  
 
The Maurer study, sponsored by Procter & Gamble and conducted at the Madison 
Wisconsin laboratories of Hazleton Laboratories America Inc., exposed CRSprague-
Dawley rats to sodium fluoride (4, 10, 25 mg/kg/day) as supplements to a low-fluoride diet. 
Two control groups received either the standard rat diet, or the unsupplemented low-
fluoride diet. The dose-related adverse effects of fluoride included: tooth fractures, 
ameloblastic dysplasia and enamel hypoplasia; subperiosteal hyperostosis of the bones 
(cranium > mandible = maxilla > premaxilla = cervical vertebrae > femur); inflammation, 
hyperkeratosis and acanthosis of the stomach epithelium.  
 
The Maurer study, which had a slightly higher range of fluoride intake than the NTP study 
(1.8 - 11 mgF-/kg/day vs. 0.45 -4 mgF-/kg/day), failed to find any evidence of fluoride-
related cancers at any of the targeted sites -i.e. there were sporadic single findings of 
stomach papilloma, odontoma and osteosarcoma within the treated and control groups, 
but there was no discernible fluoride doseresponse relationship.  
 
The interpretation of these apparently conflicting findings requires careful consideration, 
amongst other issues, of:  
 
a) is the apparently carcinogenic response in the bones of the NTP F344 rats a 
consequence of the proliferative effect of the bone mineralisation disturbances which 
resulted from the substantial levels of fluoride accumulation?  
Bone ash fluoride levels were increased in a clearly dose related manner in the positive 
NTP study, reaching levels of 5,000-6,000 ppm at the highest dose rates in both rats and 
mice (compared to 5001,000 ppm in the controls). Even higher bone fluoride accumulation 
was found in the negative Maurer study (5,000 -15,000 ppm compared to 1000 ppm in the 
controls).  
 
In the NTP study the main non-neoplastic bone lesions attributable to fluoride ingestion 
was an increased incidence of osteosclerosis in the highest dosed female rats. Sub-
periosteal hyperostosis (a marked thickening of the lamellar structure of bone) was 
reported to increase with fluoride dose in both sexes of rat in the Maurer study, although 
the sex-difference in sensitivity tended to be in the opposite direction (m>f).  
 
Bone calcium levels were relatively unaffected by fluoride administration in the NTP study, 
except in high dose female rats, where there was, approximately, a 30 per cent reduction. 
Bone calcium levels were not reported in the Maurer study. In separate rat studies 



(Fejerskov et al 1979), fluoride intakes which produced plasma fluoride levels and dental 
effects comparable to those seen in the NTP study, were associated with a mild 
(approximately 15 per cent) fall in total plasma calcium.  
b) Was the incidence of osteogenic sarcoma in the NTP rat study within the pattern of 
variation in historical control data?  
 
The overall incidence of bone neoplasms in NTP historical control data for male F344 rats 
was cited as 10/2106 (0.5 per cent) and the highest incidence in any individual group was 
cited as 6 per cent. Thus, while the incidence of osteosarcoma in F--treated male rats in 
the NTP Fluoride Study is within the range of the historical controls, only the dose-related 
trend in the incidence adds weight to the conclusion that the carcinogenic effect is 
equivocally related to fluoride ingestion. One element of the design of the NTP study which 
sets it apart from other studies was that a full radiological assessment was made of the rat 
skeletons. It is possible that this enhanced surveillance technique increased the probability 
of finding bone tumours, although the report states that those tumours found were obvious 
without reference to the radiographs.  
 
c) Why is there a lack of consistency in the results of various studies and what is the 
significance of the sex- and species-differences in response?  
Both the Maurer rat study and the NTP mouse study were negative for any fluoride-related 
cancer response. Only male rats in the NTP study developed bone neoplasms. Female 
rats did not, despite having clear evidence of osteosclerosis in their long bones.  
While all of the other animal studies reviewed by IARC (1982) were cautiously assessed 
by IARC to be inadequate for the assessment of possible fluoride-related carcinogenicity, 
there were no positive findings of carcinogenicity among them.  
 
It has been contended that the exaggerated exposure conditions used to increase the 
sensitivity of the conventional carcinogenesis bioassay leads to difficulties in extrapolating 
the findings to man. There is a growing appreciation of the possible impact of conic 
mitogenesis associated with toxicity at high dose rates. The resultant accentuation of the 
processes of spontaneous carcinogenesis may give rise to a false interpretation of the 
carcinogenic potential at lower rates of exposure, particularly when the chemical under test 
does not appear to be genotoxic.  
 
6.6.3 Interpretation of Animal Studies  
The question may be asked -how well do the fluoride dose rates in the NTP and Maurer rat 
studies reflect human fluoride intake associated with fluoridated water? On a direct 
comparative basis, the water level producing toxic effects in the NTP study (79 ppm) and 
estimated fluoride intake (4 mg/kg/day) appear to greatly exceed the intake associated 
with the highest water fluoride levels for which there is any human experience. However, 
analysis of the comparative plasma and bone fluoride levels may suggest that the 
differences are not so great.  
 
Humans living in areas with water supplies containing 0.1, 1.2, 5.6, and 9.6 ppm achieve 
plasma F-levels of 8, 10-30, 82 and 25-100 ug/l respectively (Ekstrand, 1978). Rats 
achieve plasma F-levels of 40, 100, 250 ug/l at water intake levels of 0.2, 56.5 and 113 
ppm respectively (Fejerskov et al 1979).  
Bone ash F-levels of 8,000-12,000 ppm have been reported in humans living in an area 
with an average 4 ppm F in the drinking water, when the vertebra and pelvis are noticeably 
radiologically more dense (Zipkin et al, 1958), and in patients treated for osteoporosis (50-
66 mg/day sodium fluoride over 56 years). In contrast, bone ash levels of 5,000-6,000 ppm 
were reported in rats at the highest dose rates in the NTP study.  



 
6.6.4 Overall assessment  
There will always be some degree of uncertainty associated with the interpretation of 
epidemiological and animal studies of carcinogenic risk. The preceding evaluation of 
animal experimental studies by the Working Group sought to reduce this uncertainty by 
taking into account the formal evaluation of these matters conducted by the NHMRC 
Committee on Toxicity (See Letters from Dr Alan Black in Appendix B). After taking all of 
the above factors into consideration, the Working Group is not convinced that the weight of 
evidence available at the present time is sufficient to establish a link between fluoridation 
of the public water supply and an increased risk of cancer.  
 
 
7. Determination of margins of safety  
 
7.1 Introduction  
 
This section examines the sources of fluoride which are ingested by human beings and 
considers the options for, and consequences of, alterations to current intake levels. 
Initially, the distribution of naturally occurring fluoride in Australian water supplies is 
examined (Section 7.2). In Section 7.3 the sources of fluoride in food items and beverages 
are considered, including the contribution of infant foods and formulas. In Section 7.4. 
quantitative estimates are made of the contribution of foods, beverages (including drinking 
water) and discretionary fluoride sources (particularly toothpastes) to the total daily intake 
of two year olds and adults. The effects of alterations to the water fluoride concentration on 
total daily intake are also calculated. In Section 7.5 the potential options for modifying 
current intake levels of fluoride are assessed. Finally, in Section 7.6, a discussion of the 
desirability and optimal level of water fluoridation is presented.  
 
7.2 Naturally occurring fluoride in water supplies in Australia  
The latest available information (Commonwealth Department of Health, 1985a) on the 
occurrence of naturally occurring fluoride in water supplies above 0.5 ppm F in Australia is 
shown in Table 30.  



Thus, it is estimated that, in 1984, 66 per cent of Australians had access to fluoridated 
water supply while another one per cent had access to water supplies with naturally 
occurring concentrations of fluoride above 0.5 ppm.  
7.2.1 Drinking water quality in Australia  
The NHMRC and the Australian Water Resources Council have jointly recommended 
ranges for fluoride concentration in drinking water based on the annual average maximum 
daily air temperature (NHMRC and Australian Water Resources Council, 1987). These 
ranges are shown in Table 31 below.  

 

7.2.2 Variation in natural fluoride content of water  
The increasing availability and consumption of bottled water (including mineral water and 
spring water) is assuming importance in considering the current fluoridation situation in 
Australia. Such changes in consumption patterns need to be considered in terms of 
possible alterations in patterns of intake of other water sources such as the use of rain 
water from domestic tanks, or changes in the composition of mineral waters. However, it is 
only possible to speculate as to the extent of population change in these forms of water 
consumption.  



There has been continuing interest in correctly monitoring the fluoride content of water 
supplies for human consumption. Analysis of naturally occurring fluoride in water samples 
from a number of countries has demonstrated the large (up to ten-fold) variations which 
can occur under different seasonal and climatic conditions (Larsen et al, 1989). Hence, 
there is an ongoing requirement for the responsible water authority to monitor the fluoride 
content of a reticulated water supply, whether it is includes added fluoride or not.  
 
7.3 Dietary sources of fluoride including infant foods  
Fluoride from reticulated water constitutes only one source of the total dietary intake of 
humans. In Australia, the other predominant dietary sources of fluoride are those which 
occur either naturally in foods or as a consequence of the growth and manufacture of 
foods using fluoridated water. In other countries, fluoride has been added to different 
foods, most notably salt, which constitutes a major method of fluoridation in some 
European countries.  
 
The fluoride levels of representative food items in the Australian diet have been analyzed 
and described by the Market Basket Surveys (NHMRC, 1987, 1988, 1990) and the 
contributions of these dietary sources to total fluoride intake is considered in Section 7.4. 
Some foods, such as canned fish and meat, are known to contain high amounts of fluoride 
and many others, such as bread and fresh fish, contain fluoride in concentrations in the 
range 0.5-0.9 ppm. In some of these foods (for example, rice containing a median of 0.9 
ppm fluoride, and cabbage with a median of 0.8 ppm fluoride) much of the fluoride 
concentration in the prepared food is probably attributable to cooking in fluoridated water. 
Certain beverages, particularly tea, have high concentrations of fluoride, even when 
prepared using non-fluoridated water while others (for example, soft drinks and beer reflect 
the concentration of the water which was used in their preparation. Further variation in the 
concentration of fluoride in foods may exist due to the type of soil and climate in which 
they are grown, the presence of airborne fluoride, and the type of utensils used in the 
manufacture and preparation of food (Kumpulainen and Koivistoinen, 1977).  
 
Infant milk formulas and cereals are one category of food in which the fluoride content has 
received particular attention. Surveys of infant formulas prepared using fluoridated water 
(NHMRC, 1990) have demonstrated relatively high fluoride concentrations in the range 
0.4-1.9 ppm (median 1.1 ppm) for non-soya based products and 0.7-3.4 ppm (median 1.4 
ppm) for soya based products. Similarly, an earlier Market Basket Survey (NHMRC, 1987) 
reported a range from 2.1-3.1 ppm (median 2.6 ppm) in infant cereals and 0.9-2.5 ppm 
(median 1.6 ppm) in canned baby foods.  
 
More specific analyses have been conducted by Silva and Reynolds (1990). They 
examined fluoride concentrations of infant formulas prior to reconstitution using a micro-
diffusion method to obtain assays of three separate batches of each formula. Their 
findings are presented in Table 32. There was marked variation in the fluoride 
concentration of formulas, with two formulas exceeding 2 ppm. According to their 
calculations, some infant formula powders contribute as much fluoride to the re-constituted 
mixture as the fluoride content of water.  
 



