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Abstract

The use of fluoride involves a balance between the protective effect against caries and the risk of
having fluorosis. Fluorosis in Australian children was highly prevalent in the early 1990s. Policy
initiatives were introduced to control fluoride exposure so as to reduce the prevalence of

fluorosis.
Objective:

The study aimed of describing the prevalence, severity and risk factors for fluorosis, and to
describe the trend of fluorosis among South Australian children. The study also aimed of

exploring the effect of the change in fluoride exposure on dental fluorosis and caries.
Methods

This research project was nested in a larger population-based study, the Child Oral Health
Study (COHS) in Australia 2002-2005. The parent study’s sample was chosen using a
multistage, stratified random selection with probability of selection proportional to population
size. Fluoride exposure history was retrospectively collected by a parental questionnaire. This
nested study sample (n=1401) was selected from the pool of South Australian (SA) COHS
participants. Children were selected by year of birth to form three birth cohorts: those born in
1989/90; 1991/92; and 1993/94. Children were approached in two further stages: a dental
health perception questionnaire, and a clinical examination for fluorosis. Some 898 children
took part in the first stage. Among those, one trained dentist examined 677 children for
fluorosis under clinic conditions using two indices (the Fluorosis Risk Index (Pendrys, 1990)
and the TF Index (Thylstrup and Fejerskov, 1978)). The Dental Aesthetic Index score (DAI) was
also recorded. Caries experience extracted from dental records of all previous visits to school

dental clinics was used to enable calculation of dmfs/DMFS scores at different anchor ages.

Data were re-weighted age and sex to represent the South Australian child population. Per cent
lifetime exposure to fluoride in water and patterns of discretionary fluoride use were calculated.
Fluorosis data were used to calculate the prevalence and severity of fluorosis. Caries
dmfs/DMEFS scores were calculated at different anchor ages to enable comparison between

birth cohorts.
Results

A higher proportion of children in the later birth cohorts used low concentration fluoride
toothpaste, and a smaller amount of toothpaste was used when they commenced
toothbrushing. There was a significant decline in the prevalence of fluorosis across the three

successive birth cohorts. Risk factors for fluorosis, defined by the two indices, were use of

xii



standard fluoride toothpaste, an eating and/or licking toothpaste habit, and exposure to
fluoridated water. Means (SD) of the deciduous caries dmfs scores at age six and eight were 1.45
(3.11) and 2.46 (3.93) respectively. Evaluation of the “trade-off” between fluorosis and caries
with fluoride exposure indicated that the use of low concentration fluoride toothpaste and
preventing an eating/licking of toothpaste habit could reduce the prevalence of fluorosis

without a significant increase in caries experience.
Conclusion

There was a marked decline in the prevalence of fluorosis across the three successive birth
cohorts. The decline was linked with the reduction in exposure to fluoride. Exposure to
fluoridated water and several components of toothpaste use were risk factors for fluorosis.
Establishing an appropriate use of fluoride toothpaste could be successful in reducing fluorosis

without a significant increase in caries experience.

xiii



Declaration
This work contains no material which has been accepted for the award of any degree or

diploma in any university or other tertiary institution and, to the best of my knowledge and
belief, contains no material previously published or written by another person, except where

due reference has been made in the text.

I give my consent to this copy of my thesis, when deposited in the University Library, being

available for loan and photocopying.

Signed: / /
Loc Giang Do

X1V



Acknowledgements

I wish to express my sincere gratitude to Professor A. John Spencer of The University of
Adelaide for his thorough supervision of this project and for his endless guidance and

encouragement throughout the research process and writing-up the thesis.

I wish to thank the help and guidance from Dr Anna Puzio, Dr Kaye F Roberts-Thomson and
Professor Gary D Slade of The University of Adelaide, whose contributions were important to
successful completion of my research. The generous help of Professor Steven Levy of the

University of Iowa in providing training materials and sharing experience is highly appreciated.

I would like to specially thank Mr Jason M Armfield, Ms Carmen Koster, and many others in
the Child Oral Health Study’s team, whose work has played major roles in setting up of this

project.

I would like to acknowledge The University of Adelaide in providing my scholarship during
2001-2004, and the South Australian Dental Service in organising the fieldwork in 2003/04.
Assistance from the staff of the eight SADS clinics that were sites of the study is specially

appreciated.

I would like to express gratitude to Ms Dana Teusner for help with database, Ms Anne
Ellershaw for weighting the data, Dr Suzanna Mihailidis and Ms Liana Luzzi for their
encouragement and their help in editing the thesis, Mrs Judy Stewart for help with the
questionnaires, Mrs Silvana Marveggio and Mrs Lorna Lucas for help with administrative
matters, and all the friendly staff of Australian Research Centre for Population Oral Health at

the University Adelaide for their highly qualified assistance during the study.

I want to express my dearest love to my family, who always support and encourage me in my

study and in my life. Their love and help are essential for my life and career.

XV



1. Introduction

1.1 Background

The use of fluorides for oral health has always involved a balance between the protective
benefit against dental caries and the risk of developing fluorosis. The association between
fluoride and dental health was established as a result of determining the causes of dental
fluorosis (enamel mottling). However, it was the benefit of the exposure to fluoride from
between 0.7 to 1.2 ppm in public water supplies for the prevention of dental caries that soon
became the dominant public health policy. Dean (1935) recognised that there was a level of
exposure to fluoride that was associated with near maximal reduction in caries experience
with minimal risk of fluorosis. Establishing that level of exposure has always been a primary

goal of population oral health research.

In the population, dental fluorosis serves as the “canary in the coal mine”, alerting both
members of the public and public health authorities to potential over-exposure to sources of
fluoride. With the onset of fluoridation in the 1960s and 1970s the improvement in dental
health that followed fluoridation blunted attention or interest in the low prevalence of
fluorosis. However, as the prevalence of fluorosis increased during the 1980s, research began

to focus on fluorosis again.

In Australia, Riordan and Banks (1991) and Riordan (1993a), using the Thylstrup and
Fejerskov (TF) Index and case definition of TF score > 1, reported on the prevalence of
fluorosis in Western Australian children. The prevalence was 40.2% in fluoridated and 33.0%
in non-fluoridated areas among 12-year-olds and 48% among 7-year-olds in a fluoridated
area. Puzio, Spencer and Brennan (1993) investigating fluorosis in South Australian children
in 1993 reported that the prevalence of fluorosis, using the Dean Index, was 19.0% and 34.3%
in non-fluoridated and fluoridated areas respectively. These figures were well above

historical standards, i.e. 12.2% in Kewanee, Illinois (0.9 ppm F) as reported by Dean (1942).

Riordan, investigating risk factors for fluorosis among 7-year-olds (Riordan, 1993a) and 12-
year-olds (Riordan and Banks, 1991), reported that residence in a fluoridated area (especially
for a period of more than 2.5 years), use of fluoride supplements, weaning from breast
feeding before the ninth month, and liking and swallowing toothpaste were all risk factors.
Puzio, Spencer and Brennan (1993) also reported that exposure to water fluoridation, use of
infant formula and fluoride tablets were risk factors for fluorosis among 10-17-year-old
South Australians. This research documented an increase in the number and use of a range

of discretionary fluoride sources (i.e. infant formula, fluoridated toothpaste and fluoride

1



supplements). The findings suggested that the postulated threshold fluoride intake for the
development of fluorosis (0.05 to 0.07mg/kg body weight/day) (Burt, 1992) was being
exceeded in a proportion of children, irrespective of the fluoridation status of the water
supply.

Some researchers returned to the benefit/risk relationship and argued that the risks were
trivial compared to the benefits in reduced caries experience. Phrases like “not discernible
except by trained dentists” or “minimal aesthetic impact” were often used to describe
fluorosis. However, a small proportion of affected children and their parents both recognised
and reacted to the tooth colour changes because of fluorosis. For many children or their
parents the risks of fluorosis were identified, but often there was little appreciation of the
benefits for the child and the community of decreased caries experience. Also, there is often
an assumed capacity to maintain this low caries experience without the use of fluoride and
risk of fluorosis. Riordan (1993d) also reported on the perceptions of fluorosis by laypersons
and professionals. As the severity of fluorosis increased from TF 0 to 3, there was a general
decline in agreement expressed to the statement “The appearance of these two teeth is
pleasing and looks nice.” Hoskin and Spencer (1993) in South Australia also reported that
fluorosis was a significant factor in the satisfaction with colour and the appearance of teeth
for South Australian children aged 10-17 years old. Fluorosis was a significant factor in
parents’ dissatisfaction with the colour of their child’s teeth, even in the presence of factors
for malocclusion. The findings from these and other studies have initiated a process of

review that is reconsidering the topic of risks and benefits from fluoride use.

In Australia a policy response to these issues was developed through the NHMRC Working
Group report on the Effectiveness of Water Fluoridation (NHMRC, 1991), an NHMRC Expert
Panel on the Use of Discretionary Fluorides (NHMRC, 1993a) and the Consensus Conference
on the Appropriate Use of Fluorides sponsored by the Western Australian Department of
Health and University of Western Australia (NHMRC, 1993b).

These separate review processes both targeted and suggested reductions in exposure to the
known risk factors for dental fluorosis (fluoride in infant formula, the ingestion of
fluoridated toothpaste, regimens for fluoride supplementation) in children 0-6 years old. By
1993 fluoride concentration in infant formula powder manufactured in Australia (Nestle,
Sydney) or imported from New Zealand was reduced. Colgate Palmolive introduced a brand
of low concentration fluoride toothpaste in 1991, following a recommendation from the
Dental Statistics and Research Unit at the University of Adelaide (Spencer, 1989). By 1993 all
three major toothpaste manufacturers had introduced low fluoride concentration children’s
toothpaste and greater attention was provided for consumer advice on its use. The advice

was specific at using a pea-sized amount of toothpaste, using low concentration fluoride
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toothpaste, delaying toothbrushing with toothpaste until after 24 months of age, and
encouraging rinsing and expectorating after brushing. The NHMRC Expert Panel guidelines
on fluoride supplements were used by school dental services and the Australian Dental

Association.

If these measures have been widely implemented and are effective, children born post 1993
should show reduced prevalence and severity of fluorosis. Available evidence suggested a
reduction in the prevalence of fluorosis as result of reduction in exposure to fluoride in water
(Evans and Stamm, 1991; Burt, Keels and Heller, 2000; 2003). However, the effect of the
reduction in exposure to discretionary fluoride has yet to be established. Therefore, it was
necessary to document the change in dental fluorosis and caries experience in the study

population following the introduction of the measures.

The most recent contribution by Riordan (2002), aiming at evaluating the effect of the policy
initiatives, reported a reduction in the prevalence of fluorosis in Western Australian children
10 years of age compared with the findings of their previous studies (Riordan and Banks,
1991). However, comparability of the two unweighted samples in 1990 and 2000 might have
been distorted to some extent. Also, the evaluation of caries experience was only a simple
comparison of caries scores observed in the years 1990 and 2000. This comparison might
have been distorted by factors other than the policy measures alone. However, this study has
set a background for a more detailed evaluation of this community trial of the initiatives to

control fluoride exposure among children.

1.2 Rationale

The use of fluoride in dental caries prevention has been one of the most remarkable
successes in the history of public health programs. Controlling fluoride exposure in
childhood has been, is and will continue to be important in preserving the effectiveness and
reducing the risk of the measure. The introduction of the policy initiatives in Australia in the
early 1990s aimed to decrease the risk of fluorosis associated with the fluoride prevention
program by recommending an appropriate fluoride supplements schedule, reduction of the
fluoride level in infant formula, introduction of low concentration fluoride toothpaste, and
advice for appropriate use of toothpaste. These major population measures were based on
sound knowledge of the fluoride action available at that time. It was timely to evaluate the
effectiveness of the measures in balancing the caries protective effect and risk of enamel
fluorosis. It was also highly appropriate to assess the policy measures in the light of current

scientific understanding of the effect of fluoride on oral health.




1.3 Research framework

The study aimed to evaluate outcomes of the policy initiatives introduced in Australia in the
early 1990s with the objective of reducing the risk associated with fluoride use while
preserving its effectiveness. The policy initiatives would have affected Australian children
born at and after its introduction, since fluorosis is a product of fluoride exposure in early
childhood. The outcomes would be best assessed by comparing children who were likely to
be affected by the policy measures (test group) and children who were not, i.e. having their
tooth formation period before the introduction of the policies (control). The target population
to pursue the study’s objectives was, therefore, Australian children who were born
immediately before, during and after the introduction of the measures which occurred in
1993. The findings of the study, however, would be generalised to Australian children who

were born after that period.

The main objective of the study was to evaluate two sides of the balance of fluoride action:
dental caries and fluorosis. Therefore, the requirement was to gather information on possible
fluoride sources that could potentially have been affected by the policies. The data collection
process and analysis was conceptually based on available understanding of the fluoride
action. Hence, one of the main focuses of the study was the exposure measurement and its

analysis so as to understand the effect of fluoride on dental caries and fluorosis.




1.4 Study hypothesis

The primary research hypothesis of this study was that the prevalence and severity of
fluorosis reduced among children who were born after the implementation of measures to
reduce the fluoride exposure in children 0 to 6 years old. The secondary hypothesis was that
the reduction in fluoride exposure has not resulted in a significant increase in the prevalence

and severity of caries among children born after the implementation of the policies.

1.5 Specific objectives

The specific objectives of the study were:

Aim 1: to describe the patterns and time trend of fluoride exposure in South Australian

children

Aim 2: to describe the prevalence and severity of dental fluorosis among 8-13-year-old South

Australian children in 2003 /2004

Aim 3: to evaluate the inter-cohort change in the prevalence and severity of fluorosis and to

identify factors that were responsible for the change

Aim 4: to identify and quantify risk factors for dental fluorosis among South Australian

children

Aim 5: to quantify the perception of oral health and dental appearance among children and

their parents in relation to fluorosis and other contributing factors
Aim 6: to evaluate dental caries prevalence and severity among South Australian children

Aim 7: to explore the appropriateness of the measures by evaluating a “trade-off” in

associations between changes in fluoride exposures and dental caries and fluorosis.




2. Fluoride and oral health

2.1 Fluoride exposure — overview

One of the most successful programs ever carried out in the epidemiology of chronic
diseases of the mankind was the series of studies that led to the discovery of the beneficial
effect of fluoride in caries prevention. An extensive dental and medical literature has
comprehensively covered every aspect of the action of fluoride in the prevention of dental
caries. This thesis attempts only to briefly summarise several aspects of fluoride use that

relates to the research framework of this study with a focus on the Australian literature.

2.1.1 Availability, absorption, excretion and metabolism of fluoride

Fluoride is a trace element available in soil and water. As it is one of the most reactive
elements it is not found in its elemental form; however, the fluoride ion occurs almost
universally in soils and water in differing concentrations. Fluoride availability in soil and

water means that all plants and animals contain fluoride to varying extents.