 
 
These findings, and the evidence that the duration of infant formula usage is a risk factor 
for dental fluorosis (see Section 6.2). suggest a need to limit infants' ingestion of fluoride. 
This could be achieved by ensuring that the semi constituted formula does not unduly 
increase the concentration of reconstituted formula above that of fluoridated water (that is, 
1 ppm). Manufacturers should assume that infant formula will be reconstituted in 
fluoridated areas. It is therefore preferable for manufacturers to use non-fluoridated water 
in semi-constituted formula and to take other measures which may be necessary to reduce 
the concentration of fluoride in manufactured infant formulas. The public could then treat it 
as equivalent to breast milk or cow's milk (i.e. negligible fluoride content).  
 
7.4 Contribution of fluoride sources to total intake 
Early estimations of contributions to total fluoride intake in adults and children focused on 
typical diets in both fluoridated and non-fluoridated areas where estimates of the 
contribution due to fluoridated water varied between one third and one half. More recently, 
information from "market basket surveys", which analyze the constituents of representative 
samples of food items, has become available to provide more precise and representative 
calculations of fluoride intake based on average estimates of both fluoride concentration of 
food items and daily intake of food items. An alternative source of information is derived 
from specific surveys which have collected information from individuals concerning their 
dietary behaviors and, in some instances, the fluoride content of typical meals has been 
quantitatively analyzed. However, in addition to the dietary sources of fluoride, it is 
necessary also to account for other forms of ingested fluoride, particularly toothpastes, 
within the current Australian setting.  
 
In calculating the contribution of fluoride sources to total intake in humans, the Working 
Group drew on various estimates of average population food intakes (including 
beverages), average fluoride concentrations in food items, and published evidence 
concerning the ingestion of toothpaste. This information was used to 98 construct 
estimates of the amount of ingested fluoride which can be attributed to drinking water, 
dietary sources other than drinking water, and toothpastes. These estimates were then 



compared with reports which have quantitatively analyzed the typical diets of individuals. 
 
Estimates of the fluoride content of typical diets were taken from Ophaug et al (1978), 
Ophaug et al (1980) and Singer et al (1980) who conducted quantitative analyses of 
representative foods from Market Basket Surveys in the United States. Representative 
diets of adults and children were assessed. Six assumptions were made in extrapolating 
these findings to the Australian setting. 
 
i)  Foods in Group I to XI of the US Market Basket Survey include all solid foods and 
 the reported range of fluoride (in milligrams) in these items was used for the natural 
 content in 
 solid foods. 
 
ii)  An additional source of fluoride which was added to foods was a proportion of that 
 which occurs in tea. Quantitative data from an Australian Market Basket Survey 
 (NHMRC, 1988) were used and one half of the total fluoride concentration in tea 
 infusions (average, 1.1 ppm) was assumed to be derived from tea leaves, and 
 hence was included in the total fluoride intake from foods. (The remaining half was 
 assumed to be derived from fluoridated water, and was added to the amount of 
 fluoride derived from water -see iv below). Estimated tea consumption among 
 Australian adults was based on a report by Baghurst et al (1987). 
 
iii)  Next, it was necessary to account for water used in the preparation and cooking of 
 foods. An assumption which had been used previously (WHO, 1970) was that 
 between 10 and 20 per cent of the total fluoride in solid foods is added during 
 preparation and cooking. In this calculation, the midpoint (15 per cent) was used. 
 
iv)  The other half of the contribution from tea was added to the fluoride attributed to 
 water and beverages. 
 
v)  With the exception of milk (which has negligible fluoride concentration), other dairy 
 drinks and tea (as noted), all beverages, were assumed to have the same 
 concentration of fluoride as the reticulated water supply. Although this may 
 represent a slight over-estimate, it is a reasonable approximation in view of the 
 arguments (for example, Leverett, 1982) that the critical mass of fluoride available 
 o the community is becoming more widespread.  
 
vi)  The final source included in the calculation was fluoride inadvertently ingested 
 during toothbrushing. Barnhart et al (1974) provide a review of the evidence 
 indicating marked differences among ages in the amount. of fluoride , ingested after 
 brushing with a fluoridated tooth Other estimates are f available from the World 
 Health Organization (WHO, 1970) which provide a slightly greater range 
 (particularly among adults) of quantities ingested. For these calculations it was 
 assumed that persons brush twice per day. 
 
Other potential discretionary sources of fluoride were not judged to contribute substantially 
to total average intake. Fluoride supplements are not recommended (and very seldom 
used) in fluoridated areas. Fluoridated mouthrinse and professional applications are used 
infrequently by a small percentage of the population.  
 
Using these sources, separate calculations of fluoride were made for young children (2 
years old) and adults. Two year old children were selected on the grounds that they 



probably have the maximum intake of fluoride per kilogram of body weight due to their high 
rates of toothpaste ingestion and their low body weight. Adults were selected to provide an 
indication of the more stable, long-term exposure to fluoride from all sources. In addition to 
considering the total intake, the percentage contribution from three separate sources was 
calculated.  
 
The contribution from foods was assessed from sources i and ii (described above), while 
water was assumed to contribute directly and indirectly using sources iii, iv and v. The third 
source was due to toothpastes. The total contribution of fluoride in drinking water can be 
depicted in the following diagram.  

The estimated total intake of fluorides for two year old children and adults living in a 
fluoridated (1 ppm) area is presented in Tale 33. There is a median of 28 per cent of total 
intake attributable to drinking water in young children, while in adults the figure is 56 per 
cent. However, it should be noted that considerable variation is to be expected, as 
indicated in the upper and lower limits of the estimates.  
 

 



The assumptions used in these calculations can be compared with recent findings from 
New Zealand (Chowdhury et al, 1989) where the fluoride intakes of infants were analyzed. 
Among New Zealand infants aged 11-13 months, the contribution to total daily intake was: 
0.04 -0.31 mg due to food; 0.05 -0.24 due to fluoridated water; and 0.0 -0.75 due to 
toothpaste. This provided a total daily intake of 0.09 to 1.3 mg. The current estimates for 2 
year olds fall within these ranges. In the United States, Pendrys and Stamm (1990) have 
estimated total fluoride intakes for 2 year olds. They estimated the mean contributions to 
be: 0.6 mg from drinking water and other foods; 0.3 mg from ingested toothpaste; giving a 
total intake of 0.9 mg which is slightly lower than the current estimate.  
 
7.5 Options for modulating fluoride intake  
In order to develop recommendations concerning any alterations to the concentration of 
fluoride in drinking water, it is necessary to consider not only the evidence concerning 
effectiveness and safety of fluoride vehicles, but also the mechanisms by which intake can 
feasibly be manipulated. This section considers those mechanisms before addressing the 
questions concerning the desirability and optimal level of water fluoridation in Section 7.6.  
A change to the concentration of fluoride in drinking water will clearly alter total intake of 
fluorides, and this can be quantified based on the information presented in Section 7.4. In 
all cases of discretionary fluoride vehicles that is, sources other than drinking water or food 
- there is a requirement for compliance with a recommended preventive health behaviour, 
and consequently the estimation of changes which could be achieved in total intake 
become speculative. However, several qualitative comments can be made about the 
consequences of alterations in the intake of those sources.  
 

7.5.1 Effects of a reduction in water fluoride concentration on total fluoride 
ingestion  

The information and methods from Section 7.4 can be used to estimate the likely changes 
in total fluoride ingestion which would accompany a reduction in water fluoride 
concentration from 1.0 ppm to 0.5 ppm (selected for illustrative purposes). The 
calculations are included in the Table 34 and indicate a 14 per cent reduction in the total 
intake of two year olds and a 28 per cent reduction in adults. These effects are also 
displayed in the bar chart (Section 7.4 Figure 8) 

 



7.5.2 Effects of changes in exposure to other fluoride-containing toothpaste  
 
It is clear from the estimates contained in Table 33 that ingestion of fluoride-containing 
toothpaste contributes an important amount to total fluoride ingestion. Hence it is difficult to 
precisely estimate the consequences of recommendations to alter personal toothbrushing 
behaviours. However, based on Table 33, a halving of the concentration of fluoride in 
toothpastes would reduce the median total daily intake by 26 per cent in 2 year olds and 
by three per cent in adults.  
 
7.5.3 Effects of changes in exposure to other fluoride vehicles  
Fluoride tablets and drops, recommended for use under NHMRC guidelines 
(Commonwealth Department of Health, 1985b), are used at some time by less than 45 per 
cent of children living in non-fluoridated areas and regularly by less than 25 per cent. A 
strong positive socio-economic gradient exists both in use at some time and in regular use 
among children (Seow, Humphreys and Powell, 1987 - see also Section 5.4.4). 
Accordingly, alterations to the recommended schedule for tablets and drops can be 
expected to have varying consequences for total intake at the population level. The most 
appropriate strategy would appear to be one aimed at achieving compliance with 
recommended levels.  
 
Fluoride mouthrinses, are little used in Australia. At one time actively promoted in the USA 
in school-based programmes, fluoride mouthrinse programmes have questionable cost-
effectiveness. Compliance in situations outside the school class or other identifiable 
groups might be expected to be low and to show strong socioeconomic gradients.  
Several forms of fluoride can be professionally applied by dentists, dental therapists or 
dental hygienists. At the population level, exposure to professional applications is low. 
Consequently, recommendations to alter the utilization of professional applications are 
rely, to create inconsequential changes to population exposure. Rather, it would be most 
appropriate to ensure that the optimal regime of professional applications is adhered to, 
and that particular attention be paid to the restriction of fluoride ingestion from professional 
applications among young children.  
 
7.6 Rationale and strategies for maintaining an acceptable margin of safety  
There are two entirely distinct reasons why, in principle, a reduction in exposure to fluoride 
vehicles might be contemplated. The first reason refers to the possibility that the intake of 
fluoride from all sources is excessive, either on average or for a minority of high-
consuming or high-susceptibility individuals. The second reason refers to the notion that, 
notwithstanding any demonstrated dental public health benefit, the addition of fluoride to 
the drinking water supply is a form of imposed, involuntary, exposure that infringes civil 
liberties.  
 
7.6.1 Consideration of the possibility that the total intake of fluoride is excessive  
Consideration of the first criterion requires knowledge of the dose levels at which any toxic 
effects of fluoride occur, knowledge of the mean level and range of individual fluoride 
doses within the community, and public and professional judgements about the acceptable 
safety margin between those two levels. It also requires knowledge of the population sub-
groups at highest risk of any such toxic effect, and of the major sources of fluoride 
contributing to the total fluoride intake in those sub-groups. Finally, estimates are required 
of the likely pattern of reduction of total fluoride intake that would flow from a decision to 
reduce fluoride in one or more vehicles, and the effect that this would have on the 
incidence of dental caries. Application of those items of knowledge, estimation and 
judgement would allow decision as to whether and how fluoride intake should be lowered.  



Historically, the "optimal" level of water fluoridation of approximately 1 ppm (0.7 -1.2 ppm 
in Australia, differing according to climatic variation) has been chosen to optimise the 
balance (or trade-off) between a reduction in dental caries and an increase in the 
frequency of (predominantly mild) dental fluorosis. A greater prevalence and severity of 
dental fluorosis is not only the first sign of toxicity, but has the advantage of being readily 
diagnosed, and compared both over time and between groups. Hence, a substantiated 
increase in dental fluorosis would be sufficient grounds for concern over total fluoride 
intake and would suggest the need for altering the current pattern of exposure to fluoride 
vehicles.  
 
Since the increased frequency of fluorosis in recent decades appears to be largely 
attributable to the increased ingestion of fluoride from discretionary sources (particularly 
fluoride tablets or drops, and fluoridated toothpaste in young children -see Section 6.2), 
and since there is no other evidence of toxic effects within or near the range of fluoride 
intake associated with fluoride concentrations in drinking water of 1 ppm, there is no 
current empirical basis for reducing the concentration of fluoride in drinking water.  
 