Ingested fluoride is absorbed mainly from the upper gastrointestinal tract. About 80 to 90 per
cent of fluoride in food is absorbed, as is 85 to 97 per cent of fluoride in water (Cremer and
Buttner, 1970). The amount absorbed can vary, depending on the presence or absence of
cations such as calcium, magnesium and aluminium. These cations can bind the fluoride ion
and form insoluble substances (Whitford, 1983). The rate of absorption may also positively
relate to the acidity of the gastric environment (Whitford and Pashley, 1984). Trace amounts
of fluoride in blood leave the blood within minutes, concentrating in the bone and kidneys.
Most ingested fluoride is excreted by healthy individuals in the urine, with about half of the
absorbed fluoride being excreted within 24 hours (Whitford, 1983).

Fluoride in the human body is deposited mainly in calcified tissues such as bone and teeth.
Approximately 99 per cent of fluoride in the body is associated with these calcified tissues,
with the concentration in different locations varying (Weatherell et al., 1977). Dentine and
bone have a similar fluoride concentration, while the concentration in enamel can be lower
(Whitford, 1983). Enamel fluoride level is highest at the surface and reduces progressively
toward the dentine-enamel junction (DE]). This level increases from the DE] toward the
pulpal surface (Weatherell, Hallsworth and Robinson, 1972). Enamel fluoride mainly reflects
the level of fluoride exposure during the tooth formation stage, whereas dentine and bone

fluoride levels are generally the result of the dynamic metabolism of fluoride (Weatherell,




Hallsworth and Robinson, 1972). The level of fluoride measured in tooth enamel may differ

between sources of exposures available (Aasenden and Peebles, 1974).

2.1.2 Potential sources of fluoride exposure

Fluoride can be found in various quantities from barely detectable to hundreds of parts per
million (ppm). Since the discovery of its anti-caries effect, fluoride has become broadly
available for human access in a more controlled concentration. Fluoride sources are drinking
water, fluoridated salt, milk, dietary fluoride supplements, and dental care products such as

fluoride toothpaste and mouthrinse.

Water fluoridation schemes are currently available to hundreds of millions people
worldwide. The effectiveness of this scheme was supported in numerous reviews (Newbrun,
1989b; Ripa, 1993; Rozier, 1995; Spencer, Slade and Davies, 1996; NHMRC, 1999; CDC, 2001;
MRC, 2002; Burt, 2002). Canberra was the first Australian city to be fluoridated in 1964.
Fluoridation was started in South Australia in Adelaide in 1971. Currently, all major
Australian capital cities except Brisbane are fluoridated (Spencer, Slade and Davies, 1996).
Also, a large number of regional centres have been fluoridated at varying fluoride
concentrations. Other fluoridation schemes through salt or milk are available in many other
areas in the world. However, these schemes are not available in Australia since the majority

of the Australian population is covered by the water fluoridation scheme.

Fluoride toothpaste has been available for a little over three decades and currently consists
of up to 95% of the toothpaste market in western countries (Horowitz, 1999). The standard
toothpaste contains fluoride at 1000-1500 ppm in different forms. Low fluoride toothpastes
have been introduced recently and contain from 250 to 600 ppm of fluoride. High
concentration fluoride toothpastes may be available on prescription to high-risk patients.
Individuals may vary significantly in exposure to fluoride from toothpaste depending on
their toothbrushing practice. Those variations may be largely dependent on the age when
toothbrushing with toothpaste commences, the frequency of toothbrushing, the amount of
toothpaste used per brush, the type of toothpaste used, the method of clearing toothpaste

from the mouth, and eating and/ or licking toothpaste habits.

Fluoride supplementation was introduced with the aim of providing fluoride to high-risk
patients or people living in non-fluoridated areas. Fluoride tablets, drops and lozenges are
available. Evidence on the effectiveness and risk of fluoride supplements varies greatly.
However, there is one common finding that the level of accessible fluoride from these
supplements depends substantially on the methods of use and compliance issues (Ismail,

1994; Burt, 1999). Different recommendations for the use of fluoride supplements have been




made over time (Newbrun, 1992). In Australia, a new supplementation scheme was
proposed and adopted in the early 1990s to further limit the use of these means of fluoride

(NHMRC, 1993b).

Several food and nutrient sources have had fluoride present at varying levels. Infant formula
may have different levels of fluoride depending on the sources of water used during the
manufacturing process. Evidence in the late 1980s and early 1990s reported large variations
in fluoride levels measured in infant formula. Infant formula in Australia is available in
powder-concentrated form only, unlike the United States where “ready-to-feed” formula
and liquid-concentrated formula are also available. A study in Australia reported that
several types of infant formula powder had high levels of fluoride (Silva and Reynolds,
1996). Those infant formula powders, when reconstituted with fluoridated water, might

exceed the threshold level of fluoride intake.

2.1.3 Fluoride intake

Fluoride exposure during the first years of life is important not only to prevent caries, but
also in the development of fluorosis. Some research has shown that exposure during the
enamel formation period, especially the maturation of enamel, is critical for the fluorosis
aetiology and pathogenesis (Evans and Darvell, 1995; Aoba and Fejerskov, 2002). Other
research stated the importance of cumulative exposure rather than a specific period of time
(Bardsen and Bjorvatn, 1998). However, there is general agreement that excessive ingestion
of fluoride in the first years of life may pose a certain risk for developing fluorosis. Therefore,
as far as risk of fluorosis is concerned, the total amount of systemic fluoride intake and the

level of fluoride intake, where risks and benefits are balanced, are of interest.

In his pioneer studies, Dean suggested a concentration of 1 ppm fluoride in drinking water
as an optimal level where there was minimal risk for fluorosis and a high anti-caries effect
(Dean, 1935). Similarly, McClure estimated that children living in fluoridated areas would
have a fluoride intake from water and food of around 0.1 mg per kilogram body weight,
which was considered an effective and safe level (McClure, 1943). This view was supported
by a number of studies several decades ago (Ophaug, Singer and Harland, 1980b; 1980a;
1985). However, as water ceased to be the only source of fluoride, the level of fluoride in
water does not provide enough information to estimate actual intake of fluoride. Ingestion of
fluoride toothpaste, use of fluoride supplements, and consumption of certain foods and
beverages form a significant proportion of systemic fluoride intake. Later, the level of 0.1
mg/kg body weight was considered as the uppermost safe level and some authors
suggested an intake of 0.05 to 0.07 mg per kg body weight as another “optimal” level
(Ophaug, Singer and Harland, 1985). However, other authors considered these later
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recognised optimal levels to be the threshold level, an excess of which could cause fluorosis
(Fejerskov et al., 1987). Burt (1992) reviewed available evidence and concluded that fluoride
intake of 0.05—0.07 mg F/kg body weight from all sources of fluoride was the upper limit of

the useful level.

Numerous studies have reported measuring fluoride intake among children, using dietary
surveys (Ophaug, Singer and Harland, 1985; Burt, 1992) and duplicate diet techniques
(Chowdhury, Brown and Shepherd, 1990; Guha-Chowdhury, Drummond and Smillie, 1996;
Zohouri and Rugg-Gunn, 2000; Paiva, Lima and Cury, 2003). An Iowa fluoride study
following children from birth has reported detailed fluoride intake among children in
regards to different sources of fluoride. Reports of fluoride intake during two periods from
birth to 36 months and from 36 to 72 months have been published (Levy et al., 1997; Levy,
Warren and Broffitt, 2003).

Levy and Guha-Chowdhury (1999) conducting a literature review on fluoride intake in
children indicated the large variation of fluoride sources available to children in the early
childhood years. These authors stressed the importance of measuring fluoride from various
sources including water and beverages, children’s foods, fluoride supplements, and fluoride
toothpaste, which were ignored in a number of studies. Their review concluded that
individuals might have very variable levels of fluoride intake. Some 10 to 20 per cent of
children might receive an excess fluoride intake from a single source. It was speculated that
about a third of children would have excessive fluoride intake when all sources of fluoride

are combined.

The Iowa Fluoride Study provided the most comprehensive evidence of fluoride intake
among children at different ages (Levy et al., 2001; Levy, Warren and Broffitt, 2003). This was
a longitudinal investigation of fluoride intake from birth of a reasonably large sample of
children. The study collected detailed data on water and beverage use, dietary patterns, and
use of fluoride supplements and toothpaste. From that information total fluoride intake was
estimated for different age periods. The study identified that there was large variation
between children in levels of fluoride intake. The mean fluoride intake per kg body weight
was slightly higher in the first year of life. The mean and median fluctuated around 0.05 mg
per kg body weight from birth to 72 months of age. However, the 75t percentile was up to
0.10 mg per kg body weight up to the 9t month of age, and the 90t percentile could be over
0.15 mg per kg body weight. Fluoride intake from water increased from a low level in the
first 9 months of life to around 20% of total intake. The intake from toothpaste was negligible
in the first 9 months, but reached a peak of over 30% of total intake in the third and fourth

years.




Guha-Chowdhury and co-workers (1990; 1996) investigated the fluoride intake among 12-
month-old and 3-4-year-old children in New Zealand, a close and highly comparable
country to Australia. These studies found that fluoride intake among children was fairly low
both in fluoridated and non-fluoridated areas. Some children, however, had exceeded the
intake level of 0.10 mg per kg body weight. Children from non-fluoridated areas had a lower
mean intake of fluoride. The main sources of fluoride intake were once again dietary

fluoride, supplements and toothpaste.

A review for the National Health and Medical Research Council (NHMRC) (NHMRC, 1999)
used dietary data from the Australian Market Basket Survey 1994 to estimate fluoride intake
by Australian children living in fluoridated and non-fluoridated areas. The estimates varied
widely depending on residential fluoridation status and diet. There was a marked difference
in the estimates between breast-fed infants and infant formula users in both fluoridated and
non-fluoridated areas. The difference was larger in the former area when formula was
reconstituted with fluoridated water. Fluoride toothpaste contributed a significant
proportion of fluoride intake after the age of 9 months. A certain proportion of children
under one year old might have ingested the amount of fluoride that was well above the 0.05-
0.07 mg/kg body weight/day level. Although these estimates were only very approximate,
they supported the view that fluoride intake in Australian children followed the similar

trend observed in other countries.

To summarise, the available evidence suggests substantial variation in levels of fluoride
intake by children of different ages. There is evidence that a considerable proportion of
children may have fluoride intakes exceeding the threshold level and can be at risk for
fluorosis. The range of fluoride sources accessible to children has made it difficult to better
estimate total fluoride intake. Studies on the measurement of fluoride intake, except for a few
recent studies, were limited by their sample size. Those studies are difficult to conduct and

hence have found limited use in large-scale population-based research of fluoride.

2.1.4 Fluoride exposure measurement

As discussed above, fluoride intake measurement is a more precise measure of risk for
fluorosis, but the difficulty associated with this measurement restricts its use. Therefore,
measurement of the fluoride exposure pattern is often used in epidemiological research
related to both dental caries and fluorosis. This measurement can be used in large-scale
population-based studies. This characteristic of the measurement is important in generalising
research findings to the population of interest. In general, fluoride exposure measurements

would be best to mimic fluoride intake measurement - a continuous measurement of
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fluoride quantity. Exposure measurements of fluoride from several main sources of fluoride

are discussed below.

Exposure to fluoride in water in studies of dental fluorosis is often measured as a nominal
variable. Most studies have used a dichotomised residential characteristic, namely living in a
fluoridated or a non-fluoridated area (Adair et al., 1999; Osuji et al.,, 1988; Bagramian,
Narendran and Ward, 1989; Ellwood and O'Mullane, 1994a; Wiktorsson, Martinsson and
Zimmerman, 1994; Heller, Eklund and Burt, 1997, Angelillo et al., 1999; Brothwell and
Limeback, 1999; Beltran-Aguilar, Griffin and Lockwood, 2002). Recent studies by Pendrys
and co-workers (1989; 1994; 1996) separately assessed children living in fluoridated or non-
fluoridated areas. These strategies might not allow for evaluation of a dose response effect of

exposure to water fluoridation in the risk assessment of fluorosis.

Several studies classified subjects as fluoridated or non-fluoridated area residents according
to the proportion of their lifetime children spent in either area (Riordan, 1991; 1993a). These
studies divided children into living less than one year, from one to less than two and half
years, and two and half years or more in fluoridated area. This classification attempted to
order children by level of exposure to water fluoridation. However, it did not take into
account the fact that some children might not use public water. Also, residential history in
areas with a sub-optimal fluoride level in water, i.e. from 0.3 to less than 0.7 ppm, was not
accounted for. A more refined approach that was designed to estimate the per cent of
lifetime exposure to fluoride in water is used in study of the relationship between fluoride
and caries (Slade et al., 1995a; Singh, Spencer and Armfield, 2003). This approach accounted
for residential history, a three-level fluoride concentration in the water supply, and the
proportion of public water usage to calculate a continuous measurement of exposure to
fluoridated water. This measure has yet to be used in the study of dental fluorosis. A more

detailed discussion of this measure is in the section 5.2.2.1.

Measurements of patterns of fluoride toothpaste use were often differentiated as ordinal
variables in studies of dental fluorosis. The age when toothbrushing is commenced, the
amount of toothpaste used per brushing episode, and the frequency of brushing per day are
often collected. These variables can be used to estimate the amount of fluoride from
toothpaste that may be ingested by children. Other oral hygiene behaviours such as after-
brushing routine and an eating and/or licking toothpaste habit are also often measured in

studies of risk for fluorosis.

History of fluoride supplementation and the use of fluoride mouth rinsing were often
collected indicating whether a child used or did not use these schemes. The age when

children start and stop these fluoride schemes and the dosage of supplementation were also
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collected. Generally, exposure measurement data related to fluoride supplementation and

the use of fluoride mouth rinsing were less well defined.

2.2 Dental fluorosis among children — review of current

evidence

2.2.1 Aetiology and clinical appearance of dental fluorosis

Dental fluorosis is a developmental defect in tooth enamel that is caused by excessive
exposure to fluoride during the enamel formation period (Fejerskov, Manji and Baelum,
1990). Fluoride is considered a necessary factor in the aetiology of fluorosis. However, the
presence of fluoride may have an effect only during the tooth development stage. Several
authors considered a specific “window” period during enamel development as critical for
fluorosis to occur (Evans and Darvell, 1995; Aoba and Fejerskov, 2002). Other authors
suggested that the duration of fluoride exposure during the amelogenesis, rather than
specific risk periods, would have more impact on the aetiology of dental fluorosis (Den
Besten, 1999; Bardsen, 1999). However, there was general agreement that exposure during
the post-secretory or early maturation period of enamel development may pose a higher risk

for fluorosis.

Fluorosed enamel is histologically characterised by hypocalcification and subsurface porosity
(Fejerskov, Johnson and Silverstone, 1974; Sundstrom, Jongebloed and Arends, 1978;
Thylstrup and Fejerskov, 1979). Clinically, fluorosis varies from barely visible white
striations on the tooth surface to staining and pitting of enamel (Fejerskov, Manji and
Baelum, 1990). In the mild form, the structural arrangement of the crystals in the outer layer
of enamel is microscopically normal, but is more porous, i.e. the inter-crystalline space is
larger than normal. The degree and extent of porosity characterise the clinical appearance of
fluorotic enamel, and it depends on the concentration of fluoride in the tissue fluids during

the tooth development (Fejerskov, Manji and Baelum, 1990).