However, it might be argued that the recent equivocal animal experimental evidence of 
bone cancer at high fluoride doses, in one of two studies reported, raises a new potential 
public health concern. In that case, an argument might be mounted that it would be a 
prudent decision, pending future resolution of this matter in human populations, to reduce 
long-term exposure to fluoride. Such a decision would necessarily entail a trade-off 
between a certain (although not readily quantifiable) increase in dental caries and the 
possibility of ensuring at least a comfortable safety margin, or even of achieving a marginal 
reduction in actual risk, in relation to bone cancer.  
 
The public health policy question would then centre on the fluoride vehicle(s) to target in 
order to reduce total fluoride intake. A decision on which vehicle to target must reflect:  
 
1. Available information on the possible contribution of the vehicle to fluoride intake 
 and dental fluorosis.  
 
2. The safety in the use and misuse of different fluoride vehicles.  
 
3.  The degree of regulation required to ensure a reduction in fluoride intake and its 
 subsequent maintenance at that level.  
 
4.  The criteria of cost effectiveness and population coverage of the fluoride vehicles 
 under consideration (as reviewed in preceding sections).  
 
The first three areas are considered in further detail below. In addition, an estimation of the 
probable effects on dental caries of a reduction in water fluoridation is also made.  
 
7.6.1.1 Information on the possible contribution of fluoride vehicles to fluoride 
intake and dental fluorosis  
 
Sections 7.4 and 6.2 have considered the contributions of fluoride vehicles to total intake 
and dental fluorosis. To summarize those sections, it is apparent that total fluoride intake is 
influenced to a different extent by fluoridated (1 ppm) water and toothpastes at different 
ages. Among two year olds, fluoridated water contributes 28 per cent to total intake and 
toothpaste contributes 53 per cent, while for adults the figures are 56 per cent and 7 per 
cent respectively. Furthermore, the intake of 105 fluorides (expressed as mg/kg body 



weight) is higher than that for adults. When the risk factors for dental fluorosis are 
examined, it appears that early exposure to high levels of discretionary fluoride vehicles 
(such as toothpastes, tablets or drops) and dietary sources (specifically, infant milk 
formulas) represent a clear risk for the development of dental fluorosis. While fluoridated 
areas have slightly higher levels of fluorosis as compared with non-fluoridated areas, the 
consumption of fluoridated water does not appear to be the most important risk factor in 
the development of dental fluorosis.  
 
From the known intake levels and associations with fluorosis, toothpaste containing 
fluoride and fluoride tablets/drops might be appropriate targets for a policy to reduce 
fluoride intake. As regimens for supplementation have already been dramatically altered in 
the early 1980s, toothpaste (and its use) should be closely examined.  
 
7.6.1.2 The safety in the use and misuse of different fluoride vehicles.  
Each fluoride vehicle has different characteristics that influence the safety surrounding its 
use and mis-use. Reaching an acute toxic dose of fluoride is a more probable event with 
mis-use of high concentration vehicles. Hence, topical fluoride vehicles used in dental 
surgeries range between 12,300 and 200,000 ppm, but are used under strict guidelines. 
Fluoride supplements (tablets contain 1 mg of fluoride) are issued in small quantities in 
child-proof containers. Ingestion of multiple tablets is possible and is reported (Monsieur et 
at, 1984). Toothpaste contains 1,000 ppm and is generally sold as 150-250 gm tubes. 
There is no childproof toothpaste tube or pump.  
 
The extremely low concentration of fluoride in drinking water is a safety advantage that 
water fluoridation holds over the higher concentration vehicles. Toothpaste containing 
fluoride would appear to have the least physical barriers to misuse, but reportedly the 
contents (fillers, emulsifiers, etc) induce vomiting if large amounts are ingested.  
Recent dental literature has promoted improved guidelines for the use of fluoride 
toothpastes among children. This has included reduced fluoride concentration in a 
children's toothpaste and practical suggestions for the amount of toothpaste used, 
avoidance of swallowing. and more intense supervision by parents.  
 
A survey of fluoride tablets and drops in Western Australia (Riordan, 1989a) revealed that 
compliance with the printed directions for use would result in fluoride intakes at levels 
greater than NHMRC guidelines (NHMRC, 1985). He called for conformity with the 
NHMRC guidelines concerning intake of fluoride tablets and drops and for the monitoring 
of printed directions. He also noted the possible contribution of fluoride tablets and drops 
to fluorosis and, in a separate submission to NHMRC, called for a revision of the 
recommended schedule among infants and children in view of the evidence concerning 
risk factors for dental fluorosis (Riordan, 1989b).  
 
7.6.1.3 The level of regulation available to ensure a reduction in fluoride intake  
The variety of fluoride vehicles are regulated under different legislation and the degree of 
regulation varies greatly. Water fluoridation is highly regulated and monitored. 
Supplements can be purchased directly over the counter. Many of the professionally 
applied fluorides can also be purchased directly over the counter. The existing regulations 
covering these vehicles may therefore need to be examined. Similarly, toothpastes are 
classified as cosmetics for the purposes of sales regulation. An Australian Standard 
number 2827 (Standards Association of Australia, 1985) specifies, amongst other 
requirements, that the fluoride  
 
These variations among the regulations surrounding different fluoride vehicles leads to:  



1. Differences in the extent to which the use of any one vehicle can be altered.  
2. Differences in the degree to which the appropriate availability of one vehicle can be 
 assured for the future.  
 
It may be important to recognize that water fluoridation might be the most straightforward 
vehicle to target if reduced fluoride intake is desired, but that the remaining vehicles are 
less controlled from a public health policy perspective. Their use reflects preferences in the 
market place. Conversely, it must also be recognized that the current low levels of control 
of vehicles such as toothpaste containing fluoride could lead to a situation where desired 
reductions in fluoride intake are hard to achieve if manufacturers and marketers of these 
products are unwilling to alter their current practices.  
 
7.6.1.4 Effects of a reduction in water fluoride concentration on dental caries  
It is important to recognize that the effect of a reduction in water fluoride concentration is 
likely to have separate effects on total ingestion (described in Section 7.5.1) and efficacy 
as a caries preventive agent. This arises particularly in view of the post-eruptive effects of 
fluoride which are influenced by the fluoride concentration of the oral environment (see 
Section 4.1.2). Fluoride in water and toothpastes are likely to be much more important for 
the maintenance of the oral environment, whereas dietary forms of fluoride which are 
ingested are likely to be less significant.  
The original work quantifying the relationship between DMFT and fluoride by Galagan and 
Vermillion (1957, Dean et al (1941) and Dean et al (1942) has been updated by Eklund 
and Striffler (1980). These data all relate to "historical" caries information, and describe the 
relationship as: 
    DMFT = 1.64 + 1.40/(ppm F)  
This relationship is indicated in Figure 9.  

 
 



Based on this formula, a reduction from 1.0 ppm to 0.5 ppm would create an increase from 
3.04 to 4.44 DMFT (46 per cent) among 12 year olds if we experienced the 1940s levels of 
caries. However it is necessary to estimate the likely range of effects which could be 
anticipated in contemporary Australian populations. The most generous assumption would 
be that the curve has maintained its shape indicating that water fluoridation is equally as 
effective in an era of reduced caries experience. There is some support for this notion from 
Backer Dirks (1974) who examined the relationship between dental caries and water 
fluoride concentration among communities with marked differences in caries experience. 
He found quite consistent patterns in the shape of the curve, although data from the 
communities were obtained during the 1960s or earlier.  
 
A more reasonable proposition would be that the effect of a reduction in water fluoride 
concentration would be partly offset by the availability of other fluoride vehicles. Hence the 
curve would be flattened to some extent. This would suggest that the increase in caries 
would be smaller than 46 per cent. Support for this assumption is derived from studies of 
defluoridation (see Section 3.5). Some of those more recent studies indicate increases of 
approximately 40-80 per cent in 5 year old dmft prevalence after five years of total 
defluoridation. Smaller increases (of 20 per cent or less) were observed at other locations, 
although shorter follow-up periods were used, and consequently those studies may have 
underestimated the long-term effect.  
 
It is also relevant to consider the probable consequences of a reduction in fluoride 
concentration from 1.0 to 0.5 ppm -a reduction used previously for illustrative purposes. 
Clearly the consequences of halving the fluoride concentration would be smaller than the 
range of 20-80 per cent observed for total defluoridation. Despite the limitations inherent in 
the available sources of information, it is possible to deduce that a reduction in fluoride 
concentration from 1.0 ppm to 0.5 ppm in drinking water would inevitably result in an 
increase in the occurrence of dental caries. The best estimate of the magnitude of that 
increase is 10-15 per cent in the short to medium term (that is, within five to ten years). 
This estimate is based on the interpolation of data from defluoridation studies, and, further, 
assumes that the historically documented curvilinear relationship between natural water 
fluoride concentration and dental caries rates is applicable in the contemporary Australian 
setting. However, the Working Group is aware of the constraints of adopting this approach 
-most notably the lack of direct data on the change in caries rates consequent upon 
changes in water fluoride concentration in the range 1.0-0.5 ppm. Therefore it is 
acknowledged that the actual change could range from a very small figure to - in the case 
of certain groups that have a higher caries rate, including older adults -a substantially 
higher figure.  
 
7.6.1.5 Is there a need to alter current patterns of exposure to fluoride vehicles in 
Australia?  
 
Based on the Working Groups best estimates, the effects of a reduction in the fluoride 
concentration of drinking water )4 from 1.0 ppm to 0.5 ppm would cause an estimated 10-
15 per cent reduction in the average total intake of fluoride in Australian children and a 25-
30 per cent reduction in adults. (In those individual children with much higher ingestion of 
fluoride, from discretionary sources, a halving of the fluoride concentration in drinking 
water would have a much smaller proportional effect on total intake.)From the curvilinear 
relationship described in Figure 9, (and allowing for the subsequent addition of 
discretionary sources of fluoride), and from the documented experience of communities 
undergoing defluoridation (Section 3.5), it is estimated that such a reduction in the fluoride 
concentration of drinking water could cause a 10-15 per cent increase in dental caries in 



permanent teeth in children. Furthermore, based on the estimated contemporary benefits 
of water fluoridation, (see Section 5.3.2) a similar, or greater, increase in caries would be 
expected in adults and in the primary teeth of children.  
 
From those above-mentioned estimates of reduction in total fluoride intake, it can be 
inferred that halving the fluoride concentration in drinking water would lead to an 
approximately 20 per cent reduction in lifetime exposure to fluoride. This might be 
expected to be accompanied by a commensurate reduction in the deposition of fluoride in 
teeth and in bones. If there were an association between fluoride intake and risk of bone 
tumours in humans, and if there were no critical threshold dose (i.e. if a no.-threshold 
dose-response relationship existed) then any such reduction in deposition might be 
expected to reduce the risk of bone cancer.  
 
However, there is no evidence that fluoride exposure increases the risk of any type of 
cancer in humans. This includes a lack of evidence of increased rates None cancer in 
communities undergoing water fluoridation in recent decades, or in communities with 
lifelong exposure to naturally-occurring fluoride concentrations greater than 1 ppm. 
Therefore, this latter trade-off (i.e. an increase in dental caries versus a possible reduction 
in cancer risk) cannot be justified on the basis of the available evidence.  
 
The one empirically-demonstrated problem is in relation to increased risk of dental 
fluorosis in those young children with high total ingestion of fluoride. A reduction in their 
total ingestion of fluoride could be best achieved by one or more of: reduced swallowing of 
toothpaste; reduced concentrations of fluoride in toothpaste and infant formula; and by 
reduced ingestion of tablets, drops or mouthrinse. With the exception of a reduction in the 
concentration of fluoride in toothpaste, none of these changes would be likely to reduce 
the immediate direct protective effect of fluoride. The effect of a reduction in the fluoride 
concentration of toothpaste upon dental caries incidence is uncertain; the results of 
controlled trials have been inconsistent (see Section 4.3.1.3).  
 