The mild form of fluorosis appears as white lines along the perikymata, which may merge to
form irregular areas. With increasing severity the affected area is larger, and can cover the
whole surface of the tooth. Severe fluorosis may be characterised with brownish staining,
and even minute pitting on the enamel surface. These features are mostly post-eruptive

changes (Fejerskov, Manji and Baelum, 1990).

Mild fluorotic lesions often affect the whole tooth surface and may be more visible on or near
the tip of cusps/incisal edges. The fluorotic lesion is a diffuse discoloration without clear

demarcation with normal enamel. Fluorotic teeth erupt with an opaque white colour, or even
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chalky appearance. Another typical characteristic is that fluorosis always affects homologous
pairs of teeth. These characteristics are used to differentiate mild forms of fluorosis from

non-fluorotic lesions.

The mechanism underlying the development of enamel fluorosis has not been fully
understood. There is general agreement that fluorotic enamel is formed during the period of
enamel development. Fluoride is thought to affect the enamel formation process causing
enamel porosity (Fejerskov et al., 1994). There is a clear linear relationship between fluoride
exposure and severity of fluorosis. Despite extensive literature concerning the mechanism
which leads to dental fluorosis, there are still unanswered questions. The most accepted
concept is that the fluoride ion affects the early maturation phase by causing retention of
intact and degraded proteins (Robinson et al., 1997; Aoba and Fejerskov, 2002; Robinson et
al., 2004). Proteins, mainly amelogenins, are not completely removed from the enamel organ.
The retention of proteins may explain the incomplete crystal growth that is observed in
fluorotic enamel. Enamel developed under that condition may be characterised by greater

inter-crystalline space and hence is more porous.

2.2.2 Historical trend of dental fluorosis

Dean (1942) stated that some 12.2% of children living in areas with the optimal level of
fluoride (1 ppm) had mild or very mild fluorosis. This percentage was around 1% in children
from areas with negligible levels of fluoride in water. These data were collected when water
was the only source of fluoride. They have served as the standard for the balance between
the protective effect against caries and the risk of having fluorosis in population water

fluoridation.

There have been dramatic changes in the second half of the last century when fluoride was
introduced in other forms. Water ceased to be the only source of fluoride. Studies around the
world repeatedly reported a significant increase in the prevalence and severity of fluorosis

among children.

A series of studies in the late 1980s and early 1990s examining the prevalence of fluorosis
reported an increase in the prevalence of fluorosis in both fluoridated and non-fluoridated
areas in North America (Driscoll et al., 1983; Segreto et al., 1984; Driscoll et al., 1986; Leverett,
1986; Szpunar and Burt, 1987; 1988; Ismail et al., 1990; Ismail, Messer and Hornett, 1998).
Although these studies employed different scoring methods, it was widely accepted that the
prevalence and severity of fluorosis was on a sharp increase from the 1970s. The studies also
provided evidence of a greater increase in fluorosis in non-fluoridated areas (Leverett, 1986;

Pendrys and Stamm, 1990; Bawden et al., 1992). The prevalence of fluorosis ranged from
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4.4% to 55.0% in non-fluoridated areas and from 11.4% to 80.9% in fluoridated areas, with

the majority of changes observed in the milder forms of the conditions (Clark, 1994).

Rozier (1999) reviewing studies of dental fluorosis in North American children pointed out
an increase in the prevalence of fluorosis. The increasing trend was sharper in non-
fluoridated areas whereas the trend was less clear in fluoridated areas. The majority of
fluorosis cases were mild, with around 1.3% of the US child population with moderate-to-
severe fluorosis. The author suggested that individual behaviours were the main

contributing factors to the increase in the prevalence of fluorosis.

The prevalence of fluorosis reported in European countries had a similar trend (Wenzel and
Thylstrup, 1982; Hellwig and Klimek, 1985; Clarkson and O'Mullane, 1992; Woltgens et al.,
1989). More recent studies also reported a high prevalence of fluorosis (Heller, Eklund and
Burt, 1997; Carvalho, Declerck and Vinckier, 1998). The York Review (CRD, 2000) reported a
prevalence of fluorosis of 48% in fluoridated areas and 15% in non-fluoridated areas after a
comprehensive review of 88 studies. The prevalence of the condition that was classified as

unaesthetic was 12.5% and 6.3% in fluoridated and non-fluoridated areas respectively.

In general, the prevalence of dental fluorosis was on a sharp increase in the last three
decades of the 20t century. The increase was suggested to be a result of an introduction of
numerous forms of fluoride available for children’s use. This trend drew greater attention

from the public and the profession in the late 1980s and early 1990s.

2.2.3 The prevalence and severity of dental fluorosis among

Australian children

The study of the prevalence and severity of dental fluorosis in a population is an important
step towards identifying its public health importance. These two indicators can be used not
only for purely descriptive purposes but can also serve to determine factors that are
responsible for the condition. A number of attempts have been made in Australia to assess

the prevalence and severity of dental fluorosis.

There were no published studies of dental fluorosis in Australian children prior to 1990.
Barnard (1990; unpublished) followed 259 12-year-old children in Tamworth (New South
Wale, Australia) in the period between 1967 and 1988, to find no consistent time trend of
fluorosis in the 21-year observation period. The author reported a prevalence of fluorosis of

4.1% using Dean’s index in those children in 1988.

Riordan and co-workers contributed a series of high-quality studies that provided
background information of dental fluorosis in Australia in the early 1990s (Riordan and

Banks, 1991; Riordan, 1993a). These studies investigated fluorosis among 659 12-year-old
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children in fluoridated Perth and non-fluoridated Bunbury, and among 350 7-year-old
children in fluoridated Perth, Western Australia using the TF Index. The sample was selected
from public schools where dental service centres were available. Fluoride exposure history
was collected by a parental questionnaire. The prevalence of fluorosis was 40.2% in
fluoridated and 33.0% in non-fluoridated areas among 12-year-olds and 48% among 7-year-

olds in fluoridated areas.

Puzio, Spencer and Brennan (1993) reported a study investigating dental fluorosis in South
Australian children that was nested in the Child Fluoride Study (CFS) in South Australia
conducted in 1991/92 (Slade et al., 1995a; Slade et al., 1996a; Slade et al., 1996b). The sample
for the fluorosis study (n=471) was CFS participants predominantly aged 10-15 years old
residing in South Australia. They were selected from the larger cohort of 9,690 children in
the CFS. Study subjects had already reported their socioeconomic status, fluoride exposure
history and use of dental services in the CFS data collection process. The fluorosis study
subjects and their parents were asked to complete a questionnaire about the perception of
their dental appearance and to attend a clinical examination which recorded occlusal traits
and dental fluorosis using the TF Index and Tooth Surface Index of Fluorosis (TSIF)
(Horowitz et al., 1984). The prevalence of dental fluorosis in the study sample is presented in

Table 2.1.

Table 2.1: Distribution of TF and TSIF scores among a sample of South Australian children, 1992

% of subjects with different scores

Score 0 Score 1 Score 2+
TF Index 56.2 40.5 3.3
TSIF 49.5 39.0 11.5

* From (Puzio, Spencer and Brennan, 1993)

The above-cited studies reported a high prevalence of fluorosis compared to earlier
documented levels of prevalence. The data indicated a trend of increasing prevalence of
dental fluorosis in Australian children up to the early 1990s. This trend was similar to that
observed in North American and European countries. The prevalence of fluorosis in
Australian children was higher than the median of the range of figures reported from other

areas.

2.2.4 Risk factors for dental fluorosis

There is well-established agreement that dental fluorosis can occur only during the enamel
development period. Therefore, any source of systemic fluoride available during the

amelogenesis phase may pose a level of risk for the condition. Up to now, fluoride from
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water and beverages, fluoride supplements, dietary fluoride, fluoride toothpaste, and the
number of topical fluoride applications are known sources of fluoride that can be available
systemically during the enamel formation period (Ophaug and Singer, 1988). The evidence

of these sources as risk for fluorosis will be considered below.

2.2.4.1 Fluoridated water

Fluoridated water had been the first controlled source of fluoride in the fight against dental
caries. While the caries-protective effect of water fluoridation has been well documented
(Newbrun, 1989b; Ripa, 1993; Rozier, 1995; Spencer, Slade and Davies, 1996, NHMRC, 1999;
CDC, 2001; Burt, 2002; MRC, 2002), fluoride from water has also been a known risk for

fluorosis.

When Dean conducted his path-finding studies, there was a difference found in the
prevalence of dental fluorosis between areas with varying levels of fluoride. Residence in an
area where fluoride in the water supply was around 1 ppm carried significantly higher risk
for fluorosis compared with residence in an area with a negligible level of fluoride in water.
The prevalence of mild to very mild fluorosis was about 18-fold higher in the former area
compared to the latter. However, risk of having fluorosis in an optimally fluoridated area is
now only twice as high compared to a non-fluoridated area. This phenomenon can be
explained by the universal availability of fluoride from numerous sources such as fluoride
supplements, fluoride toothpaste, and dental products. Also, the so-called “diffusion” effect
can occur, in that residents in a non-fluoridated area can be exposed to fluoride in foods and
beverages that are produced in a fluoridated area and transported for consumption into that

non-fluoridated area.

A number of published studies investigated water fluoridation as a risk factor for fluorosis
(Szpunar and Burt, 1988; Ismail et al., 1990; Riordan and Banks, 1991; Riordan, 1993a;
Skotowski, Hunt and Levy, 1995; Heller, Eklund and Burt, 1997). The odds ratios of having
fluorosis by living in an area with a fluoride level in water of 0.8 to 1.2 ppm ranged from 2 to
8.5, after being adjusted for other exposures. Studies in Australia reported that residence in
fluoridated area would have four times higher risk of having fluorosis (Riordan and Banks,
1991; Riordan, 1993a). This result was consistent with the finding of Szpunar and Burt in an

area with a similar fluoride level in the water supply (Szpunar and Burt, 1988).

Griffin and co-workers (2002) investigated the risk of having aesthetically objectionable
fluorosis that could be attributable to water fluoridation using the Dean Index and the
anterior index (a modification of the Dean Index applied for use on anterior teeth only).

Using the anterior index, fluoridation was a risk factor for very mild (attributable risk = 15%)
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and mild fluorosis (attributable risk = 3%). The risk of fluorosis (very mild or greater)
attributable to fluoridation using the Dean Index was 24%. The mean values of the risk of
perceived aesthetic problems attributable to very mild and mild fluorosis were 9% and 33%,
respectively. The authors concluded that approximately 2% of US schoolchildren might
experience a perceived aesthetic problem related to dental fluorosis which could be

attributed to water fluoridation.

2.2.4.2 Fluoride toothpaste

One of the most popular sources of fluoride is fluoride toothpaste. Introduced in the 1970s,
fluoride toothpastes consist of more than 90% of the toothpaste market in western countries
(Horowitz, 1992). Available in different forms and concentrations, fluoride toothpaste
significantly contributes to the prevention of dental caries (Marinho et al., 2003). However,
its use can be a risk factor for fluorosis as well. Children can ingest an amount of fluoride
from toothpaste that may well exceed the optimal daily intake (Rock and Sabieha, 1997;
Bentley, Ellwood and Davies, 1999; Cochran et al., 2004).

Evidence regarding fluoride toothpaste as a risk factor for fluorosis varies depending on
study design and specific aims. A number of studies could not confirm the association
between use of fluoride toothpaste and the prevalence of fluorosis (Holm and Andersson,
1982; Driscoll et al., 1983; Butler, Segreto and Collins, 1985; Kumar et al., 1989; Pendrys and
Katz, 1989). These studies, however, did not specifically aim to evaluate fluoride exposure
from toothpaste. One study (Osuji et al., 1988) using case control methodologies identified

toothbrushing with toothpaste before 25 months of age as a risk factor for fluorosis.

More recent studies were specifically designed to address the use of toothpaste as a risk
factor for fluorosis. Those studies reported a link between toothpaste and the prevalence and
severity of fluorosis (Rock and Sabieha, 1997; Ellwood and O'Mullane, 1994b; Mascarenhas
and Burt, 1998; Pendrys, 2000; Pereira et al., 2000). Some studies found that early use of
toothpaste was a risk factor for fluorosis (Maupome et al., 2003; Pendrys, Katz and Morse,
1996; Pereira et al., 2000). Another study reported higher frequency of brushing with

toothpaste as a risk indicator for fluorosis (Pendrys, Katz and Morse, 1994).

Studies that calculated adjusted attributable risk also found factors linked to toothpaste use
as risk factors for fluorosis. A study among Western Australian children living in a
fluoridated area reported that 47% of fluorosis cases were attributed to swallowing
toothpaste in infancy (Riordan, 1993a). Another study (Pendrys, Katz and Morse, 1994)
reported that 72% of fluorosis cases could be explained by commencement of toothbrushing

in the first two years of life. Using more than a pea-sized amount of toothpaste more than
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once per day in a fluoridated population attributed to 46% of fluorosis cases, whereas
brushing more than once per day in the first two years of life by children in non-fluoridated

areas explained a third of fluorosis cases (Pendrys, 2000).

There are recommendations to reduce fluoride intake from fluoridated toothpaste by using a
lower concentration of fluoride toothpaste and implementing stricter guidelines for its use
(Horowitz, 1992). Low concentration fluoride toothpaste is available for use in a number of
countries including European nations and Australia. Its use was reportedly linked with a

lower prevalence of fluorosis among children in a clinical trial (Holt et al., 1994).

2.2.4.3 Fluoride supplements

Fluoride supplements have been used to prevent dental caries in children for more than half
a century. They are available in the form of tablets, drops or lozenges. These supplements are
recommended for children living in fluoride-deficient places. Dosage schemes are available
to guide their use based on the age of the child and on the fluoride level of drinking water
(Driscoll and Horowitz, 1979; Dowell and Joyston-Bechal, 1981; Riordan, 1993b; 1997; 2001b).
However, evidence is available that fluoride supplements are prescribed to children without
taking into account the level of fluoride in drinking water (Pendrys and Morse, 1990;
Szpunar and Burt, 1990; Lalumandier and Rozier, 1995). Supplement use has been linked

with low compliance with recommended dosage schedules (Riordan, 1996).

Numerous studies identified fluoride supplement use as a risk factor for fluorosis both in
fluoridated (Pendrys, Katz and Morse, 1994; Pendrys and Katz, 1998; Kumar and Swango,
1999) and fluoride-deficient areas (Pendrys and Katz, 1989; Lalumandier and Rozier, 1995;
Pendrys, Katz and Morse, 1996; Wang, Gropen and Ogaard, 1997; Jackson et al., 1999; Kumar
and Swango, 1999; Brothwell and Limeback, 1999). Odds ratios of having fluorosis by use of
supplement in fluoridated areas vary from 10.8 (95% CI: 1.9-61.6) to 23.7 (95% CI: 3.4-164.3)
(Pendrys, Katz and Morse, 1994; Pendrys and Katz, 1998). The likelihood of having fluorosis
linked to fluoride supplement use in a non-fluoridated area was reported at 6.5

(Lalumandier and Rozier, 1995).