Thus, there is need for control of fluoride exposure from these sources particularly 
toothpaste and infant formulas -in order to avoid excessive exposures in a minority of 
young children. Such control is achievable by a combination of setting limits on the fluoride 
content of commodities, making toothpaste less attractive to swallow, and public and 
professional education.  
 
In relation to the dental health of the community at large, considerations of effectiveness, 
cost-effectiveness and population coverage all continue to favour water fluoridation as the 
preferred primary source of supplementary fluoride.  
While, on the available evidence, there is no justification for lowering the fluoride 
concentration in drinking water, public health prudence requires that this option be kept in 
mind in the course of future public health surveillance and evaluation. Avoidance of 
excessive individual exposure among young children is best approached by controlling the 
intake of discretionary fluoride. On the other hand, if there were a problem of excessive 
community exposure via lifetime accumulation of fluoride in bone, that would be best 
approached by reducing the fluoride concentration in drinking water.  
 
7.6.2 Consideration of the notion that fluoridation of drinking water, as an 
involuntary exposure.. infringes civil liberties  
 
This second criterion is necessarily absolutist. The infringement of civil liberties is a 
principle that would normally be addressed in non-quantitative terms: either fluoride is 



added or it is not added to drinking water. If a majority of the community does not wish to 
have fluoride added to its drinking water, irrespective of any health benefits (or, indeed, 
adverse effects) that result from such addition, then that is a decision that the community 
and its elected representatives must make.  
 
Public health scientists can evaluate the scientific evidence pertaining to health benefits 
and health risks. They can assess the relative effectiveness and the cost effectiveness of 
different approaches. They can assess data on the distribution of exposures and health 
consequences within the community. They can advise on the usual approach to the 
balancing of risks and benefits, and to the accommodation of margins of safety.  
However, public health scientists should not take, nor be expected to take, a primary 
responsibility for the decision as to what is morally, ethically and politically acceptable to a 
community. They have no particular expertise or authority in this regard beyond that of 
other members of the community.  
 
The Working Group was set up to review the available public health research and scientific 
evidence -that is, essentially to evaluate the effectiveness of water fluoridation in the 
prevention of dental caries, and to consider the future research and evaluation needs in 
Australia. Therefore, it is not appropriate for the Working Group to include in its evaluation 
and recommendations an explicit consideration of this quite separate question.  
 
8. Future monitoring and research in Australia  
 
8.1 Introduction 
 
It has been a surprise to members of the Working Group to discover that, on the one hand, 
Australian and New Zealand critics of fluoridation have been at the forefront of the 
international debate on this public health measure while, on the other hand, the pro-
fluoridation argument has relied extensively on overseas studies and data. Australia has, 
more than most countries, invested heavily in fluoridation as a public health measure (and 
this has achieved beneficial results), but it has contributed less to the fundamental body of 
knowledge which is, and will continue to be, essential if water fluoridation is to continue as 
a national and regional preventive strategy.  
 
The issue is dynamic. Dental health is changing, and has changed profoundly since the 
early US studies on which the Australian policy of water fluoridation was based. It is the 
opinion of the Working Group that water fluoridation has contributed to our improved 
national dental health status, but it is not possible to ignore the fact that some two thirds of 
the population is provided with fluoride in addition to that which occurs naturally. 
Furthermore, fluoride can be deposited and removed from the skeleton over the whole of 
life, and water fluoridation policies have been in force only for 25 years or less in most of 
the municipalities which have adopted recommendations of the NHMRC (Commonwealth 
Department of Health, 1985b).  
 
It is a matter for concern that the Working Group cannot point to a single ongoing 
Australian stud which monitors adequately the impact and possible adverse consequences 
of this policy, and that in its pursuit of the terms of reference, the Working Group has had 
to rely on: indirect analyses of very inadequate datasets, collected not for the monitoring of 
this policy but for other purposes; a limited number of Australian studies; and upon 
overseas investigations of these matters. The Working Group's recommendations and 
conclusions are the consequence of its attempts to arrive at the best possible assessment 
of the likely risks and benefits of continuing fluoridation at the present level, or of adopting 



alternative policies. Those recommendations and conclusions must be qualified by 
emphasising the current dearth of an adequate evaluative Australian database.  
The fact that substantial (but possibly lesser) improvements in dental public health are 
being achieved in other countries through the application of discretionary fluorides, and 
without the necessity for mass supplementation through water supplies, makes it 
particularly important that the NHMRC establish an effective monitoring and research 
programme in relation to its water fluoridation policy. This programme must extend beyond 
the dental public health domain, and should include a consideration of the broad impact of 
fluoride supplementation on human health and ecology. The opportunity offered by the 
differential timing and variable use of water fluoridation in different Australian cities should 
be used to design studies which will inform the debate not only here but overseas.  
 
Accordingly, the Working Group proposes to the NHMRC that it should take immediate 
steps to rectify this. serious deficiency, and that it should take the lead in commissioning or 
inviting expressions of interest to study the following aspects  
of the question.  
 
8.2 Continuing ascertainment of effectiveness of water fluoridation in the prevention 
of caries in all population groups  
Water fluoridation is an important public health policy area. Dental caries is not life-
threatening. However, its prevalence and its repetitive nature leads to a significant burden 
on the community. Dental decay, as commonplace as it may be within a community, is a 
major source of pain, discomfort and disruption to daily activities. Fluorides are the 
cornerstone of the prevention of dental caries and water fluoridation is the most readily 
adjustable measure at a community level. As an important preventive measure, water 
fluoridation warrants considerably more attention in public health research.  
Now that fluoridation has been available to a majority of Australians for more than 25 
years, the opportunity exists to survey the effectiveness of fluoridation to young adulthood, 
and to use age-period-cohort studies to compare their caries experience with that of older 
adults. Indeed, as the proportion of older adults increases in our community, such 
research will become critical to the planning of appropriate oral health services for that 
segment of the population.  
 
The Australian dental community has shown a tendency to rely on the international 
research community for the answers to questions on water fluoridation. Comparison and 
analogy are not always possible due to differences in disease levels, risk behaviour, 
personal preventive measures, and the organisation and delivery of dental services. 
Research is required within the Australian environment. Further, Australia should make a 
contribution to the international research literature on water fluoridation because of its 
heavy reliance on this community measure for the prevention of dental caries.  
 
It needs to be recognised, however, that researchers in the dental public health field are 
few in number and the general public health research community has shown little interest. 
There is a need to:  
 
1.  stimulate an interest and develop expertise in research in dental public health, 
 particularly oral epidemiology; and 
 
2. develop collaborative links between researchers in dental public health and 
 public health researchers in epidemiology, biostatistics, toxicology, health
 economic and public health policy. 
 



 
Immediate gains might be made through collaborative links between organizations already 
active in public health research and monitoring such as the Australian Institute of Health's 
Dental Statistics and Research Unit and the National Centre for Epidemiology and 
Population Health.  
 
Proposals to study this matter in a prospective fashion should be developed by a 
multidisciplinary group which includes statisticians, epidemiologists and specialists in 
public health dentistry. The study design should incorporate features which will permit 
comparisons between those who have lived all their lives in fluoridated areas and those 
who have lived all their lives in non-fluoridated areas. Analysis of the effects of migration 
and the importation to non-fluoridated areas of food and beverages containing fluoride 
should be possible. The extent of use of fluoride supplements in non-fluoridated areas of 
Australia should be carefully ascertained, as should the extent of use of fluoride filters and 
bottled water in fluoridated areas.  
 
As noted in Section 3.4, there is need to extend dental epidemiological studies of the 
effects of fluoride into adult age groups. Improved procedures for collection of information 
about fluoride exposure and potential confounding influences (such as socioeconomic 
status) should also be developed. There is an additional need to enhance the statistical 
evaluation of epidemiological studies which examine the role of fluorides.  
 
If water fluoridation policies change in one or more areas of Australia, the dental effects of 
the changes should be monitored both from the perspective of the primary and secondary 
dentition and in all age groups. Studies should be undertaken to compare the costs of 
dental treatment to the community in those individuals who have always drunk fluoridated 
water and in those who have not, and efforts should be made to monitor the use and 
ingestion of fluoridated toothpastes and mouthwashes in study individuals. These studies 
should be carefully designed and implemented in ways which, as far as possible, control 
for observer bias.  
 
8.3 Total fluoride intake and public health  
There are no Australian reports which permits the Working Group to precisely estimate, 
with confidence, the current intake of fluoride which various aged individuals are ingesting, 
nor the differential amount of fluoride which is being stored in Australian skeletons, in 
fluoridated and unfluoridated areas. Australia is reliant on overseas studies for assumption 
that these amounts are likely to be small enough to present no risk to long term health.  
 
The evidence arising from the NTP studies which have led the NHMRC Committee on 
Toxicity to classify fluoride as an "equivocal" carcinogen in high dosage in rats makes it 
imperative that public health recommendations in the future be based on accurate 
knowledge of the total fluoride intake of Australians. Accordingly, the Working Group 
believes that proposals to monitor this load should be developed for various indicator 
populations within Australia and that these studies should take account of the range of 
deliberative and involuntary intakes which are occurring in both normal and susceptible 
individuals, in both fluoridated and unfluoridated areas. The proposals should be 
developed by a multidisciplinary group comprising epidemiologists, toxicologists and 
statisticians, and the research should be coordinated by the new NHMRC Environmental 
Toxicology Research Unit.  
 
8.4 Monitoring for toxicity  



The working group was provided with a series of unpublished studies on the Tamworth 
population in NSW which suggest that dental fluorosis has not increased in the children of 
that region over the period since water fluoridation began. More studies of this kind are 
needed, both in populations which are drinking fluoridated water and in those which make 
extensive use of fluoride tablets or drops for caries prevention.  
Dental fluorosis is a sensitive indicator of storage of fluoride in teeth during the 
developmental stages of tooth formation, but does not indicate the amount of fluoride 
which is being incorporated into bone throughout adult life. The Working Group has no 
evidence that this latter amount is rising to troublesome levels, but neither has the issue 
been studied in any systematic way . If skeletal fluorosis is occurring at all in Australians, it 
is likely to be slight, and will most likely occur in those who drink large amounts of 
fluoridated water, or whose renal function is impaired. Studies of bone fluoride collected at 
autopsy in selected individuals could provide needed reassurance that the current policy is 
not resulting in hazardous levels of bone accumulation.  
 
The Working Group remains unconvinced by very limited published reports in the overseas 
literature, and sporadic claims by Australian individuals, of a significant problem with 
allergy or hypersensitivity to fluoride in the water supply. It is desirable to lore in a rigorous 
fashion whether the vague constellation of symptoms which are claimed to result from 
ingestion of fluoridated water can be shown to be reproducibly developed in these 
"susceptible" individuals. These claims are being made with sufficient frequency to justify 
well-designed studies which can properly control for subject and observer bias.  
 
Community concerns at the possibility that fluoride might, in certain circumstances, act as 
a carcinogen have surfaced repeatedly and have been heightened by the "equivocal" 
findings in the NTP rodent studies discussed elsewhere in this report. Fluoride intake of 
some degree is universal, and discretionary intakes of added fluoride are very widespread 
in the Australian population. During the conduct of any future epidemiologic studies, it will 
be very difficult to determine the levels of fluoride to which cancer sufferers and selected 
controls have been exposed, but systematic efforts to determine this are highly desirable.  
 
These issues also deserve the attention of a multidisciplinary group, backed by sufficient 
funds to initiate rigorous studies which can contribute information to the international 
knowledge base on these matters.  
 