Ismail and Bandekar (1999) reviewed ten cross-sectional/case control and four follow-up
studies of the relationship between supplement use and fluorosis in non-fluoridated areas.
The meta-analysis using the Mantel-Haenszel method reported odds ratios of the association
between any use of fluoride supplement and fluorosis of 2.3 (95% CI: 1.5-3.4) and 6.6 (95%
CI: 2.9-15.2) observed in the cross-sectional/case control and follow-up studies, respectively.
Therefore, the risk of fluoride supplement use for having fluorosis is well confirmed.

Recommendations were made to reduce the available dosage schedule (Newbrun, 1999) as
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well as eliminate fluoride supplement use in children (Burt, 1999). These recommendations
were incorporated into guidelines published by major dental research bodies (NHMRC,
1993a; CDC, 2001; AAPCN, 1995).

2.2.4.4 Fluoride from foods

Children can be exposed to differing levels of fluoride available from their diet during the
tooth formation period. Various foods have been found to contain varying amounts of
fluoride (Levy, Kiritsy and Warren, 1995; Heilman et al., 1997, Fomon and Ekstrand, 1999;
Levy, Warren and Broffitt, 2003). Several infant foods were also found to have high levels of
fluoride, such as mechanically processed chicken (Fein and Cerklewski, 2001). Food sources
have been found to be risk factors for fluorosis in a number of African populations (Yoder et
al., 1998; Awadia et al., 2000). However, those sources of fluoride are not available in western

countries like Australia.

In the last decade, infant formula was often found to have high levels of fluoride and could
potentially be responsible for a certain proportion of fluorosis in children (Mascarenhas,
2000; Pendrys, 2000). In Australia before the 1990s, the fluoride content of milk-based
formula ranged from 0.23 to 3.71 and for soy-based formula from 1.08 to 2.86 micrograms of
fluoride in a gram of powder (Silva and Reynolds, 1996). Infant formula was considered a
risk factor for fluorosis in a number of studies (Pendrys and Katz, 1989; Clark et al., 1994;
Pendrys, Katz and Morse, 1994; Pendrys and Katz, 1998). Mild-to-moderate enamel fluorosis
on early forming (Fluorosis Risk Index (FRI) classification I) enamel surfaces was strongly
associated with both milk-based (odds ratio (OR) = 3.34, 95% confidence interval (CI) 1.38-
8.07) and soy-based (OR = 7.16, 95% CI 1.35-37.89) infant formula use (Pendrys, Katz and
Morse, 1994). It has been recommended that powder concentrate infant formula be

reconstituted with water low in fluoride (Fomon, Ekstrand and Ziegler, 2000).
2.3 Dental caries among Australian children

2.3.1 Prevalence and severity of dental caries among Australian

children

There has been a continuous program in Australia, the Australian School Dental Scheme
Evaluation Program and the Child Dental Health Survey, designed to monitor dental caries
in children throughout the country since 1977 (Carr, 1982; 1983; 1988; Armfield et al., 2003;
2004). Comprehensive data on dental caries among Australian children have been collected

annually and evaluated.
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In general, the trend of dental caries in Australian children was similar to that of other
western countries (Marthaler, 2004). The prevalence and severity of dental caries in
Australian children decreased dramatically in the second half of the 20t century (Spencer et
al., 1994). The DMFT score of 12-year-old Australians was as high as 12 teeth in the 1950s,
with a very high proportion of untreated decay. Almost all children of this age were affected
by caries (Barnard, 1956). The prevalence and severity of caries in children have decreased
since the introduction of water fluoridation and the use of fluoride toothpaste in Australia.
This trend continued through to the early 1990s, when the mean permanent DMFT score of
12-year-old children was 1.2 teeth. There were very few permanent teeth missing due to
caries in this age group. The trend of deciduous caries in 6-year-old children followed a
similar trend. The mean deciduous dmft of 6-year-old children was around 2.0 in the early

1990s (Davies, Spencer and Slade, 1997).

The caries experience in Australian children continued to decline in the first half of the 1990s
(Armfield, Roberts-Thomson and Spencer, 2003). However, the decreasing trend was
significantly slower, and reached a plateau in 1996 with a dmft score of 1.45 among 6-year-
old children and 1.69 among 8-year-old children. Some slight increases in mean deciduous
dmft scores were observed in the second half of the last decade in children aged from 5 to 9
years. In the year 2000, the mean dmft of Australian children aged six and eight years was
1.65 (SD 2.73) and 1.82 (SD 2.61), respectively (Armfield et al., 2004). The per cent of caries-
free children of those two ages were 56.6% and 51.1%, respectively. Around 65% of 12-year-
old children did not have caries on their permanent teeth and the mean permanent DMFT

score was 0.84 (SD 1.60).

2.3.2 Caries and fluoride exposure

Fluoride use is one of the most frequently cited reasons for the decline in dental caries
among children (NHMRC, 1991; 1999; CDC, 2001, MRC, 2002). Fluoride has been the
cornerstone of modern dental caries management. The child populations in many countries

have exposure to numerous sources of fluoride, which continue to control dental caries.

Numerous studies have been published stating the effectiveness of fluoride use in the
population worldwide. Water fluoridation has been, is and continues to be one of the main
measures to control dental caries in children (Ripa, 1993; Spencer, Slade and Davies, 1996).
Hundreds of millions people worldwide have access to a constant low dose of fluoride every
day. There is little doubt about the effectiveness of water fluoridation in preventing caries in
children. Evidence from the 1950s onward suggested a 40% to 60% decrease in caries
experience between children living in fluoridated and non-fluoridated areas before 1979, and

around 20% to 40% in the following decade (Newbrun, 1989a). This difference is now much
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narrower owing to the universal availability of fluoride from numerous sources. However,
the effectiveness of water fluoridation in the prevention of dental caries continues to be
supported (NHMRC, 1999; CRD, 2000). The York Review (CRD, 2000) confirmed the
effectiveness of water fluoridation in reducing caries. The reduction in caries experience
attributed to water fluoridation was greater in areas with higher baseline levels of caries
experience. The meta-analysis estimated a 15% increase in the proportion of caries-free
children and a decrease of 2.2 in the mean number of decayed, missing or filled teeth

(dmft/DMFT) that were related to water fluoridation.

The benefit of water fluoridation in prevention of caries of Australian children was
evidenced in the Child Fluoride Study 1991/92 (Slade et al., 1995a; 1996b). A difference of 2.0
surfaces with deciduous caries experience between fluoridated Townsville and non-
fluoridated Brisbane had both statistical and practical significance. The effects of water
fluoridation were weaker for caries experience in permanent dentition. However, the

association still existed after controlling for socioeconomic factors.

Fluoride toothpaste has also had a significant impact on dental caries experience in children
since its introduction three decades ago. A systematic review of randomised clinical trials on
fluoride toothpaste confirmed its effectiveness (Marinho et al., 2003). The prevented fraction
of permanent decayed, missing, and filled surfaces attributed to fluoride toothpaste was 24 %
(95% CI: 21%-28%). The effectiveness of toothpaste was significantly related with frequency
of brushing, concentration of fluoride in toothpaste, and baseline caries experience. Studies
of the effectiveness of low concentration fluoride toothpaste were scarce and reported

conflicting results (Winter, Holt and Williams, 1989; Stephen, 1993; Bloch-Zupan, 2001).

Fluoride supplements have been used in caries prevention for several decades. Evidence of
their efficacy in preventing caries, however, is conflicting, leading to several authors
suggesting a re-evaluation of fluoride supplements use in children (Szpunar and Burt, 1992)
(Ismail, 1994; Riordan, 1996; Burt, 1999; Riordan, 1999). Others have supported the retention
of a controlled use of fluoride supplements (Moss, 1999). In general, fluoride supplement use
is limited owing to its poor compliance with dosage regimens by both users and dental
professionals. A number of public health bodies have made recommendations for a more

limited use of fluoride supplement in children (NHMRC, 1993b; NHMRC, 1999; CDC, 2001).

2.4 Effect of a change in fluoride exposure on the pattern

of dental fluorosis and caries

A number of studies have investigated the change in prevalence and severity of dental

fluorosis as result of a change in fluoride exposure. The change in fluoride exposure in water
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might be intentional, such as when the fluoride level in water was lowered in Hong Kong
(Evans, 1989), or owing to a technical breakdown (Burt, Keels and Heller, 2000; 2003).
Differences between fluoridated and non-fluoridated areas can be considered to be
variations in exposure. Variation in fluoride exposure related to toothpaste has been

evaluated in a clinical trial of fluoride toothpaste (Holt et al., 1994).

Evans and Stamm (1989) evaluated the effect of a downward adjustment of fluoride level in
drinking water from 1 ppm to 0.7 ppm on fluorosis experience of children. This study used
Dean’s Index to record the fluorosis status of children born in six birth cohorts. Very mild
fluorosis on one maxillary incisor was used as a threshold for the case definition for fluorosis
to enable comparison between different birth cohorts. Some 1062 children aged from 7 to 12
were included in the study. The prevalence of fluorosis (very mild or greater) decreased from
64% to 47%. The Community Fluorosis Index score also decreased from 1.01 to 0.75 across
birth cohorts. The authors concluded that fluorosis experience among Hong Kong children
was reduced following the adjustment of fluoride in the water supply. However, any effect
of the downward adjustment of the fluoride level in water on caries experience has not been

evaluated in this study.

Burt, Keels and Heller (2000; 2003) reported a series of comprehensive studies which aimed
to investigate the effect of an 11-month break in water fluoridation on caries and fluorosis.
Data on five (Burt, Keels and Heller, 2000) and seven (Burt, Keels and Heller, 2003)
successive birth cohorts were collected and analysed. Children who were born before, at, and
after the break in water fluoridation were selected and examined for fluorosis and caries
using the TF Index. The successive birth cohorts were compared to evaluate the trend of

fluorosis and caries that might be related to the break in fluoride exposure.

The authors reported no significant effect of the break in fluoride exposure on caries
experience of the first and second premolars in children born before, at or after the break in
water fluoridation. There was a cohort effect in the prevalence of dental fluorosis reported in
the first publication of the series (Burt, Keels and Heller, 2000). Children who were four or
five years old at the time of the break had a significantly higher prevalence of fluorosis,
defined as having a TF score of 1, compared to children who turned two or three at that time.
Children who were three years old at the break had the lowest prevalence of fluorosis, which
was defined as having a TF score of 2 on the upper incisors. Based on results of the first
phase of the series, the authors suggested that dental fluorosis was highly sensitive to even
minor changes in fluoride exposure from water, whereas caries was less affected. However,
results of the second phase did not confirm the fluorosis reduction effect of the break in
water fluoridation when two younger cohorts were included in the study (Burt, Keels and

Heller, 2003). The later cohorts had a prevalence of fluorosis similar to those who had their
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fluoride exposure interrupted in the early development stage. This rather unexpected result
indicated possible wider changes in fluoride exposure among children during recent times.
Overall, the studies succeeded in pursuing their aims. The methodology used in the studies
set a benchmark for evaluating the effect of a change in fluoride exposure on fluorosis and

caries.

A comprehensive study was carried out to compare fluorosis and caries between children
from a fluoridated and a non-fluoridated area (Stephen et al., 2002). Children were examined
for dental fluorosis and caries. Fluoride exposure history was also collected. The
examination was conducted in a neutral site. Therefore, examiners conducting the clinical
examinations were not aware of the child’s residential status or fluoride exposure history.
Children who lived in the fluoridated area had superior dental health in terms of dental
caries status compared with their counterparts in the non-fluoridated area. The prevalence of
fluorosis was significantly higher among children living in the fluoridated area. However,
the aesthetically discernable level of fluorosis was low and similar among children with

exposure to different levels of fluoride in water.

A clinical trial of the effect of different concentration fluoride toothpastes on enamel
opacities and dental caries was carried out among 1523 5-year-old children (Holt et al., 1994).
The 3-year study tested the effect of 550-ppm fluoride toothpaste versus 1100-ppm fluoride
toothpaste as control. Children had photographs of their teeth scored for fluorosis using the
TF Index (Fejerskov, Manji and Baelum, 1988). Children who used 550-ppm fluoride
toothpaste had a significantly lower prevalence of fluorosis, defined as having a TF score of 2
or more on the maxillary incisors. When all examined teeth were considered, the test group
had a significantly lower prevalence of fluorosis, defined as having a TF score of 1 or higher
and as having a TF score of 2 or more. Those same children had a slightly higher prevalence
of dental caries. This trend was not statistically significant, however. The study indicated
that using lower concentration fluoride toothpaste could reduce the prevalence of fluorosis

without a significant increase of caries.

2.5 Dental appearance — perception and psychological
impact

Numerous studies have demonstrated that poor dental appearance could negatively affect
psychological wellbeing (Shaw, 1981; Shaw and Humphreys, 1982; Shaw et al., 1985).
Children with a normal dental appearance could be judged by laypersons to be better
looking, more desirable as friends, more intelligent, and less likely to behave aggressively

(Feng, Newton and Robinson, 2001; Newton, Prabhu and Robinson, 2003). The psychological
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impact of the colour of anterior teeth was reported to be as important as other occlusal traits
such as crowding and overbite (Spencer, Slade and Davies, 1996). A number of cross-
sectional studies reported that people with stained teeth were often considered as having
poor general and oral health, lower intelligence, poorer personal hygiene and a lack of social
skills (Hawley, Ellwood and Davies, 1996; Astrom, Awadia and Bjorvatn, 1999; Astrom and
Mashoto, 2002).

There has been some controversial evidence suggesting that children with poorer dental
appearance in general may develop psycho-behavioural problems. Children with poor
dental appearance may be disruptive at school or academically underachieve (Richman and
Eliason, 1982). There is some evidence suggesting a link between severe forms of fluorosis
and behavioural problems (Rodd and Davidson, 1997). Another study did not find a
significant association between fluorosis and children’s behaviour using the Child Behaviour

Checklist (Morgan et al., 1998).

There has long been an assertion that mild dental fluorosis was not discernible to the affected
persons and their surroundings. However, recent evidence has suggested otherwise.
Children who had more severe fluorosis expressed increasing concerns about their tooth
colour (Clark et al., 1993). Riordan reported that laypersons could distinguish between
different fluorosis levels (Riordan, 1993c). The same study reported that in response to a
statement “teeth look pleasing”, there was an increasing level of disagreement with
increasing fluorosis severity. Parents were at least as sensitive as clinicians about dental
appearance (Riordan, 1993d). A study in the UK reported that higher fluorosis severity was
increasingly noticeable to parents of affected children (Sigurjons et al., 2004), but also found
that the presence of fluorosis was not always linked with dissatisfaction with the appearance

of teeth.

A South Australian study of fluorosis among children reported on the perception of dental
appearance by children and their parents (Hoskin and Spencer, 1993). The study design has
been described elsewhere in this chapter (Section 2.2.3). Children and their parents who had
fluorosis often noticed tooth discoloration. Fluorosis, defined by TSIF score, was the
contributing factor in the perception of tooth colour by both children and their parents (Table
2.2). Parents and children reported a significant impact of fluorosis on colour of teeth. The
psychological impact of fluorosis was also significant, especially among children, even in the

presence of malocclusion.

Table 2.2: Oral health predictors of four aspects of appearance and psychosocial impact among

South Australian children, 1993

Predictor variables Colour of teeth Teeth appearance Face appearance Psychological
scale
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Parent’s scores

TSIF 0.33 - - 0.1
Overjet - 0.22 - 0.12
Crowding - 0.41 - 0.24

Child’s scores

TSIF 0.29 0.11 - 0.17
Overjet - 0.22 - 0.10
Crowding - 0.35 - 0.18

* Numbers in the table are significant (p <0.05) standardised regression coefficients from least squares regression models in
which dependent variables were subscale scores for appearance (three subscales) and psychosocial impact (one subscale).
From (Hoskin and Spencer, 1993)

While there is ample literature investigating the impact of fluorosis on an individual’s
perception of their dental appearance, there has been a lack of attention in exploring the
potential impact of dental fluorosis on one’s perception of oral health and the impact on
quality of life. Elsewhere, more severe fluorosis (TF score of 4 or higher) was found to have a
psychological impact on affected children (van Palenstein Helderman and Mkasabuni, 1993).
Other studies reported no impact of mild fluorosis on psychological dimensions (Peres et al.,
2003; Robinson et al., 2003). Tooth discoloration caused by fluorotic lesions with an effect on
dental appearance may have an impact on the quality of life of affected individuals and their
surroundings. On the other hand, as far as a balance between the risks and benefits of
fluoride use is concerned, having some fluorosis may be tantamount to having lower caries
experience. Dental caries per se has an impact on the perception of oral health and its related
quality of life (Reisine, 1988). The question arising is, therefore, to what extent may there be a
trade-off between dental fluorosis and caries in terms of the perception of oral health and

oral health-related quality of life.

2.6 Initiatives to control fluoride exposure in Australia

In Australia a policy response to these issues was developed through the NHMRC Working
Group report on the Effectiveness of Water Fluoridation (NHMRC, 1991), an NHMRC Expert
Panel on the Use of Discretionary Fluorides (NHMRC, 1993b) and the Consensus Conference
on the Appropriate Use of Fluorides sponsored by the Western Australian Department of
Health and University of Western Australia (NHMRC, 1993a).

These separate processes targeted reductions in exposure to known risk factors for dental
fluorosis (fluoride in infant formula, the ingestion of fluoridated toothpaste, regimens for
fluoride supplementation) in children aged 0-6 years old. By 1993 fluoride concentration in
infant formula powder manufactured in Australia (Nestle, Sydney) or imported from New

Zealand was reduced. Colgate Australia introduced a brand of low concentration fluoride
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toothpaste (My First Colgate toothpaste (400 ppm of fluoride)) specifically for children’s use
in 1991 (Robinson, 2004). By 1993 all three major toothpaste manufacturers had introduced
low fluoride concentration children’s toothpaste with a greater emphasis placed on
consumer advice regarding its use. Other toothpastes introduced for children’s use included
Macleans Milk Teeth (530 ppm of fluoride) and Oral B children’s toothpaste (500 ppm of
fluoride). The NHMRC Expert Panel guidelines on fluoride supplements were used by
school dental services and the Australian Dental Association (NHMRC, 1993b).

2.7 Early evaluation of the policy initiatives

Riordan (2002) conducted a study of dental fluorosis in 10-year-old children in Western
Australia in 2000, aiming at evaluating the effectiveness of the policy initiatives introduced
some seven years earlier. Children from Perth and Bunbury, the two sites of the previous
fluorosis studies (Riordan and Banks, 1991; Riordan, 1993a), were examined for fluorosis
using the TF Index. Caries experience was also recorded at the examination. A questionnaire

collected information on fluoride exposure history.

The study found that about a quarter of the children reported using low fluoride toothpaste,
with some 40 (7.0%) children reporting to use fluoride supplements. The use of fluoride

supplements was almost exclusively in the non-fluoridated town of Bunbury.

The author defined fluorosis as having a TF score of 1 or higher on the upper right central
incisor. The overall percentage of the children with fluorosis based on this case definition
was 18.0%, with 22.2% and 10.8% in fluoridated Perth and non-fluoridated Bunbury,
respectively. Over 80% of cases had a TF score of 1 and 18% had a TF score of 2. Residence in

a fluoridated area was the only significant risk factor for fluorosis in this study sample.

The author claimed a reduction in the prevalence of fluorosis in Western Australian children
compared to the finding of the 1990 study of 12-year-old children by the same author, with a
reported percentage of children with fluorosis of 40.3% and 33.0% in fluoridated Perth and
non-fluoridated Bunbury, respectively (Riordan and Banks, 1991). Also, the author compared
caries experience of the study sample in 2000 (reported mean DMFT: 0.3) with that of the 10-
year-old Western Australian children in 1990 (mean DMFT: 0.84). Hence, two main
conclusions were drawn: the policy initiatives were effective in reducing the prevalence of

dental fluorosis, and these changes did not cause an increase in dental caries experience.

While findings of that study were promising, there were still limitations associated with the
study. First, the study sample was born in 1990, and hence was less likely to be affected by
changes in fluoride exposure initiated in 1993 if the development period of upper central

incisors was of interest in terms of fluorosis status. Outcome of the measures might be
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attenuated if evaluated using this age group. Second, the two study samples (1990 and 2000)
were unweighted and therefore might not be representative of the population. The
percentage of children with fluorosis in those samples might not be directly comparable.
Lastly, a direct comparison of caries experience between 10-year-old children in 1990 and 10-
year-old children in 2000 might be unsuitable. There were possibilities that the trend in caries
between the two time points was affected by a number of factors other than the policy
initiatives alone. That decade was characterised by a period of decrease followed by several
years of increase in the prevalence and severity of caries experience of Australian children
(Armfield, Roberts-Thomson and Spencer, 2003). Data of caries experience of 10-year-old
Western Australian children (DMFT: 0.8) (Armfield, Roberts-Thomson and Spencer, 2003)
was markedly higher than that reported by Riordan in that study (DMFT: 0.3). Combining all
of the above, findings of that study served as early information of a change in the prevalence
of fluorosis in Australian children. Further investigation was required to evaluate the
effectiveness of the policy initiatives aimed at controlling fluoride exposure in Australian
children. A methodology used to evaluate the time trend of fluorosis by Burt and co-workers
(2000; 2003) was deemed more appropriate to evaluate the effectiveness of the policy

initiatives.
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3. Research Methodology

This chapter outlines the method of sampling, the mode of data collection employed, the
data collection instruments and data items, aspects of sample size and power, and the

analytical approach.

3.1 Study design

The study was nested within the Child Oral Health Study (COHS) which was conducted in
South Australia in 2002-03. This nested study was designed with both cross-sectional and
retrospective components. Four types of data were collected: a retrospective fluoride history
and current dietary and socioeconomic status drawn from the COHS questionnaire;
retrospective caries experience data collected from School Dental Service clinical records;
data on child and parent perception of current dental appearance and oral health; and
clinical data on fluorosis. The data collection process for each of the four types of data is

described in detail in this chapter.

3.1.1 The Child Oral Health Study

The Child Oral Health Study is a large-scale population-based study in Australia designed to
investigate children’s oral health and related factors. The objectives of the study were to
document the prevalence and severity of dental caries among 5-17-year-old children and
analyse their association with different exposures to fluoride. The study was designed as a
multisite epidemiologic study involving South Australia, Victoria, Tasmania, and
Queensland. The population consisted of children enrolled in the South Australia School
Dental Service (SA SDS). Children were sampled in a multistage stratified random sampling
process. Four strata in South Australia were defined: metropolitan fluoridated, metropolitan
non-fluoridated, non-metropolitan non-fluoridated, and non-metropolitan fluoridated. The
sampling frame in South Australia were children aged 5 to 17 years. Sampling ratios were
calculated based on the number of children enrolled in SA SDS clinics in the previous twelve

months in each stratum.

Equal numbers of children were targeted for each stratum, independent of their population
size. Children enrolled at SA SDS clinics were selected based on their date of birth. The clinic
staff were instructed to describe the study to the children and their parents and invite them
to participate. Upon agreeing to participate in the study, parents of eligible children were
given a package containing an information sheet, a consent form, a reply-paid self-addressed

envelope and a questionnaire. Completed questionnaires and consent forms were returned
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directly to the Australian Research Centre for Population Oral Health (ARCPOH). Non-
respondents were followed up three times to achieve the desired response rate. The response

rate achieved during the course of the study in South Australia was over 67 %.

The clinic staff were given detailed instructions on how to examine children for cavitated
and non-cavitated lesions and how to record the examination results into the electronic data
management information system EXACT. The data were managed centrally by the South
Australian Dental Service’s Information Technology department and transferred to

ARCPOH on a regular basis for analysis.

Full procedures of the selection of subjects, the enrolment package delivery, and the clinical
examination and recording manuals were detailed in a COHS Manual for Staff of School

Dental Service, which can be viewed in Appendix 2.
3.1.2 Sampling strategy for this nested study

3.1.2.1 Study design

The COHS participants in South Australia served as the sampling frame for this nested
study. The aim was to select children born before, at, and after the introduction of the new
policy initiatives that aimed at controlling fluoride exposure in 1993. Therefore, the decision
was made to target children born between 01 January 1989 and 31 December 1994 inclusive.
The assumption for this selection was that the 89/90 birth cohorts were less likely to be
affected by the policy initiatives. Children who were in the following 91/92 birth cohort
were born before the initiatives but they might be affected by the measures to some extent.
Therefore, these children could serve as a transitional group. Children of the latest 93/94
birth cohort were born and grew up during and after the introduction of those initiatives. It
was assumed that this birth cohort would be affected by the changes in fluoride exposure as
a result of the policy initiatives. Children who were born after 31 December 1994 were not

included because they might have only a few or no permanent teeth erupted.

In the sampling scheme for the COHS, Adelaide and Mount Gambier entirely represented
two sampling strata: metropolitan fluoridated (Adelaide) and metropolitan non-fluoridated
(Mt Gambier). These two areas were therefore automatically selected for this nested study.
The third stratum, non-metropolitan non-fluoridated, consisted of several small towns.
Bordertown and Kingscote were subsequently selected from this stratum. A decision was
made not to include the non-metropolitan fluoridated stratum in this nested study because
those areas had been fluoridated only recently. Consequently, water fluoridation might have

varying effects on fluorosis experience of the three birth cohorts born in those particular
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areas depending on when fluoridation was introduced. Inclusion of those areas was out of
the scope of this study. A schematic presentation of the study design, sample selection, and

data collection is shown in Figure 3.1.
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Figure 3.1: Study sample selection and data collection scheme
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3.1.2.2 Sample size

The sample size was calculated to achieve several study objectives. It addressed the two
study hypotheses, namely to test for a significant difference in the prevalence of fluorosis
between age cohorts and whether caries experience was not significantly different between
birth cohorts. The first hypothesis was tested with clinical examinations for fluorosis. The
second hypothesis was tested with retrospective caries experience at an anchor age, which
was collected from clinical records of the COHS participants. Children were divided by date
of birth into three age groups: born 1989/1990; born 1991/1992; and born 1993/1994. A
program PS Power and Sample Size Calculations, Version 2.1.30, 2003 by Dupont and
Plummer was used to calculate required sample size. This program was available online at

http:/ /www.mc.vanderbilt.edu/prevmed/ps/index.htm.
Sample size requirements for each of the hypotheses were as follows.

Hypothesis 1: The required sample sizes were calculated based on the expected rate ratio.
The sample size that was required to detect a difference in the prevalence of fluorosis among
children of each age group with 80% power and a significance level of 0.05 (two-side) was
calculated on an expected population prevalence of 40%. A difference of 30% in the
prevalence of fluorosis was deemed as clinically meaningful to test the difference between
exposure groups (Burt, Keels and Heller, 2000). The estimated total required sample size was

630 children.

The estimated response to the dental perception questionnaire was 65%, while the estimated
response of questionnaire respondents to clinical examination was 75% (based on averaged
response rates reported from other similar studies conducted by ARCPOH (Puzio, 2000)).
Therefore, the initial sample of COHS participants required to achieve the above number of

clinical examinations was 1294 children.

Hypothesis 2: The sample size required to detect a 25% difference in population mean
decayed, missing and filled deciduous surfaces (dmfs) with 80% power and significance
level of 0.05 (population mean dmfs at 8 years of age in South Australia was 2.50, SD: 4.02
(Armfield, Roberts-Thomson and Spencer, 2003)) was calculated. The sample size required

for one group was 448 subjects. The total calculated required sample for three groups was

1344 children.

Overall, the total sample size required was at least 1344 children. Incomplete caries data and
questionnaire data was expected in 5% of children. Therefore, the final total sample size
required was 1400 children. In order to achieve this sample size, a decision was made to

approach all eligible children who participated in the COHS in the selected areas. Based on
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the turnout rate of children attending school dental clinics in those areas, an estimated time

frame for the recruitment period was approximately nine months.

3.1.3 Ethical clearance

Ethical approvals were given from the University of Adelaide Human Research Ethics
Committee. The ethical clearance for the collection and use of dental caries and fluoride
exposure data was given for the Child Oral Health Study. A separate ethical clearance was
given for conducting the dental perception questionnaire survey and the clinical examination
for fluorosis. A formal approval from the Executive Board of the South Australian Dental

Service was received before the commencement of the study.

3.2 Data collection instruments and methods of execution

The data collection process of this project employed a number of data types and different
data collection instruments. It consisted of retrospective data collection and collection of
concurrent data. Each data collection instrument and the executing methods will be

discussed in detail in Section 3.2.1 through to Section 3.2.6.

3.2.1 Child Oral Health Study questionnaire

In 2002, the staff from ARCPOH designed a questionnaire to be used in the COHS. Specific

questions were included to address a number of research objectives.

Fluoride exposure in childhood was the main objective of the questionnaire. The
questionnaire contained a series of questions relating to children’s toothbrushing habits, use
of toothpaste, fluoride supplements and use of products that might contain fluoride.
Residential history was specifically collected to enable calculation of lifetime exposure to
fluoride. Parents were asked to list all locations where their child resided for more than six
months. Details of types of water used at each location were also sought. Other questions

sought information about infant formula use and other dietary factors.

Information was also collected on the use of the dental service, general health and family
socioeconomic status. The self-rated oral health of parents and parental attitude towards

their children’s oral health were also collected.