8.5 Costs and benefits of different approaches to caries protection  
As indicated elsewhere in this report, economic analysis of public health decisions is a 
changing discipline. Also, new ingredients have entered the fluoridation debate and 
demand incorporation into the newly developing economic models which lead to more 
informed public health decisions. Accordingly, the Working Group considers that support 
should be provided to permit improved economic modeling of the alternatives available for 
caries control. Specifically:  
•  The issue needs to be re-addressed in the light of current evidence concerning the 
 effectiveness of water fluoridation. In weighing up costs versus benefits, the cost  
 components include: the direct costs of the fluoridation program (chemical, capital, 
 operational, etc.); costs of treating the adverse side-effects associated with 
 fluoridation (e.g. possible dental fluorosis); savings in health care costs due to 
 prevention or alleviation of caries; the cost of treating diseases that occurred as a 
 result of the fluoridation program (e.g. periodontal disease around teeth that would 
 have been extracted had it not been for fluoridation). Future economic analyses 
 should incorporate not only the value associated with dental care but also additional 
 value placed on disease-free teeth.  



•  The final judgement about the value of a fluoridation program cannot be made 
 exclusively in economic terms. However, a comprehensive review  
 
of the economic consequences of maintaining fluoridation is required and the Working 
Group believes that an updated approach using more conservative assumptions about the 
level of protection which water fluoridation now provides, should be attempted, as an 
adjunct to decision-making on this matter.  
 
9. Conclusions and recommendations  
 
9.1 Historical background and general summary  
 
The naturally-occurring concentration of fluoride in drinking water in Australia (and 
elsewhere) is typically within the range 0.1 to 0.4 parts per million (ppm). A few 
communities have higher natural concentrations, even up to several ppm.  
 
Early studies (both ecological and controlled trials) indicated a consistent and substantial 
reduction in dental caries in children in communities with either high natural levels, or 
artificially raised levels, of fluoride in water. Although less research was done in adults, 
significant benefit to their dental health was also apparent. A concentration of fluoride in 
water of 1 ppm was deemed to achieve an "optimal" balance between the reduction of 
dental caries and the minimal occurrence of dental fluorosis (dental mottling, of generally 
low visibility).  
 
Consequently, since the 1950s, fluoride has been added to the community's drinking water 
supply in a number of countries. In Australia, fluoride is currently added to the water of 
most large urban populations. to achieve a concentration of approximately 1 ppm. Water 
fluoridation was introduced to capital cities, with the exception of Brisbane, during the 
period 19611978.  
 
Because of the evidence of dental health benefit from the consumption of drinking water 
containing fluoride, during the 1960s and 1970s supplementary fluoride became available 
via other discretionary sources -toothpaste, topical applications, tablets and drops.  
 
There have been two long-standing public concerns over the addition of fluoride to drinking 
water. One concern is that fluoride at raised levels of intake may have adverse effects 
upon health. The other is that water fluoridation encroaches upon civil liberties, since it 
entails an involuntary exposure. The first concern can be addressed by examination of the 
available scientific evidence. As reviewed in detail in this report, there is no evidence of 
adverse effects upon health attributable to consumption of water fluoridated at 1 ppm. The 
second concern is a political-ethical issue, and must be resolved by public discussion.  
 
Because of these concerns, between the early 1960s and early 1980s some communities 
discontinued the fluoridation of water. In all formal studies of those communities there 
were increases in caries (whether primary or permanent dentition) associated with 
reduction in water fluoride exposure. These increases, generally within the range 20-80 
per cent, were larger and more consistent after five or more years post-defluoridation. In 
several instances, the increase in caries was observed even during a time period when 
there was a clear reduction in caries experience in the comparison (i.e. control) community 
not undergoing defluoridation. (Because of the limited duration of follow-up in these 
studies, it is not known whether this increase would have become larger with longer 
exposure to unfluoridated water.)  



 
Recent studies have indicated that the magnitude of the reduction in dental caries 
attributable to water fluoridation, in the presence of other sources of fluoride, is 
considerably smaller (both in absolute and proportional terms) than was the case when 
water fluoridation was first introduced. Nevertheless, it is estimated to confer an 
approximate 20-40 per cent reduction in contemporary Western populations, including 
Australia. This estimate is inherently imprecise, in part because of the limited data 
available. The reduction in caries in permanent teeth in children is likely to be towards the 
lower end of that range, while, for primary  
 
Today, it is estimated that fluoride in drinking water accounts for approximately one-
quarter of the average daily intake in very young children. It accounts for less in those 
children with high total intakes, since they ingest relatively more from discretionary sources 
(particularly fluoridated toothpaste). Fluoride from water accounts for proportionately more 
in older children. In adults, in whom ingestion of discretionary sources of fluoride is 
minimal, fluoride from water accounts for approximately one-half of total daily intake. At all 
ages, fluoride in food accounts for the remainder; approximately one-seventh of the 
fluoride in food derives from fluoridated water used in food preparation and cooking. There 
is neither any strong theoretical reason, nor any evidence, that the fluoride intake has 
increased significantly in adults over the past 2-3 decades.  
 
Within the contemporary context, in which multiple discretionary sources of fluoride exist, 
the protective effect of fluoridated water remains evident, at all ages -albeit a lesser, and 
apparently declining, effect relative to its estimated effect in earlier decades. Since the 
mode of biological action of fluoride (from any source) is predominantly post-eruptive, the 
prevention of caries requires ongoing, and lifelong, exposure to fluoride.  
 
Considerations of effectiveness, cost-effectiveness and population coverage all continue to 
favour water fluoridation as the preferred primary source of supplementary fluoride. 
However, the fact that fluoride in drinking water constitutes an involuntary exposure 
necessitates a particular requirement for public health policy on this matter to be both up-
to-date and prudent.  
 
While, on the available evidence, there is no justification for lowering the fluoride 
concentration in drinking water, public health prudence requires that this option be kept in 
mind in the course of future public health surveillance and evaluation. Whereas avoidance 
of excessive individual exposure in young childhood is best approached by controlling the 
intake of discretionary fluoride, avoidance of excessive exposure of the community to 
lifetime cumulation of fluoride would, if required, be best approached by reducing the 
concentration of fluoride in drinking water.  
 
9.2 Major conclusions  
The major conclusions from the above review are:  
1 . In the assessment of the Working Group, the aggregate evidence establishes that 
 fluoridation of water to around 1 ppm has, in the past, conferred a substantial 
 protective effect against dental caries. The evidence for this protective effect is 
 strongest in childhood, reflecting the preponderance of research in this age-group. 
 In recent decades, the magnitude of the beneficial effect of water fluoridation 
 appears to have decreased, as the pattern of dental disease has changed and as 
 fluoride has become widely available from a number of discretionary sources. 
 Nevertheless, water fluoridation continues to contribute to the prevention of dental 
 caries, and therefore to provide an important, community-wide, and readily 



 achievable, foundation to dental public health. While further confirmatory research 
is  needed in contemporary adult populations, water fluoridation appears also o be of 
 increasing importance to dental health in an ageing population.  
2. Fluoridation of drinking water remains the most effective and socially equitable 
 means of achieving community-wide exposure to the caries-prevention effects of 
 fluoride. A fluoride concentration of 1 ppm in drinking  
 water is still regarded as appropriate for the prevention of caries (in a  
 temperate climate). A concentration of 1 ppm secures most of the caries prevention 
 effect available from fluoridated water, while maintaining minimal contribution of 
 water fluoride to dental fluorosis in children.  
3. 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. The increased total fluoride 
 exposure in recent decades has been associated with some increase in the 
 occurrence of dental fluorosis -predominantly in those individual children with a 
 history of high total ingestion of fluoride, mostly from discretionary sources. While it 
 is conceivable that some isolated cases of skeletal fluorosis may be occurring in 
 individuals with either a high long-term intake or a particular metabolic susceptibility, 
 no cases have been reported in Australia.  
4.  There is no evidence to justify a change in the view that fluoride supplementation 
 within the intended normal range of daily intake is safe in human populations. The 
 recent equivocal evidence of increased risk of bone neoplasms in one species of 
 experimental animals exposed to very high doses of fluoride indicates a need for a 
 raised and ongoing attentiveness to these (and any other) possibilities of adverse 
 effects in human populations experiencing lifelong exposure to fluoride 
 supplementation.  
5.  In attempting to estimate the consequences of reducing the concentration of 
 fluoride in drinking water below 1 ppm, the Working Group concluded that such a 
 reduction would inevitably result in an increase in the occurrence of dental caries. 
 The best available estimate of the magnitude of any such increase comes from an 
 interpolation of the data describing increases in childhood caries in communities in 
 which water fluoridation has been terminated, along with the assumption that the 
 historically-documented (downwardly) curvilinear relationship between natural water 
 fluoride concentration and community dental caries rates is applicable. On this  
 basis, the predicted increase for a reduction in fluoride concentration from 1 ppm to 
 0.5 ppm (chosen here for illustrative purposes only) would be of the order of 10-15 
 per cent in the short to medium term (i.e. within 5-10 years). However, the Working 
 Group is aware of the constraints to adopting this approach -most notably the lack 
 of direct data on the change in caries rates consequent upon changes in water 
 fluoride concentration within this range (0.5-1.0 ppm). Therefore, it is acknowledged 
 that the actual change could range from a very small percentage to -in the case of 
 certain groups that have a higher caries rate, including older adults -a substantially 
 higher percentage.  
6.  In children, there is a need for effective control over discretionary sources of 
 supplementary fluoride, to avoid excessive intake in some individuals. Avoidance of 
 high individual intake of fluoride in childhood can best be achieved by control of 
 discretionary sources of fluoride. This includes: the introduction of 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.  



7.  If, in the light of future health surveillance, there were any future need for a 
 community-wide reduction in long-term exposure to fluoride in adults, this would be 
 best achieved by reduction in the concentration of fluoride in drinking water.  
8.  There is an urgent need to upgrade substantially our monitoring of dental health to 
 include older children and adults, and to monitor the levels of fluoride exposure and 
 the occurrence of dental fluorosis in Australia.  
 
9.3 Recommendations 
 
1. Maintain the recommended level of fluoridation of reticulated water supplies at 1 
 ppm (subject, as in the past, to modulation in accordance with climatic variation).  
2.  Those communities with a reticulated water supply that is not fluoridated to the level 
 currently recommended by NHMRC and the Water Resources Council of Australia 
 should be encouraged to do so.  
3.  That proposals be developed to:  
 
• reduce the likelihood of excessive ingestion, by young children, of 
 fluoride from infant formulas and from fluoridated toothpaste. 
 
•  conduct a public and professional (dental and other health-care) education 
 campaign about the appropriate use of discretionary fluoride supplements (other 
 than toothpaste) in the presence of a fluoridated water supply.  
•  ensure that consumption does not exceed NHMRC recommended frequency and 
 dose in communities with unfluoridated water (especially those remote 
 communities), where the use of fluoride tablets or drops in young childhood is 
 desirable. The recommended mode of use of fluoride tablets or drops should be 
 widely notified, and included in labeling of all such products.  
•  develop monitoring mechanisms to document total fluoride intakes by adults with a 
 view to estimating levels of deposition in bone, bearing in mind that water 
 fluoridation at around 1 ppm appears, on present evidence, to be the main single 
 source of fluoride intake in adults.  
•  increase immediately the support for dental public health research and  
 evaluation in Australia. It is necessary to establish a much more 
 detailed and higher-quality data base for the purpose of monitoring 
 trends in dental health (including dental fluorosis) in Australia, and,  
 specifically, for the future evaluation of the effectiveness of water  
 fluoridation, both in children and adults. 
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APPROXIMAL SURFACE Adjacent surfaces of the teeth in the same (upper or lower) jaw.  
 
CARIES EXPERIENCE The extent and severity of dental caries within a population. This 
is most frequently measured using indexes such as DMFT or DMFS.  
CARIOGENIC MECHANISM The biological means by which remineralization of dental 
tissues, leading to dental caries, is caused.  
 
COMMUNITY TRIAL Experiments in which the unit of allocation to receive a preventive or 
therapeutic regimen is an entire community or political subdivision. Examples include the 
trials of fluoridation of drinking water, and of heart disease prevention in North Karelia 
(Finland) and California.  
 
COST-BENEFIT ANALYSIS An economic analysis in which the costs of medical care and 
the loss of net earnings due to death or disability are considered. The general rule forthe 
allocation of funds in a cost-benefit analysis is that the ratio of marginal benefit (the benefit 
of preventing an additional case) to marginal cost (the cost of preventing an additional 
case) should be equal to or greater than 1.  
 
COST-EFFECTIVENESS This form of analysis seeks to determine the costs and 
effectiveness of an activity, or to compare similar activities to determine the relative degree 
to which they will obtain the desired objectives or outcomes. The preferred action or 
alternative is one that requires the least cost to produce a given level of effectiveness, or 
provides the greatest effectiveness for a given level of cost. In the health care field, 
outcomes are measured in terms of health status.  
 
DECIDUOUS (PRIMARY) TEETH Primary (or "milk") teeth which begin to erupt at about 6 
months of age and which are finally shed ("exfoliated") at about 12 years of age after the 
eruption of the permanent teeth.  
 
DEMINERALIZATION Reduction of the mineral content (principally, calcium and 
phosphorous) of a tissue, notably the enamel, dentine or cementum of teeth.  
 
DENTAL CARIES Disease of the teeth resulting in the demineralization, cavitation and 
breakdown of calcified dental tissues (enamel, dentine or cementum) by microbial activity.  
 
DENTAL DECAY See dental caries.  
 
DENTAL FLUOROSIS A disturbance of tooth formation caused by fluoride being present 
in the tissue fluids over a prolonged period during tooth development. The disturbance 
results in the development of porous enamel which has an altered appearance ranging 
from the most mild forms, in which small flecks of white discolouration can be observed on 
the tooth surface, to the most severe forms, in which the enamel develops pitting and 
brown staining. Dental fluorosis must be distinguished from  



DENTAL PROPHYLAXIS The prevention of dental disease, especially dental caries. 
 
DENTIFRICE ("toothpaste") 
A pharmaceutical compound used in conjunction with the toothbrush to clean and  
polish the teeth. It contains a mild abrasive, a detergent, flavouring agent, 
binder, and occasionally deodorants and various medicaments designed  
as caries preventives, for example, fluoride and antiseptics. 
 
DENTITION  
Natural teeth in the jaws. 
 
DMFT, DMFS, DIMFT, dft, dfs, dmft 
Indexes describing the dental caries experience of individuals or populations. 
The DMFT index is computed by summing the number of permanent teeth 
which are Decayed, Missing or Filled. For any person, the index can range  
in value from zero to 32, the maximum number of teeth. A mean DMFT  
index refers to the arithmetic average, within a given population, of each 
person's DMFT index. The DMFS index is a count of the number of  
permanent tooth surfaces which are decayed, missing or filled. Teeth may have 
either four surfaces (incisors and canines) or five surfaces (premolars and  
molars) for the purposes of the DMFS index. The maximum number of 
surfaces which can be affected is therefore 148. The DIMFT index includes, in 
addition to a count of decayed, missing and filled teeth, the number of teeth 
which are Indicated for (in need of) extraction. 
 
Lower case lettering refers to the deciduous dentition. Hence the dft index is a  
count of the number of deciduous teeth which are decayed or filled, while the 
dfs index refers to the number of surfaces so affected. Missing deciduous teeth 
may also be included in the index, hence constituting the dmft index. 
 
DISCRETIONARY FLUORIDE 
Any form of fluoride which is used actively and preferentially by an individual in the 
prevention of decay. This includes fluoride tablets or drops, fluoridated toothpastes or 
mouthrinses, and professional topical applications. It does not included fluoridated drinking 
water. 
 
EFFECTIVENESS 
The extent to which a specific intervention, procedure, regimen, or service, when deployed 
in the field, does what it is intended to do for a defined population. 
 
EFFICACY 
The extent to which a specific intervention, procedure, regimen, or service produces a 
beneficial result under ideal conditions. Ideally, the determination of efficacy is based on 
the results of a randomized controlled trial. 
 
ENAMEL OPACITY 
An opaque area on the normally transparent (translucent) enamel. 
 
EPIDEMIOLOGY 
The study of the distribution and determinants of disease in human populations and the 
identification and evaluation of methods of preventing or alleviating illness. 
 



EPIDEMIOLOGY- EXPERIMENTAL 
A study in " which a population is selected for a planned trial of a regimen whose effects 
are measured by comparing the outcome of the regimen in the experimental group with 
the outcome of another regimen in a control group. In some experiments, for example, 
fluoridation of drinking water, whole communities have been allocated (usually non-
randomly) to experimental and control groups. 
 
EVALUATION 
A process that attempts to determine as systematically and objectively as possible the 
relevance, effectiveness, and impact of activities in the light of their objectives. Several 
varieties of evaluation can be distinguished, e.g., evaluation of structure, process and 
outcome. 
 
FISSURE SEALANT 
An adhesive, plastic film applied to those surfaces of teeth which have pits or fissures to 
assist in the prevention of caries. 
 
FLUORIDATION 
Fluoridation is the addition of fluoride to the diet (food and drink) with a view to lessening 
both the severity and the incidence of dental caries. Though other dietary forms are 
known, it has come to be associated predominantly with the addition of fluoride to 
communal water supplies. Proponents of the measure recognise an optimum dosage 
which, in temperate climates, approximates in volume to one part of fluoride to a million 
parts of water. 
 
FLUORIDE VEHICLE 
The means by which supplementary fluoride is provided for the prevention of dental caries. 
The principal fluoride vehicles are: water fluoridation, fluoride tablets or drops, fluoride 
toothpastes or mouthrinses, and professional dental applications. 
 
GINGIVAL SURFACE 
That part of the tooth surface which is adjacent to or immediately above the gum (gingiva). 
 
INCIDENCE 
The number of new cases of a given disease or other condition in a given population at 
risk of the disease during a designated time. The word is often used to mean incidence 
rate. 
 
Monofluorophosphate '-one formulation commonly used for the addition of fluoride to 
toothpaste. 
 
MOUTHRINSE, MOUTHWASH 
A mouth rinse possessing cleaning, germicidal, and/or palliative properties. 
 
OCCLUSAL SURFACE 
The "biting" surface of the tooth which makes contact with that of the opposing jaw. 
 
PERMANENT DENTITION. 
The set of natural, permanent teeth in the dental arches. 
 
POPULATION-AT-RISK 
People who stand a chance of contracting a specified disease (for example, during an 



epidemic outbreak). 
 
PPM Parts per million -a measurement of the concentration of a substance. A 
concentration of one part per million is equivalent to one milligram perkilogram. For 
example, fluoridated water at 1 ppm contains one milligram of fluoride ion per litre of water.  
 
PREVALENCE The number of individual cases of a given disease or other condition in a 
given population at a designated time. The word is often used to mean prevalence rate.  
PRIMARY DENTITION The set of natural, primary (deciduous) teeth in the jaws.  
PROPHYLACTIC FILLINGS Dental fillings which, in the past, were placed in the pits or 
fissures of sound (nondecayed) teeth with a view to preventing the development of 
advanced decay.  
 
PUBLIC HEALTH Encompasses the problems affecting the health of a population, the 
collective status of health of the people, environmental health and health services, and the 
administration of health care services.  
 
RANDOMIZED CONTROLLED TRIAL An epidemiological experiment in which subjects in 
a population are randomly allocated into groups, usually called "study" and "control" 
groups, to receive or not to receive an experimental preventive or therapeutic procedure or 
intervention. The results are assessed by comparison of rates of disease, death, recovery, 
or other appropriate outcome in the study and control groups, respectively. Randomized 
controlled trials are generally regarded as the most scientifically rigorous method of 
hypothesis testing available in epidemiology.  
 
REMINERALIZATION The process whereby a demineralized or hypo-mineralised tissue 
takes up minerals again (used here in the sense of ionic exchange in enamel).  
SMOOTH SURFACE CARIES Dental caries occurring on those gingival and approximal 
surfaces of the teeth which do not have a natural pattern of fissures, pits or grooves.  
 
SUPPLEMENTARY FLUORIDE Any form of fluoride which is used by humans in addition 
to the amounts to which they would be exposed through the environment, foods and 
background levels in drinking water (typically at a concentration of 0.3 ppm fluoride or 
less). Sources of supplementary fluoride include fluoridated drinking water, fluoride tablets 
or drops, fluoridated toothpastes or mouthrinses, and professional dental applications. 
Hence, the term "supplementary fluoride" in this report is broader in scope than that used 
by some others to refer only to tablets or drops.  
 
TOPICAL Pertaining to or acting upon a particular surface area, as a topical anti-infective 
applied to a certain area of the skin and affecting only the area to which it is applied.  
 
TOPICAL APPLICATION Application locally (in the mouth onto the tooth surface).  
T 
OPICAL FLUORIDE The application of fluoride which is intended primarily to act locally on 
the teeth.  
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APPENDIX A:  Letter of Submission 
 
PO Box 48 O'Connor ACT 2601 Tel: 062-435 081 bh 487 893 ah  

6 July 1989  

t  

Professor John Chalmers  

Chairman  

National Health and Medical Research Council PO  

Box 100  

Woden ACT 2606  

Dear Professor Chalmers,  

re: Exaggeration of the effectiveness of water fluoridation Dr  

Sid Sax suggested that we raise this matter with you.  

we are independent scientists who have been engaged in research 

and education in the public interest. It is our contention that 

the NH&MRC, the Commonwealth and State Governments, and the public 

have been misled on a matter of public health policy.  

In the present case, official bodies and the public have been led 

to believe incorrectly that all serious scientific evidence still 

supports the notion that water fluoridation reduces tooth decay by 

50 to 60 percent. On the contrary, there is now a substantial body 

of evidence from many countries which leads inevitably to the 

conclusion that the effectiveness of water fluoridation has been 

greatly exaggerated by its proponents.  

We draw your attention to this question of the alleged enormous 

benefits of water fluoridation in the context of the large and 

growing body of international clinical, epidemiological and 

laboratory evidence which suggests strongly that low levels of 

fluoride have adverse health effects on some members of the 

population: specifically, that in fluoridated areas there is an 

increase in the prevalence and severity of disfiguring dental 

fluorosis, that skeletal fluorosis may be a problem, especially 

for people with kidney  

malfunction, and that some people suffer from hypersensitivity, 

intolerance reactions and chronic poisoning. But the question of 

adverse health effects will not be addressed further in the 

present submission.  

In Australia, the group responsible for public and scientific 

misconceptions about fluoridation is composed primarily of members 



of the former NH&MRC Working Party. on Fluorides, plus a few 

senior members of the Australian Dental Association, doctors and 

health administrators located in each state. Several members of 

this group are attempting to suppress and misrepresent the 

scientific evidence for concern about water fluoridation, and even 

to suppress those of us who are trying to warn the community.  

The proponents have claimed for several decades that  

fluoridated drinking water reduces tooth decay, as measured by the 

DMFT index (the number of decayed, missing and filled teeth per 

child), by. 50 to 60%. From the beginning these claims were 

questioned by a few dental researchers, medical doctors and 

scientists, but it soon become difficult to publish results or 

analyses which were inconsistent with the fluoridation dogma. On 

the rare occasions when such scientific work was published, it was 

largely ignored by proponents of fluoridation and health 

authorities.  