A draft of the questionnaire was pilot-tested among groups of parents of children attending
School Dental Service clinics. A number of changes were subsequently made based on results
of the pilot test and group discussions. This draft of the questionnaire was reviewed and
commented on by a number of oral epidemiological experts. The questionnaire was then

finalised. The whole questionnaire can be viewed in Appendix 1.
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3.2.2 Dental caries measurement

Data describing dental caries experience were collected by the dental therapists or dentists
who examined children at SA SDS clinics at the time of the periodic examination. These
procedures had been in use for many years during the Child Dental Health Survey of
Australia and the Child Fluoride Study 1991/92 (Carr, 1988; Slade et al., 1995a; 1996a; 1996b;
Armfield et al., 2003; 2004). Written instructions were provided to clinical staff concerning
the assessment of caries experience. The instructions were based on the World Health
Organisation’s criteria (WHO, 1987; 1998) and the National Institute of Dental Research
(NIDR, 1987). Individual tooth surfaces were classified as decayed, filled because of caries or
missing because of caries. An additional code designated surfaces that contained fissure
sealants and that were otherwise sound and not restored. Five surfaces were coded for each
molar and premolar tooth and four surfaces were coded for each incisor and canine tooth.
For the deciduous dentition, additional guidelines were used to distinguish between teeth
missing due to caries and teeth that might have been exfoliated (Palmer, Anderson and
Downer, 1984). The clinical staff were trained in assessment and recording of dental caries
following the instructions. However, there were no additional procedures for calibrating

examiners.
3.2.3 The measurement of dental fluorosis

3.2.3.1 Approaches in the measurement of fluorosis

Enamel fluorosis is a developmental defect of the tooth appearance. It is one of numerous
discolorations observed on the tooth’s enamel surface. Instruments available to record such
developmental changes of enamel can be divided into descriptive and fluorosis-specific
indices. The descriptive indices do not specifically diagnose fluorosis but rather describe the
appearance of discoloration on the tooth surface. They include the Developmental Defects of
Enamel (DDE) Index (FDI, 1982), Murray-Shaw Index (Murray and Shaw, 1979) and Al-
Alousi Index (Al-Alousi et al., 1975). Among these indices, the DDE Index is the most
commonly used. These indices, however, do not allow for estimation of the prevalence of
dental fluorosis. Therefore, they are not relevant instruments for this study, which

investigated fluoride-related development changes.

The fluorosis-specific indices initially diagnose dental fluorosis and then record it according
to a range of severity levels. These indices are the Dean Index (Dean, 1942), the Thylstrup
and Fejerskov (TF) Index (Fejerskov, Manji and Baelum, 1988), the Tooth Surface Index of
Fluorosis (TSIF) (Horowitz et al., 1984), the Fluorosis Risk Index (FRI) (Pendrys, 1990) and
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the Chronological Index of Fluorosis (Evans, 1993). These indices are more relevant to this

study and will be discussed in more detail in Section 3.2.3.3.

3.2.3.2 Differential diagnosis of fluorosis

Clinical diagnosis of mild form of enamel fluorosis is often problematic owing to similarities
in its appearance with other non-fluorotic enamel conditions (Russell, 1961). In order to
document the presence/absence of fluorosis in a person and/or an individual tooth, a
differential diagnosis of the condition is required. The differential diagnosis is based on
specific characteristics of fluorotic lesions such as bilateral symmetry, colour or shape of
lesion. The criteria developed by Russell (1961) and presented in Table 3.1 are the most
widely accepted.

Table 3.1: Differential diagnostic criteria for dental fluorosis (Russell, 1961)

Characteristics

Dental fluorosis

Enamel opacities

Area affected

The entire tooth surfaces (all surfaces)
often enhanced on or near tips of
cusp/incisal edge.

Usually centred in smooth surface of
limited extent

Lesion shape

Resemble line shading in pencil sketch,
which follow incremental lines in enamel
(perikymata). Lines merging and cloudy
appearance. At cusp/incisal edges

formation of irregular white caps (“snow

cap”).

Round or oval

Demarcation Diffuse distribution over the surface of Clearly differentiated from adjacent
varying intensity. normal enamel.
Colour Opagque white lines or clouds; even chalky White opaque or creamy-yellow to

appearance. “Snow cap” at cusp/incisal
edge. Some lesions may become brownish
discoloured at mesio-incisal part of central
upper incisors after eruption.

dark reddish-orange at time of
eruption.

Teeth affected

Always on homologous teeth. Early
erupting teeth (incisors/1* molars) least
affected. Premolars and second molars
(and third molars) most severely affected.

Most common on labial surfaces of
single or occasionally homologous
teeth. Any teeth may be affected but
mostly incisors.

3.2.3.3 Fluorosis indices available

3.2.3.3.1 The Dean Index (Dean, 1934)

Dean had made a fundamental contribution to the assessment of dental fluorosis. While
conducting his investigation of dental mottling, Dean recognised the value of a classification
system for the clinical manifestation of the condition in answering several research
questions. The questions to be addressed by Dean’s efforts were aetiology and pathogenesis
of dental fluorosis, and its pattern in a population. Therefore, Dean developed a six-category

index with the aim of describing the clinical manifestation of fluorosis and reflecting as
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closely as possible the biological effects of fluoride on tooth enamel. The description of the

categories is shown in the Table 3.2.

Table 3.2: The Dean Index (modified by the author in 1942) (Dean, 1942)

Category Description
Normal The enamel surface is smooth, glossy and usually a pale creamy-white colour
Questionable The enamel shows slight aberrations from the translucency of normal enamel, which

may range from a few white flecks to occasional spots. This classification is used where
the classification “normal” is not justified.

Very mild Small opaque paper-white areas scattered irregularly over the tooth but involving less
than 25% of the labial tooth surface.

Mild The white opacity of the enamel of the teeth is more extensive than in category 2, but
covers less than 50% of the tooth surface

Moderate The enamel surface of the teeth show marked wear and brown stain is frequently a
disfiguring feature

Severe The enamel surface is badly affected and hypoplasia is so marked that the general form
of the tooth may be affected. There are pitted or worn areas and brown stains are
widespread; the teeth often have corroded appearance

This index has been a historically remarkable instrument in measuring fluorosis. It has been
the most widely used index of fluorosis, especially in population descriptive studies.
However, there are several limitations of the index that may affect its validity in relating
fluorosis to sources of fluoride exposure and in risk assessment studies in light of the current
knowledge of fluoride action. The index does not clearly identify histological characteristics
of fluorotic enamel. It may incorrectly accept extrinsic discoloration as an indication of the
severity of fluorosis. Also, the category “Questionable” is vaguely characterised. Therefore,
diagnosis of fluorosis by the index may vary depending on the case definition chosen by
investigators. On the other hand, as more severe fluorotic enamel is not classified in detail,

its use may be limited where populations have more severe conditions.

3.2.3.3.2 The Thystrup & Fejerskov (TF) Index (Fejerskov, Manji and Baelum, 1988)

The Thystrup & Fejerskov (TF) Index assesses buccal surfaces of teeth using a ten-point scale
(Table 3.3). This index was designed in the late 1970s with the aim of classifying the clinical
features of fluorosis reflecting the histological changes in enamel in association with
differing degrees of fluorosis severity. The index was based on histological and electron
microscopic characteristics of fluorotic enamel. Several clinical manifestations such as
discoloration and surface pitting were considered as post-eruptive and were subsequently

taken into account in the design of the index.

One of the advantages of this index is that it distinctively identifies fluorosis, especially
milder forms of fluorosis, from other non-fluorotic discolorations. The requirement for

drying teeth before examination increases the capability of the index to identify teeth with
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fluorosis. The assessment can be made for any present teeth, which may facilitate the
description of the intra-oral distribution of fluorosis. Comparability of data collected from
different studies with a different number of examined teeth is also feasible provided the
same tooth (or group of teeth) is to be compared. These features have made the TF Index one

of the methods of choice in studying the prevalence and severity of dental fluorosis.

Table 3.3: Criteria for the Thylstrup and Fejerskov (TF) Index

Category Description

TF score 0 The normal translucency of the glossy creamy white enamel remains after wiping
and drying of the surface

TF score 1 Thin white opaque lines are seen running across the tooth surface. Such lines are
found on all part of the surface. The lines correspond to the position of the
perikymata. In some cases, a slight “snow-capping” of cusps/incisal edge may also
be seen.

TF score 2 The opaque white lines are more pronounced and frequently merge to form small
cloudy areas scattered over the whole surface. “Snow-capping” of the incisal edges
and cusp tip is common.

TF score 3 Merging of the white lines occurs, and cloudy areas of opacity occur over many parts
of the surface. In between the cloudy areas white lines can also be seen.

TF score 4 The entire surface exhibits a marked opacity, or appears chalky white. Parts of the
surface exposed to attrition or wear may appear to be less affected.

TF score 5 The entire surface is opaque, and there are round pits (focal loss of the outermost
enamel) that are less than 2 mm in diameter.

TF score 6 The small pits may frequently be seen merging in the opaque enamel to form bands
that are less than 2 mm in vertical height. In this class are included also surfaces
where the cuspal rim of facial enamel has been chipped off, and the vertical
dimension of the resulting damage is less than 2 mm.

TF score 7 There is a loss of the outermost enamel in irregular areas, and less than half of the
surface is so involved. The remaining intact enamel is opaque.

TF score 8 The loss of the outermost enamel involves more than half of the enamel. The
remaining intact enamel is opaque.

TF score 9 The loss of major part of the outer enamel results in a change of the anatomical
shape of the surface/tooth. A cervical rim of opaque enamel is often noted.
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3.2.3.3.3 The Fluorosis Risk Index (FRI) (Pendrys, 1990)

The FRI features a scoring system of different zones of a tooth surface. It divides tooth
surfaces into four surface zones: occlusal/incisal edge; incisal one third; middle one third;
and cervical one third (Pendrys, 1990). The index then divides the surface zones into two
distinctive classifications based on their time of mineralisation: classification I zones are 10
surface zones that are mineralised in the first year of life; classification II zones are 48 zones
that are mineralised during the third year through to the sixth year of life. Surface zones that
are mostly mineralised during the second year after birth are not included in the
classification system for the index. This makes the two classifications more distinctive from
each other. The rationale for this classification was that different fluoride exposures may
have different effects on fluorosis experience on surface zones that are mineralised at
different times during an individual’s life. The surface zones of the two classifications are
presented in Table 3.4.The diagnostic criteria for fluorosis used in this index are shown in

Table 3.5.

Table 3.4: Surface zone classifications by the FRI

Upper teeth

Tooth number 7 6 5 4 3 2 1

Occl/incisal edge C2 C1 Cc2 C2 C1
Incisal 1/3 Cc2 Cc2 Cc2

Middle 1/3 C2 C2 C2 C2

Cervical 1/3 Cc2 C2

Lower teeth

Tooth number 7 6 5 4 3 2 1

Occl/incisal edge C2 C1 C2 C2 C1 C1
Incisal 1/3 C2 C2 C2

Middle 1/3 Cc2 Cc2 C2 Cc2

Cervical 1/3 C2 C2
C1: classification | surface zone

C2: classification Il surface zone

Blank: not classified surface zones
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Table 3.5: Criteria for the Fluorosis Risk Index (FRI)

Category

Description

Negative finding

Score 0

A surface zone will receive a score of 0 when there is absolutely no indication of fluorosis being
present. There must be a complete absence of any white spots or striations, and tooth surface
coloration must appear normal.

Questionable

finding

Score 1 Any surface zone that is questionable as to whether there is fluorosis present (i.e. white spots,
striations, or fluorotic defects cover 50% or less of the surface zone) should be score as 1.
Score 7 Any surface zone that has an opacity that appears to be a non-fluoride opacity should be score as

7.

Positive finding

Score 2 A smooth surface zone will be diagnosed as being positive for enamel fluorosis if greater than 50%
of the zone displays parchment-white striations typical of enamel fluorosis. Incisal edges and
occlusal tables will be scored as positive for enamel fluorosis if greater than 50% of that surface is
marked by the snow-capping typical of enamel fluorosis.

Score 3 A surface zone will be diagnosed as positive for severe fluorosis if greater than 50% of the zone

displays pitting, staining and deformity, indicative of severe fluorosis.

Surface zone

excluded

Score 9

A surface zone is categorised as excluded (i.e. not adequately visible for a diagnosis to be made)
when any of the following conditions exist:

Incomplete eruption

Rule 1: If a tooth is in proximal contact but the occlusal surface is not parallel with existing
occlusion, the occlusal two-thirds of the tooth is scored, but the cervical one-third is recorded as
excluded.

Rule 2: If a tooth is erupted, but not yet in contact, the incisal/occlusal edge is scored, but all other
surfaces are recorded as excluded.

Orthodontic appliances and bands

Rule 1: If there is an orthodontic band present on a tooth only the occlusal table or incisal edge
should be scored.

Rule 2: If greater than 50% of the surface zones are banded, the surface should be recorded as
excluded.

Surface crowned or restored

Rule: Surface zones that are replaced by either a crown or restoration covering greater than 50%
of the surface zone should be recorded as excluded.

Gross plaque and debris

Rule: Any subject with gross deposits of plaque or debris on greater than 50% of the surface
zones should be excluded from examination.
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3.2.3.3.4 The Tooth Surface Index of Fluorosis (TSIF) (Horowitz et al., 1984)

The Tooth Surface Index of Fluorosis (TSIF) was designed to record fluoride-related
conditions on different tooth surfaces (Table 3.6). It consists of a seven-point scale based on
the area affected and the presence of discoloration and pitting. This index has been found to
be relevant in assessing the aesthetic impact of fluorosis (Clark et al., 1993; Clark, 1995). The
biological effect of fluoride on tooth enamel, however, is less emphasised in this index. It
may, therefore, be less sensitive to changes in fluorosis severity because of different levels of

fluoride exposure.

Table 3.6: The Tooth Surface Index of Fluorosis (TSIF)

Numerical Descriptive criteria

score

0 Enamel shows no evidence of fluorosis.

1 Enamel shows definite evidence of fluorosis, namely areas with parchment-white colour that total

less than one-third of the visible enamel surface. This category includes fluorosis confined only
to incisal edges of anterior teeth and cusp tips of posterior teeth (“snow capping”).

2 Parchment-white fluorosis totals at least one-third of the visible surface, but less than two-thirds.
3 Parchment-white fluorosis totals at least two-third of the visible surface.
4 Enamel shows staining in conjunction with any of the preceding levels of fluorosis. Staining is

defined as an area of definite discoloration that may range from light to very dark brown.

5 Discrete pitting of the enamel exists, unaccompanied by evidence of staining of intact enamel. A
pit is defined as a definite physical defect in the enamel surface with a rough floor that is
surrounded by a wall of intact enamel. The pitted area is usually stained or differs in colour from
the surrounding enamel.

6 Both discrete pitting and staining of the intact enamel exist.

7 Confluent pitting of the enamel surface exist. Large areas of enamel may be missing and the
anatomy of the tooth may be altered. Dark-brown stain is usually present.