Fortunately -- as the result of the accumulation of more and more 

evidence, persistence by independent scientists in the face of 

suppression, and growing awareness by the community of 

environmental and health issues -- scientific papers,  

- review articles and letters, which raise questions about the 

traditional notion of enormous benefits from fluoridation, have 

been published in the 1980s in leading national and international 

journals, including:  

------------------------------------------------------------------

------------------------------------------------- 

Journal     Author  

------------------------------------------------------------------

------------------------------------------------ 

Science      Leverett 

Nature      Diesendorf 

American Laboratory    Colquhoun 

Chemical & Eng News    Hileman, Sutton, 

      Burgstahler, Neilands, et al 

The Ecologist     Colquhoun & Mann 

      Diesendorf & Sutton, Grant 

Fluoride      (several) 

Journal of Publ Health Dent   Colquhoun, Diesendorf 



Social Science & Medicine   Diesendorf 

Community Health Studies   Colquhoun 

Search      Diesendorf 

Community Dent Oral Epidemiol  Fejerskov et al, Colquhoun, 

      Diesendorf 

NZ Medical J.     Colquhoun & Mann, Diesendorf 

NZ Dental J.     Colquhoun, Diesendorf 

J. Canad Dent Assoc    Gray, Johnston et al 

American J. of Pub Health   Kumar et al 

Caries Research.,     Mirth et al  

 

In addition, important new work has recently been submitted  

for publication. The results of all the above work are that:  

1.  There is little or no benefit, in terms of reduced tooth 

decay, from ingesting fluoride. On the other hand, there is 

evidence of ill-effects.  

In most developed countries, including Australia, tooth decay has 

been declining substantially over the past two to three decades, 

whether or not water supplies are fluoridated. In several 

countries, including parts of Australia, New Zealand and England, 

there is also evidence that this decline commenced before fluoride 

in any form was used widely. Therefore, non-fluoride factors which 

are, strictly speaking, innumerable (some of which are changes in 

diet, nutrition, oral hygiene and possibly immunity) must be 

considered to be playing a  

I  

3. High-concentration topical fluorides, such as contained in 

toothpastes, mouthrinses and gels, ' seem to be effective in 

reducing tooth decay. (By 'high-concentration' we mean 1000 ppm 

fluoride or more. By 'topical' we mean acting on the surface of 

the teeth.) High-concentration topical fluorides are likely to 

have made a significant contribution to the decline in caries 

prevalence in the mid and late-1970s and early 1980s, but not in 

the 1960s or early 1970s (too early) or late 1980s (too late).*  

4.  The topical effect of fluoridated drinking water (1 ppm 

fluoride) is likely to be considerably smaller than that of 

fluoride toothpaste (about 1000 ppm fluoride). Therefore, from 



paragraphs (1) and (3) above, the total benefit of fluoridated 

drinking water is likely to be less than that of the regular use 

of fluoride toothpaste.*  

5. This is confirmed by cross-sectional studies of the prevalence 

of tooth decay. For the capital cities of Australia, for the major 

cities of New Zealand and for 84 locations in the USA selected by 

the US National Institute of Dental Research, there is no 

statistically significant difference in the levels of tooth decay, 

as measured by DMFT, between unfluoridated and fluoridated 

regions.  

6.  Early quasi-experiments on human populations, which led to 

claims that water fluoridation reduced tooth decay (DMFT) by 50 to 

60%, suffered from serious inadequacies of experimental design. 

Only a small fraction had independent control populations; of 

these studies, very few involved the "blind" examination of teeth 

and none involved the random selection of test and control towns 

for "blind" studies. Questions of possible fraud have been raised 

about several of the most famous trials, including the conduct of 

the ..Hastings, New Zealand, fluoridation trial and the misleading 

public presentation of the results of the Tamworth, Australia, 

trial.  

 

The response to this scientific evidence by some fluoridation 

proponents has been to circulate --to health departments, 

politicians, the World Health Organisation and newspaper editors -

- unpublished manuscripts attacking some of the above papers and 

their authors on dubious grounds. In some cases, proponents have 

put pressure on the employers of the authors to try and get the 

work (and/or the author) repudiated. Other proponents, such as the 

spokesperson for the American Dental Association, quoted in Chem & 

Eng News (8 May 1989, p.6], have recently taken a more responsible 

approach, admitting. that the benefits of fluoridation may be much 

smaller than previously stated.  

The question in Australia is whether the NH&MRC is prepared, in the 

light of new (and old but unrefuted) scientific data, to reassess its 

position. 

Through you, we hereby request the NH&MRC to reconsider its  

 

I  

position on water fluoridation. We suggest that this can be best 

achieved by setting up an open, public enquiry to be conducted by 

disinterested scientists and representatives of community health 

groups. We submit that the scientific members of such a group of 

assessors in such an enquiry should include an epidemiologist with a 

strong background in mathematical statistics and a sociologist. We 



would be willing to appear before such an open public enquiry, to be 

cross-examined by the proponents of fluoridation and to cross-examine 

them in turn, provided that the proponents were, like ourselves, 

witnesses, but not judges or assessors of the evidence.  

_ We submit that the members and former members of the NH&MRC Working 
Party on Fluorides are particularly unsuitable for assessing the 

issue because they suffer from severe conflicts of interest. Most 
are, or have been, professionally involved in the promotion of water 

fluoridation and/or fluorides in general. In most cases their 
professional status and careers have benefited from their 

involvement. So it is essential that a credible reassessment of the 
effectiveness of water fluoridation by the NH&MRC be conducted openly 

by scientists and others who are seen to be as disinterested as 

possible.  

To offer you an overview of the basic quantitative evidence, one of 

us (MD) encloses a summary article. The key references listed at the 

end of the summary, mostly written by the undersigned, contain more 

details of our case.  

If required, we can answer the unpublished critiques (e.g. by G.G. 

Craig and by Lloyd Carr) of our published work which are circulating 

behind the scenes, but frankly those we have seen are of such a low 

scientific standard that they are probably unpublishable, except 
possibly in certain dental magazines, and hardly worth answering. Our 

answers to the few published criticisms we have seen have either 

already been published or are in press in the appropriate journals.  

The evidence contained in this submission, together with the separate 

body of evidence we have studied on the ill-effects of the chronic 

ingestion of low levels of fluoride, lead us to the conclusion that 

the fluoridation of drinking water should be terminated.  

Because we believe this matter is one of public interest, we shall 

make public the contents of the summary paper. 

 

 

0 

Mark Diesendorf BSc PhD  

John Colquhoun BDS PhD Peg 47  

Philip R.N. Sutton DDSc ,    (Melb) FRACDS  

 

Enclosed: summary paper by MD.                

 

*Dr Sutton is not convinced that the present evidence on human 

populations has established the efficacy of topical fluorides.  

 



Appendix B: Correspondence from NHMRC Committee on 
Toxicity re: recently reported animal experimental 
carcinogenicity studies  

NATIONAL  

HEALTH AND  

MEDICAL RESEARCH COUNCIL  

COMMONWEALTH OF AUSTRALIA 
 

P.O. BOX 100, WODEN, A.C.T. 2606. TELEPHONE 89 1555. TELEX AA62149 FACSIMILE 81 9646 

ALB:JMP HR&SD  

Professor A J McMichael 
Chairman, National Health and Medical 
Research Council 
Working Party on the Effectiveness 
of Water Fluoridation Department of Community Medicine University 
of Adelaide North Terrace ADELAIDE SA 5000  

 

Dear Professor McMichael  

As you are aware, the Committee on Toxicity has been requested to 

consider the significance of the draft US National Toxicology 

Programme Report TR 393 "Toxicity of Sodium Fluoride" which was 

issued earlier this year.  

The Committee on Toxicity gave consideration to the draft report at 

its 17th Meeting. In view of your Working Party's interest in this 

matter, the following summary is provided for its information.  

Although acute and sub-chronic studies were conducted in mice and 

rats, these may be considered as preliminary to the chronic 

bioassays. The latter may be briefly summarised as follows:  

2-Year oral study in mice (NTP, Draft TR 393, 1990)  

Groups of B6C3F1 mice. (70 or 100/sex/dose level) were administered 

NaF in the drinking water at dose levels of 0, 25, 100 or 175 ppm for 

2 years. An additional control group (50/sex) received deionized 

water and provided paired controls for early death in the treatment 

group.  

Mean bodyweight gain was similar for all groups throughout the study. 

There was no treatment-related effect on food consumption or water 

consumption. The only treatment-related clinical sign of toxicity 

noted was white discoloration of the teeth at higher exposure levels.  



2. 

 

Haematological parameters were normal throughout the study  

period. Serum alkaline phosphatase was increased slightly at the high  

dose level, while fluoride concentrations in bone were time and dose- 

related. There were no organ weight changes attributable to NaF  

treatment.  

Pathological examination indicated the incidence of malignant 

lymphoma  

(all types) and malignant lymphoma and histiocytic sarcoma combined 

were  

marginally increased in female mice at the high dose level. However, 

the  

increase was well within the range of historical control incidence  

rates. Pathological examination confirmed the dose-related increase  

in dentine dysplasia in males and females.  

2-Year oral study in rats(NTP, Draft TR393,1990)  

Groups of F344 rats (70 or 100/sex/dose level) were administered 

NaF in the drinking water at dose levels of 0, 25, 100 or 175 ppm 

for 103 weeks. An additional control group (50/sex) received 

deionized water and provided paired controls for early death in 

the treatment groups.  

There was no treatment-related change in bodyweight, nor was there 

any treatment related effect on food or water consumption. The only 

clinical signs of toxicity were discoloration, mottling and deformity 

of teeth at the 100 and 175 ppm dose levels. Mottling was also noted 

at the 25 ppm dose level.  

Haematological parameters were unremarkable. Serum levels of 

fluoride were increased in females at 100 and 175 ppm at 27 weeks 

and in all males and females at 66 weeks. Urinalysis was 

unremarkable. For all groups, the fluoride concentration in bone was 

increased at the treatment levels. There were no treatment-related 

changes in organ weights.  

Pathological changes which may be considered compound-related 

occurred in bone of high dose and possibly mid dose animals. 

Osteosclerosis, a spontaneous bone disease of ageing rats, was 

increased in high dose females (18/81 compared to 6/80) in controls). 

Osteosarcomas were found in one mid dose male and 3 high dose males. 

An additional subcutaneous osteosarcoma was found in a fourth high 

dose male.
, 

There were none in control or low dose males and none in 

females (see TABLE 1). The osteosarcoma in the mid dose male was 

between the 1st and 2nd vertebrae. A metastatic lesion was found in 

the lung with the same morphological. appearance. Of the 

osteosarcomas in the high dose level animals, 2 were associated with 

vertebrae and the third with the proximal portion of the humerus. 



Historical control 3. data indicates a low incidence of osteosarcomas 

in NTP studies of F344 rats with only 10/2106 (0.5%) oesteosarcomas 

found at any site including extraskeletal tissues in male rats. The 

greatest incidence observed in any one historical control group was 

6%, which is above the current incidence level (2% and 4% for bone 

osteosarcomas, and 2% and 5% for all osteosarcomas).  

There were no other treatment-related increases in tumour 

incidence. 