3.2.3.4 Assessment of fluorosis in this study

Two fluorosis indices were selected to pursue the specific objectives of this study. The
Thylstrup & Fejerskov (TF) Index was selected as the main index to pursue the study’s
objectives. This index is a sensitive and reliable scoring system to evaluate the prevalence
and severity of fluorosis, which is suitable to investigate the time trend of fluorosis. Also,
different case definitions based on scores of the index can be used to enable comparison
between successive birth cohorts and comparison with other studies. The Fluorosis Risk
Index (FRI) was selected owing to its ability to relate age-specific fluoride exposures to the
experience of fluorosis. It can be a valid measurement to evaluate risk factors for the
condition. The above advantages of these two indices supported their appropriateness for
the study’s objectives. Furthermore, the two indices differ markedly in examination

requirements. This was particularly important in preventing a “carry over” effect when one
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examiner conducted two different fluorosis indices. The FRI is a “wet” index, whereas air-
drying is essential for the TF Index. Also, the two indices examine different tooth surface
zones with distinguishing diagnostic criteria. The TF Index examines the whole buccal
surface while the FRI divides buccal surface into four distinctive zones. The different

requirements for the use of these two indices are presented in Table 3.7.

Table 3.7: Procedures required in preparing teeth for each of the fluorosis indices

Requirement FRI index TF index

Teeth examined All present permanent teeth All present permanent teeth

This study assesses teeth from 14 to 24

Tooth surface Classification | surfaces Labial surface of examined teeth
examined Classification Il surfaces

Cleaning Quick wipe with gauze Required

Drying Not necessary Necessary

3.2.4 Dental Aesthetic Index

The Dental Aesthetic Index (DAI) was designed with the aim of specifically measuring
dental aesthetics using objective physical measurements (Cons, Jenny and Kohout, 1986). Its
development was based on measuring the relative social acceptability of dental appearance
based on the public’s perception of dental aesthetics. The DAI score was collected in this
study as a potential confounding factor in evaluation of the impact of dental fluorosis and

caries on perception of dental appearance and oral health-related quality of life.

The DAI takes 10 physical measurements of occlusal traits by intra-oral examination. These
component scores are then put into a formula with their appropriate weights which have
been calculated in the index development process as regression coefficients. The result of the
formula is a person’s Dental Aesthetic Index score. The regression equation used to calculate

a DAI score is illustrated as followed.

DAI score = 6 x (Missing Visible teeth) + 1 x (Crowding) + 1 x (Spacing) + 3 x (Diastema) + 1
x (Largest Upper Anterior Irregularity) + 1 x (Largest Lower Anterior Irregularity) + 2 x
(Anterior Maxillary Overjet) + 4 x (Anterior Mandibular Overjet) + 4 x (Vertical Anterior
Openbite) + 3 x (Antero-posterior Molar Relation) + 13.

DAI scores can range from 13 to 52, with lower scores indicating the more aesthetic occlusal
traits and higher scores the presence of less aesthetic traits. A score of 35 was selected as an
arbitrary cut-off point for aesthetics (Cons, Jenny and Kohout, 1986). DAI scores above this

cut-off point are considered to indicate less socially acceptable dental appearance.
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The DAI may not be a “stable” index in the clinical assessment of orthodontic treatment
needs or in longitudinal assessment of dental aesthetics (Tarvit and Freer, 1998). However, it
is simple to conduct and it can be validly related to public perception of dental appearance

(Cons et al., 1989; Jenny and Cons, 1996).

3.2.5 Perception of dental health

3.2.5.1 Dental appearance perception

A number of items were used to ask the participants’ opinions about the children’s dental
appearance. The items used were adopted from the Dental Aesthetic Index questionnaire
(Cons, Jenny and Kohout, 1986). These same items were used in the previously conducted
study of dental appearance among South Australian children (Hoskin, 1997). Items covered
included the perception of tooth colour, shape and alignment of teeth. A global question

asked children and parents about satisfaction with the appearance of their teeth.

3.2.5.2 Child Perception questionnaire and Parental Perception questionnaire

Over the past several decades measuring health-related quality of life has been emphasised
as being just as important as measuring the clinical aspects of health. There have been
numerous measures to assess oral health-related quality of life among adults and the elderly
(Atchison and Dolan, 1990; Slade and Spencer, 1994; McGrath and Bedi, 2001). However, few
measures have been developed to measure oral health-related quality of life among children.
The Child Oral Health Quality of Life Questionnaire (COHQoL) is one of the newly
developed measures and has been found to have good reliability and validity (Jokovic et al.,

2002; 2003).

The COHQoL consists of a Parental Perception Questionnaire (PPQ) applicable to parents of
children aged from 6 to 14 years, and a separate Child Perception Questionnaire (CPQ) for
children aged 6 to 7 (CPQe7), 8 to 10 (CPQs.10), and 11 to 14 (CPQui14) years. The PPQ
measures parental perception of the child’s oral health-related quality of life (OHRQoL),
while the CPQ measures children’s own perception of their OHRQoL. All questionnaires
conform to contemporary concepts of child health. Four main domains are encompassed:
oral symptoms, functional limitations, emotional wellbeing, and social wellbeing. Each
domain contains a number of items related to that aspect of oral health and quality of life.
Because the study sample was from 8 to 13 years old, the PPQ, CPQs.10 and CPQ11.14 were

used.
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The items ask about the frequency of events experienced by children in the immediately past
reference period (three months for the PPQ and the CPQi1.14 and four weeks for the CPQs.10)
in relation to their oral/orofacial conditions. Responses to the questionnaires were made on a
5-point Likert-type scale. The five response options used in the questionnaires were “Never”,
“Once or twice”, “Sometimes”, “Often”, and “Very often”. The PPQ has an additional “Don’t

know” option.

The questionnaires contain two “global” items asking respondents to rate the child’s oral
health and the impact of the child’s oral and orofacial condition on overall wellbeing. In the
PPQ and CPQu1.14, five-point scales range from “Excellent” to “Poor” for the former item, and
“Not at all” to “Very much” for the latter. The CPQs.10 has a four-point scale for the first

global item and five-point scale for the second.

3.2.6 Data collection procedures

3.2.6.1 Child Oral Health Study data collection

Starting from June 2002, training programs on COHS data collection were provided to staff
from clinics that were selected for the study. The program covered tasks of sample selection,
handling the study description and subjects’” invitation, delivering the questionnaire, and

clinical examination of children. A training manual was also provided.

When a child attended a clinic, the clinic staff checked if the child satisfied the selection
criteria. A brief description of the study was provided to the child who satisfied the selection
criteria. If an agreement to participate was received, the information package that included
an information sheet, the COHS questionnaire, a consent form, and a reply-paid envelope
was given to the child’s parent. A unique identifier was recorded into the child’s electronic
file. The child was then examined and the information was recorded into the electronic file in

the EXACT system.

ARCPOH staff who were responsible for data collection received information of enrolled
children from the EXACT system on a frequent basis. If no questionnaire was returned, the
parent of the enrolled child was sent a reminder card and two subsequent follow-ups with
packages containing the COHS questionnaire to maximise the response rate. Returned
questionnaires were entered into a database on an ongoing basis. Caries experience data
recorded in the EXACT system were delivered to ARCPOH every three months for

management.
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3.2.6.2 Perception questionnaire data collection

The fieldwork for the study commenced in February 2003. Names and addresses of a group
of 1401 children born from 01 January 1989 to 31 December 1994 inclusive were selected from
the pool of the COHS participants. Parents of those children were sent a package containing
a primary approach letter, an information sheet, a consent form, a reply-paid envelope, and a
parental and a child questionnaire. Non-respondents were sent a reminder card two weeks
later. For those who were still yet to respond, two packages containing the above materials
and a secondary approach letter were sent at four weeks and six weeks into the study period.
Attempts were made to identify new addresses of those packages that were returned due to
incorrect addresses. These attempts included consulting the School Dental Service’s database
and completed original COHS questionnaires. The above-mentioned method was in
accordance with the Dillman’s Total Design Method (TDM) to achieve a maximum response

rate (Dillman, 1978).

Dispatch of the perception questionnaire was divided into three launches across 2003
(February, July and September), reflecting the accumulation of participants in the parent

COHS. Each launch was conducted using similar strategies.

3.2.6.3 Dental caries data collection

Dental caries experience was collected from two sources of the SA SDS archive. Prior to the
year 2000, caries data were recorded and stored in paper-based clinical case notes. The data
management system EXACT was introduced in 2000 to record clinical examination
information for each visit. Children were identified by unique patient numbers. Therefore,
caries data of study participants were collected from the two sources with different

strategies.

A Microsoft Access data entry screen was designed by the examiner/investigator based on
paper-based examination record forms that were used in the SA SDS clinic. The screen had
features that facilitated efficient on-site data collection. During clinic visits, the investigator
collected paper-based case notes of study participants in each clinic with assistance from
clinic staff. All data recorded in case notes were then transcribed into the laptop computer by

the investigator.

Clinical data of children who made visits from 2000 onwards were accessed electronically.
The caries data of study participants were collected from the SA SDS database using a
unique identifier number to create a second data set of caries data. These data were then

merged with the first data set that was collected from paper-based records using a unique
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identifier to form a complete data set of study participants. Cross-checking was performed to
ensure no duplication of visits in the data set. The data set contained dates of examinations,
assigned risk level for caries and surface-based records of caries experience, including

decayed, filled and missing surfaces for each of the visits.

3.2.6.4 Fluorosis examination procedures

3.2.6.4.1 Appointment for examination

The completed perception questionnaires and consent forms were entered into a database
when returned to the investigators. Clinic sessions were organised on an ongoing basis with
assistance from South Australian (SA) School Dental Service (SDS) staff. Parents of
participating children were contacted by phone to organise the most suitable time for them
to attend an examination. After an appointment had been made, a confirmation card was
sent to the participants before the agreed date. Children who failed to attend the
examination appointment were contacted again to arrange another time. A maximum of

three appointments for an examination were made.

3.2.6.4.2 Examiner training

It was planned that all examinations were to be conducted by a single examiner, Loc G Do
(dentist and thesis author). Prior to the commencement of the fieldwork, an examination
protocol had been completed. The examiner underwent protocol discussion and slide
viewing sessions with Professor John Spencer and Dr Anna Puzio, who were experienced in
conducting fluorosis assessment using the TF Index. Professor Steven Levy at the University
of Iowa provided 35 mm slides with detailed descriptions for the FRI training. Several
clinical sessions were organised for training in a School Dental Service clinic, which was not
a study site for the study. The examiner conducted clinical examinations among children
who attended the clinic under supervision of the two trainers, followed by group discussion

of every case. Clinical photographs were also taken for each child in the training sessions.

3.2.6.4.3 Examination procedures

All examinations were conducted under SA SDS clinic conditions. Standard infection control
guidelines for the School Dental Service were strictly applied. Children were examined in the
supine position in the dental chair with the examiner sitting at the 11 o’clock position.
Standard clinic lighting was used in all cases. Equipment included a disposable mouth
mirror (Care Dental), a triplex syringe with a disposable tip Seal-Tight (Kerr Dental), and a
plastic millimetre-grade measure cut down to 0.3 cm wide and 5 cm long. Cotton rolls were

used to clean and isolate teeth for examination. A dental nurse assisted in each session to
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record examination data onto an examination form. Data were later transcribed into a laptop

computer by the examiner.

The examination started with the Fluorosis Risk Index on all available Classification I and II
surface zones, followed by the TF Index on permanent upper anterior teeth from the right
first premolar (tooth 14) to the left first premolar (tooth 24), and finished with a scoring of
the ten components of the DAI First, the examiner quickly cleaned teeth with gauze and
assessed the FRI surfaces starting from the upper right quadrant, moving clockwise to the
upper left, then lower left and finished with the lower right quadrant. After the FRI
assessment, upper anterior teeth were isolated with cotton rolls and air dried with
compressed air for 30 seconds. Each present permanent tooth from 14 to 24 was then scored

for TF index. The ten components of the DAI were then measured.

3.2.6.4.4 Reliability analysis

During the examination session, photographs of teeth were taken by the examiner using a
digital clinical camera with fixed settings. Parents of children who had either fluorosis or
non-fluorotic lesions were asked for permission to take photographs of their teeth. There

were no refusals. The photographs were transferred and stored in a desktop computer.

After completion of all clinical examination sessions, reliability tests were taken by re-
examining photographs of children using the TF Index. A decision was made to re-score two
upper central teeth, which were used most in the analysis and which were most readily
assessed from photographs. A layperson was asked to randomly select 50 cases from the
pool of photographs. Each case could have had several photographs. Eight cases were
excluded due to low quality photographs, or because photographs were taken of other teeth.
The examiner screened all photographs of each case and scored each upper central incisor
using the TF Index with a layperson recording the scores into a laptop computer. The scores
were then pooled with the original scores to form a data set. Unweighted kappa scores were
calculated for each tooth and for the highest score of the two teeth. Results are presented in

Table 3.8.

The reliability scores were substantial. The kappa scores ranged from 0.74 for the highest
score of two teeth to 0.79 for scores on the upper right central incisor. There was one case
where the examiner scored tooth 21 with a TF score of 0 when the original score was 99
(tooth excluded for reasons such as tooth colour restoration). Other variations were within

plus or minus one of each other.
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Table 3.8: Reliability scores by the TF Index

Tooth 11
Original scores
TF score
Scores from photographs 0 1 2 Total
TF score 0 14 1 15
1 1 11 2 14
2 2 9 11
3 2
Total 15 13 12 42
Kappa=0.79, p<0.001
Tooth 21
Original scores
TF score
Scores from photographs 0 1 2 99 Total
TF score 0 13 1 1 15
1 1 9 2 12
2 1 10 1
3 1 3
99 1 1
Total 14 11 13 2 42
Kappa=0.77, p<0.001
Highest score of two teeth
Original scores
TF score
Scores from photographs 0 1 2 99 Total
TF score 0 12 1 13
1 1 8 1 1 1
2 3 10 13
3 1 4
99 1 1
Total 13 12 12 2 42

Kappa=0.74, p<0.001
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3.3 Statistical approach

This section discusses the statistical approach adopted for this research by reviewing the
dependent and independent variables to be used in the analyses, the data reduction
techniques used to process the independent variables prior to statistical analysis, and finally

an outline of the approach to the statistical models.

3.3.1 Data re-weighting

The sample selection scheme of this study was a complex, multistaged stratified random
sample selection with different sampling ratios between strata (see Figure 3.1). Therefore, the
study sample was not necessarily representative of the child population of the whole state.
Corrections for those differing sampling ratios were required to produce representative
estimates for the whole population. Also, unequal response rates were observed between
groups of interest such as birth cohorts. Sample weights were therefore calculated to adjust

for differences in selection ratios and response rates between clinics and age groups.