 

TABLE 1  
Bone Osteosarcomas in Male Rats in the 2-Year Drinking Water Study of Sodium Fluoride  

     0 ppm  25 ppm   100 ppm  175 ppm  

Bone: Osteosarcoma.  

a Overall rates  

0/80 (0%)  0/51 (0%)  1/50 (28)  3/80 (4%)  

b  

c       

Adjusted rates  0.0%  0.0%  4.3%  5.3%   

d       

Terminal rates  0/42 (0%)  0/25 (0%)  1/23 (4%)  1/42 (2%)   

First incidence  
  

729 (T)  388  
 

 e      

Logistic regression 

tests  
P-0.027•  

f  P-0.380  
P-0.099  

 

 

(T)  Terminal sacrifice  

• Statistically significant (P<0.05)  

a Number of tumor-bearing animals/number of animals necropsied  

• One extraskeletal osteosarcoma occurred in a high-dose male rat  

• Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent 

 mortality  

 

• observed incidence at terminal kill  

• Beneath the control incidence are-the P values associated with the trend test. Beneath the dosed 

 group incidence are the P values corresponding to pairwise between the controls and that dosed  

 group. The logistic regression tests regard these lesions as nonfatal.  

f No tumors in dosed group or control group; statistical test not performed.  

4. 

 

In considering these studies, the Committee noted that the 

experimental design of the studies incorporated the use of greater 

numbers of animals than in other NTP bioassays and also the use of 

whole body radiography. It was anticipated that these changes would 

have increased the sensitivity of the studies. However, it was also 

noted that the rates of animal survival in some treated groups was 

low, complicating the interpretation of the studies.  

In the chronic study with B6C3F1, mice, the Committee noted that 

the combined incidence of malignant lymphoma and histiocytic 

sarcoma were marginally increased in treated mice in comparison to 

untreated controlled animals. However as this increase remained 

within the historical control range for these neoplasms, the 

Committee considered they were not attributable to sodium fluoride 

exposure.  

In the chronic study with F344 rats, the Committee noted that 

osteosarcomas occurred in male rats only at the higher exposure (ie 

100, 175 ppm respectively) but not at the lower level (25 ppm). Such 

a scenario is to be expected if tumorigenesis were subsequent to a 



high degree of local toxic injury, although it does not establish 

such a mechanism. Osteosarcomas were not found in any female rats. On 

the other hand, osteosclerosis occurred at higher incidence in female 

rats exposed to the higher concentration of sodium fluoride than in 

control animals. This, the Committee noted, mitigates against a 

relationship between osteosclerosis, a specific sodium fluoride-

induced toxic injury, and tumorigenesis.  

The Committee noted that the finding of osteosarcomas in treated 

male but not female rats was unusual since marked sex-dependent 

difference in the incidence of these rumours has not been 

previously recorded. In evaluating the spontaneous incidence of 

osteosarcomas in the strain used in the study, the fact that the 

sodium fluoride bioassay employed whole body radiography is an 

important consideration. Comparison of the present data with 

historic control incidences (average 0.5%, highest incidence 6%, 

based on tumour incidences determined without recourse to 

radiography) is thereby rendered imprecise. Historic use of 

radiography may have resulted in the spontaneous incidence of 

osteosarcomas being higher than 0.5% and hence the present 

occurrence of 3 tumours being more obviously compatible with 

spontaneous incidence. The Committee took this matter into account. 

However, it was not the view that, on these grounds alone, no 

further consideration need be given to the possibility that the 

present tumours were treatment related.  

5. 

 

The Committee noted that the NTP's Board of Scientific  

Counselors' Technical Reports Review Panel had concurred with  

the NTP conclusions of "equivocal evidence of carcinogenic activity"  

in male rats "no evidence of carcinogenic activity in female rats or 

in  

male and female mice". According to NTP criteria, "equivocal  

evidence of carcinogenicity is demonstrated by studies that are  

interpreted as showing no chemically-related increased in malignant 

or  

benign neoplasms".  

The Committee was aware that chronic testing in rodents is an 

inexact analytical procedure. Hence the utilization of terms such as 

'equivocal evidence of carcinogenicity'. It was noted that in 

circumstances where the possibility that tumours were caused by 

treatment cannot be rigorously excluded, an appropriate response is 

to consider further experimentation. Specifically in this context, 

the Committee was aware of the imminent publication of the results 

of another bioassay of sodium fluoride in a different strain of 

rats. The Committee considered that the results of this additional 

study would assist in the interpretation of the NTP study. As this 

second rat study has now been published, it will be considered at 

the next meeting of the Committee.  

In considering the significance of the above information for public  

health, the Committee acknowledged the present limitations to current  



understanding of the relevance of the physiology of rodent bone for  

man. Differences in bone composition and growth were noted, as  

was some information suggesting that the pharmacokinetics/dynamics of  

fluoride ion differed between rats and man.  

Recognizing0 these limitations to the interpretation of the 

bioassays,  

the Committee appreciated the value of the considerable human data on  

fluoride exposure that is available to your Working Party.  

The Committee also reviewed currently available information on the  

genotoxicity of sodium fluoride which could assist in the  

interpretation of the abovementioned rodent bioassays.  

Numerous genotoxicity studies have been carried out with sodium fluoride 

using a wide range of assays. Studies in vitro showed no evidence for 

mutation in microorganisms or mammalian cells or for unscheduled DNA 

synthesis in mammalian cells. Cytogenetic tests in cultured mammalian 

cells revealed mixed results. Chromosome aberrations were increased in 3 

studies with equivocal findings in another 2 studies. Sister chromatid 

exchanges were increased in 1 study but were unaffected in 4 others. 

Assays for cytogenetic damage in bone marrow and spermatogonia and for 

altered sperm morphology were carried out in vivo; all gave clearly 

negative results.  

6.  

The clastogenic activity of sodium fluoride in vitro is of 
uncertain origin. It has been suggested that the mechanism  

may be indirect, possibly by inhibiting enzymes involved in DNA  

replication or repair. Nevertheless, the abovementioned 

activity is not apparent in a number of well conducted in vivo 

studies, possibly due to an inability to obtain sufficiently high 

concentrations in whole animals. 

 

The Committee's overall conclusion was that the experimental evidence 

of genotoxicity was not indicative of a hazard to humans over and 

above that implicit in the equivocal carcinogenicity data. Such a 

hazard was evaluated as being extremely low, if indeed it were 

present at all.  

I trust that this information is of interest to the Working Party.  

Yours sincerely  

Dr A L Black Chairman Committee on Toxicity  

2 NOV 1998 
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Professor A J McMichael Chairman, National Health and Medical 

Research Council's Working Group on the Effectiveness of Water 

Fluoridation Department of Community Medicine University of Adelaide 

North Terrace Adelaide SA 5000  

Dear Professor McMichael  

Further to my letter of 2 November 1990, regarding the 

Committee on Toxicity's considerations of recent bioassays of 

sodium fluoride in mice and rats, the Committee has now 

considered the results of the so-called Proctor and Gamble 

bioassay of sodium fluoride in Sprague-Dawley rats as now 

published (Maurer, J., Cheng, M.C., Boysen, B.G. and Anderson, 

R.L. J.Nat. Cancer Inst• $2. 11181126 (1990))  

The following information may be of further interest to your 

Working Group.  

In the Proctor and Gamble study, groups of albino Sprague-

Dawley rats (70/sex/dose level) were administered sodium 

fluoride (NaF) in the diet at dose levels of 0, 4, 10 or 25 

mg/kg/day. The NaF was added to a low fluoride diet. The two 

control groups received either the low fluoride diet or 

laboratory chow. Fluoride content of the diet was adjusted 

weekly for the first 26 weeks and every 4 weeks thereafter to 

keep the daily fluoride intake constant. The study, originally 

designed to continue for 24 months, was terminated when 

survival was 20% or less; this corresponded to 95 weeks for 

males and 99 weeks for females. Haematology, clinical 

chemistry and urinalysis parameters were measured at 26 and 53 

weeks and at the termination of the study. Full pathological 

examination was conducted on control (low-fluoride) and 

25mg/kg/day level rats at 26 and 53 weeks and at termination 

of the study. Tumour incidence in target tissues (bone teeth 

and stomach) was measured for all groups. Analysis of fluoride 

in the diet bone and urine was made electrolytically.  

Rats on the high dose diet had significantly decreased bodyweight 

gain compared to the 0 (low fluoride), 4 or 10 mg/kg dose groups. 

Absolute and relative organ weights were normal apart from the 

stomach and femur. Absolute and relative stomach weight increased at 

10mg/kg/day NaF and above, while femur absolute and relative weight 

increased at 25mg/kg/day. Survival was not affected at the highest 

dose rate, whereas at the low and intermediate dose rate females but 

not males survived longer than female or male low-fluoride controls. 

Clinical pathology measurements for the high dose level group 



indicated moderate to significant decreases in blood glucose and 

specific gravity of urine, and also moderate decreases in total 

protein and globulin levels. All these changes were, however, within 

the normal range for ageing rats. The level of fluoride in the urine 

and bone increased as the level of NaF in the diet increased; urinary 

fluoride was a linear function of dose.  

Macroscopic and histological evidence of fluoride toxicity was seen 

in the teeth, bone and stomach of treated animals. Changes in the 

teeth, apparent in rats consuming 4mg/kg/day, included incisors which 

were thickened, white and often pitted. Bone changes were most 

obvious in the skull, and observed at 10mg/kg/day and above. Affected 

bones were white and thickened with a rough surface, which was 

described microscopically as subperiosteal hyperostoses. In the 

stomach, the non-glandular portion was thickened at 10mg/kg/day and 

above, characterised by mild hyperkeratosis and acanthosis. These 

rats also had thickening of the glandular portion of the stomach due 

to an inflammatory reaction.  

As with the NTP studies with F344 rats, the incidence of bone tumours 

observed in the Proctor and Gamble study with Sprague-Dawley rats was 

suggestive of the rate recorded for historical controls. Thus, taking 

all animals of both sexes in all treatment groups together, there was 

a single instance of osteosarcoma, a single instance of bone sarcoma, 

a single chordoma and two chondroma. The distribution of these bone 

neoplasms was random with respect of sex and treatment groups.  

The Committee considered that the Proctor and Gamble bioassay had 

been well designed and conducted. Bodyweights of treated rats were 

depressed at the highest dose and treatment-related effects were seen 

on bone and stomach at 10mg/kg and teeth at 4mg/kg. Unlike the NTP 

studies radiological examination was not conducted. In this regard, 

the Committee was informed that the Proctor and Gamble study preceded 

those of NTP.  

 

In the Proctor and Gamble bioassay, NaF was administered in the diet 

unlike the NTP studies where it was administered in the drinking 

water. It is unclear what effect dietary administration had on the 

absorption of fluoride in rats. NaF in the diet may be more poorly 

absorbed than NaF in the drinking water.  

It is particularly significant that, despite clear evidence of 

fluoride toxicity in teeth, bones and stomach, no treatment related 

neoplasms were seen in these target tissues in either sex. The clear 

evidence of fluoride toxicity, in parallel with a lack of treatment 

related tumours, provides• no confirmation for a hypothesis relating 
tumour development to toxic injury.  

The Committee further noted that neoplasms in non-target tissues 
were not presented in this study; although it was felt that the  
presence of such tumours would have deserved comment, absence of 
non-target tissue derived tumours in NaF treated rats cannot be 
confirmed until the detailed report of the study has been 
examined. 



Although the present study is not a precise repetition of the NTP study (differing 
in both strain of rat and mode of administration of NaF) it can be taken together 
with the NTP result in assessing the carcinogenicity of NaF. The Committee 
concluded that the results of the Proctor and Gamble study provide further 
evidence against the carcinogenicity of NaF in the Sprague Dawley rat that are 
complementary to the findings of the NTP study, and that, when coupled with 

available human data, do not suggest a carcinogenic potential for this substance.  

Yours sincerely  

Dr A L Black Chairman Committee on  

Toxicity 28 

February 1991 

 