The weights were derived using sample counts by clinic from the fluorosis examination data
set and population counts by school dental clinics supplied by SA SDS. Age adjustment was
applied to this weight to ensure the age distribution of the sample reflected the age
distribution of children attending the SA SDS clinics. Date of birth was used to calculate the
age adjustment. This weight was then divided by the average weight across the sample to
derive the final weight (this ensured that the final weights summed to the total sample size

of 677 in the analysis).
3.3.2 Data management

3.3.2.1 Management of fluoride exposure measurements

The COHS questionnaire collected detailed information of the children’s residential history,
the sources of water used in each location, the percentage of public water use at each
location, and the use of any filtration system for the treatment of water. Other data collected
included toothpaste used in childhood and at present. Age started, frequency of brushing,
amount of toothpaste used and type of toothpaste in terms of fluoride concentration were
collected. If children used a fluoride supplement, parents were asked to indicate age started,
age stopped and dosage of fluoride supplement at different ages. Also, use of infant formula
and other processed children’s foods was collected in detail. These data formed a

comprehensive source of fluoride exposure history of children in this study.
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3.3.2.1.1 Estimation of lifetime exposure to fluoride in water

Data pertaining to residential history and related water usage was used to calculate the
lifetime exposure to fluoride. A postcode-fluoride database available in ARCPOH was used
to map fluoride exposure to the residential history. The database provided three levels of
fluoride in water: 1.0 for a fluoride level from 0.7 to 1.2ppm; 0.5 for a fluoride level from 0.3
to 0.7ppm; and 0 for a fluoride level <0.3ppm. A method of calculating lifetime fluoride
exposure developed in ARCPOH (Slade et al., 1995a) and used previously (Singh, Spencer
and Armfield, 2003) was adopted and modified to suit the current study’s data. The data
collected in this study facilitated a more detailed estimation of fluoride exposure from water.
For example, the parents of the children were asked to estimate the proportion of public
water usage at any residential location. Calculations were made to estimate lifetime exposure
to fluoride and exposure during the period of life that might be susceptible for dental

fluorosis on particular groups of teeth.

Factors used for the calculation of lifetime exposure to fluoride in water included the

following:
. Residential location where a child had spent at least six months (questionnaire)
. Age period in months when the child lived at that location (questionnaire)
. Percentage of public water usage of total fluid intake at that location
(questionnaire)
. Use of reverse osmosis filtration system (questionnaire)
. Fluoride level in public water at that location at that time (fluoride database)

Reverse osmosis filtration systems are known to reduce the amount of fluoride in water
(Jobson et al., 2000). Therefore, if a family used this filtration system at a location, the
fluoride level in the consumed water was expected to be reduced. A decision was made to
adjust the water fluoride level down by one level. Hence, if the fluoride level were 1 at a
location where use of this type of water filtration was reported, the fluoride level used in the

calculation would be 0.5, and so on.

Given the residential history, the percentage of public water usage, the age period of the
child living at different places, whether a reverse osmosis filtration system was used or not,
and the fluoride level in the water, the lifetime exposure to fluoride in water could be

calculated. The formula used in the calculation of lifetime exposure E was as below.

E = X (time at a residency during the age period i) X fluoride level in water (adjusted for

filtration) x percentage of water usage) + age in months x 100.
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Example: lifetime exposure to fluoride was calculated for a 90-month-old child who first
lived up to the age of 30 months in a location with a fluoride level of 0, then in another
location until the age of 40 months with a fluoride level of 1ppm and where public water was
50% of fluid consumed, then in another location up to the age 70 months where fluoride in
water was 1ppm and the family used public water only with reverse osmosis filtration fitted,
then in another location until the time of the study where the fluoride level was 0.5 ppm and
un-filtered public water was consumed only. The per cent lifetime exposure to fluoride for

the child would therefore be:

E=B0x0+10%x1+30x%x05 +20x0.5)/ 90 %100 =(0+ 10+ 15+ 10)/ 90 x 100 = 35/90 %
100% = 38.9% lifetime.

This formula was used to calculate both the lifetime exposure to fluoride and exposure to
fluoride from birth to age six. This age was chosen as the age when the first permanent tooth

erupts.

These two estimates could be used as continuous variables in analyses. They were also coded
into categorical variables. The categories were 0% lifetime; more than 0% and less than or

equal to 50% lifetime; and more than 50% lifetime exposure.

There was a small number of children who were born overseas. These children were
excluded from calculations of fluoride exposure from water if there was no official
information available on the fluoride level in the water supply in these overseas locations. If
information on the fluoride level in those locations was available, calculation of exposure to

fluoride of those children was conducted following the method described above.

3.3.2.1.2 Fluoride exposure from toothpaste

A series of questions asked parents of children about patterns of toothbrushing at three time
points: 1) when brushing with toothpaste was started, 2) at age five and 3) at the time of the
study in 2002/03. The age in months, when brushing with fluoride toothpaste started was
collected. The frequency, type of toothpaste, amount of toothpaste used, and procedures

after brushing were detailed for each point in time.

The age when toothbrushing with toothpaste commenced was categorised with different cut-
off points to address the research questions and analyses conducted. For example, the age of
commencement of brushing with toothpaste was categorised into brushing started in the: 1)
first year, 2) second year and 3) from third to sixth year of life, to be used with the FRI

classifications of cases.

The amount of toothpaste used was dichotomised into a small and a large amount of

toothpaste. At the time of toothbrushing commencement, a small amount was considered to

50




be a smear of toothpaste and a large amount was considered to be a pea size or larger. At age
five, a small amount was considered to be a pea size or less, and a large amount was
considered to be a full brush head size. This system helped to relate the amount of

toothpaste used proportionately with the expected body weight of children at different ages.

3.3.2.2 Management of fluorosis data

Each examined subject had two sets of index scores of fluorosis: the FRI and the TF Index.
The number of sites examined for the indices varied depending on the number of permanent
teeth present and their predisposing conditions. Age was the main determinant for the
difference in the number of teeth and the sites examined. Differences between birth cohorts,
however, was the key factor in comparing the trend of fluorosis over time. Therefore,
strategies were required to appropriately manage fluorosis data for testing the main

hypothesis of the study.

The TF Index data were used for analysing the prevalence and severity of fluorosis. They
enabled a comparison with other studies such as the fluorosis study in South Australia
(Puzio, Spencer and Brennan, 1993). For the purpose of testing the difference between birth
cohorts, the prevalence and severity of fluorosis on the two upper central incisors were used.
This approach ensured subjects of different ages and hence tooth eruption would have a

similar number of teeth present for examination.

The FRI data were managed as described by Pendrys (1990) to classify subjects into cases,
controls and questionable for either classification. A child was considered as a case for a
classification if the child had two or more surface zones of that classification with FRI score 1,
2 or 3. A child was defined as a control for a classification if the child had no surface zone of
that classification with fluorosis and had no more than one surface zone of the other
classification with FRI score 1. The remaining children were grouped in a questionable

category for that classification.

3.3.2.3 Dental caries data management

Dental caries data collected from paper-based records and the EXACT system were
combined as described in Section 3.2.6.3. Children in the study had caries data from at least
one examination collected. Dental caries data were then managed to calculate deciduous

dmfs and permanent DMFS scores.

For the purpose of hypothesis testing, a series of caries experience scores were calculated.
Primary dmfs and DMFS scores were calculated for study participants at different anchor

ages, six and eight. This helped the direct comparability of caries experience between
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different birth cohorts. Current caries experience was also calculated for the examination

conducted at the time of the child’s recruitment into the COHS.

The age of a child at a collected dental visit was calculated and used to determine if that visit
was made at an anchor age. The period that defined an anchor age would need to be long
enough to allow as high as possible a number of individuals to make a visit at the anchor
age. On the other hand, that period must not be too long so that there would not be a
significant effect of the time factor on caries observed within the period. Commonly, one
calendar year would define an age period, e.g. age six would be defined from the sixth
birthday to the day before the seventh birthday. However, a preliminary analysis showed
that just over a half the children made a dental visit in any calendar-year period. This
turnout rate was explained by the fact that the majority of children attending SA SDS have
recall periods of from 15 to 24 months. Over 80% of children made at least one dental visit
during a period of 18 months. Therefore, a time period of 18 months was used to define an
anchor age. The anchor age six (the age when the first permanent tooth emerges) was
defined from the age of 5.5 years to 6.9 years. Likewise, the anchor age eight (the age when
deciduous caries often peaks) was defined from the age of 7.5 years to 8.9 years. An anchor
age ten was also similarly defined. However, this anchor age was not commonly used in the

analysis because it did not include many children of the latest birth cohort.

There was a possibility that a child might have several visits made in any time period which
defined the anchor age. During data management process, a decision was made to select the
first visit of a child in the time period. This procedure ensured that caries data of children
with multiple visits during any age period, who often were high-risk patients, were not
double-counted in one anchor age. For example, if a child had a visit at the age of six years
and two months and another visit at the age of six years and eight months, both these visits
would be similarly classified as dental visits at the anchor age six. However, only the first

visit, i.e. visit at six years and two months, would be retained in the data set.
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3.3.2.4 Perception questionnaire data management

3.3.2.4.1 Dental Aesthetic Index

The 10 measurements of the occlusal traits were analysed for their use in calculation of the
DAI score for the sample. The fact that the majority of children in this study had a mixed
dentition while the DAI was designed for use in permanent dentition was specially
considered. Children from a later birth cohort might have higher number of missing teeth
than children of the earlier cohort. Also, there might be some time lapsed since completion of
the perception questionnaires until the examination when the occlusal traits were recorded.
During that time some deciduous teeth might have exfoliated and some permanent teeth
might have erupted. Therefore, a decision was made not to use the missing component in
calculating the DAI score. The other nine components were used to calculate the DAI score
for an individual. A similar approach was used in a study which tested the useability of the
DAI in mixed dentition (Johnson et al.,, 2000). The calculated DAI score was compared

between groups by their responses to items related to shape and alignment of teeth.

3.3.2.4.2 Dental appearance items

A number of items were asked in the questionnaire in the order from “worst” to “best” case
scenario (questions No. 4, 6, 7, 8, and 9) (See Appendix 3). In the data management and
analysis, this order was reversed for these particular questions to provide a uniform meaning
to the ordinal responses. Therefore, when mean scale scores were reported, a lower value
indicated better perception. There were four tooth colour-related items, two tooth shape-
related items, and two tooth alignment-related items in the questionnaire. These items were
described and cross-tabulated with other factors such as sex, residential location, SES status,

the DAI score, and fluorosis experience on upper anterior teeth.

3.3.2.4.3 Dental health perception items

Items of the four domains of the Child and Parent Perception questionnaires were identified
and used to calculate sum and mean scores for each domain. Since the numbers of items
differed between Child Perception Questionnaires (CPQs) and Parent Perception
Questionnaire (PPQ), the sums of domain scores were comparable within each questionnaire

only. Therefore, correlation between CPQs and PPQ were tested using mean domain scores.

The PPQ utilised a “Don’t know” response to facilitate response from parents who were
unsure about any of the items. Although the response “Don’t know” (DK) was legitimate, its
inclusion in the domains could affect calculated scores. For example, a person who gave

scores of 2 (meaning a condition happened “once or twice” during the reference period) to

53



all items in a six-item scale had a sum of 12 for that scale, whereas another person who gave
scores of 4 (meaning “very often”) to three items and DK to the other three items could also
have a score of 12 for that scale. Jokovic and co-workers assessed the issue of DK values and
suggested several approaches to counter the problem (Jokovic, Locker and Guyatt, 2004).

They are as follows:
. listwise deletion: cases with DK responses were excluded from the analysis;

. imputation of item means: each DK response was replaced with the item mean of

the sample;
. replacement: DK responses were replaced with zero; and

. adjustment: scores were calculated for each participant to represent the mean

response value for the items without a DK response.

The authors concluded that these approaches might have different advantages or
disadvantages; however, they could have similar effects on construct validity of the

questionnaire.

For this particular study, a decision was made to use a combination of the first and the fourth
approach. First, those cases where DK responses comprised more than half of the sub-scale’s
number of items were excluded from the analysis (listwise deletion). Then, mean scores of
scales were calculated based on only those items that had responses other than DK
(adjustment). Therefore, these scores were adjusted for the number of items that contributed
to the sub-scale’s score. For example, if a case had six missing and/or DK responses to a 10-
item scale (more than half of the items in the scale), the scale score of this case was omitted
from the analysis. If a case had five missing and/or DK responses to a 10-item scale (just a
half of the items in the scale), a mean scale score was calculated by summing the remaining

five items and dividing by five.
3.3.3 Analytic plan

3.3.3.1 Plan to address specific aims of the study

Several analytical approaches were employed to achieve the main objectives of the study.

The analytic methods employed to address each aim are summarised below:

Aim 1: Descriptive analysis was employed to describe the patterns of exposure to fluoride
sources in the study sample. The data were stratified into groups by sex, current residential
location, and other socioeconomic characteristics. Similar stratification was conducted by

birth cohorts to identify the time trend of each fluoride exposure.

54



Aim 2: Descriptive analysis was employed to describe the prevalence and severity of dental
fluorosis defined by the TF Index and the FRI case definitions among the study sample. The
data were reported as weighted estimates to represent the South Australian child
population. The case definitions described in Section 3.3.2.2 were used in the analysis of the
prevalence of fluorosis. The data were further stratified into groups by sex and current living

location.

Aim 3: Bivariate analysis of the prevalence and severity of fluorosis defined by the TF Index
by birth cohorts was employed to detect any changes between cohorts. Further analyses
evaluated associations between fluorosis and levels of exposure to fluoride in childhood.
Factors such as lifetime exposure to fluoride in water up to a certain age (a biologically
plausible risk period), exposures to other fluoride sources with detailed time and amount of
exposures, and oral hygiene practices in childhood were used as independent variables.
Crude odds ratios for each independent variable were calculated and reported together with

their 95% confidence interval.

The results reported in the previous South Australian fluorosis study (Puzio, Spencer and
Brennan, 1993) were used as an indirect comparison of the two studies to identify differences
in the reported prevalence and severity of dental fluorosis over time. Identical case

definitions were used in such a comparison.

Aim 4: The subjects were defined as cases for fluorosis defined by the TF index and the case
definitions by the FRI classifications I and II. Multivariate models were generated for the
case definitions with different sources and levels of fluoride exposures, sex, and birth cohorts

as exploratory variables. Details of the modelling are described in Section 3.3.3.2.1.

The population attributable risk of each of the factors that were identified as risk factors for
fluorosis were calculated using a theoretical framework from an epidemiological textbook
(Rothman, 1986) and a methodology described in previous medical literature (Bruzzi et al.,

1985). The methodology is detailed later in Section 3.3.3.2.4.

Aim 5: Scores for dental appearance, domains of dental health perception and oral health-
related quality of life reported by children and parents were calculated and reported. Further
stratification by age group, birth cohorts and socioeconomic status were made. Comparisons
between groups defined by fluorosis and caries experience were made. Similar approaches
were used for perception of dental appearance scores adjusting for occlusal traits. Linear
regression models were generated for the dental health perception scale scores to identify

contributing factors. Multivariate models are described in Section 3.3.3.2.3.

Aim 6: Caries experience using dmfs and DMFS scores were calculated and reported at ages

six, and eight years, and at the time of the study. A comparison was made between birth
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cohorts at ages six and eight years to identify a time trend in caries. Linear regression models
were generated for the dmfs and DMFS scores at the time of the study, and the dmfs score
recorded at age eight (see Section 3.3.3.2.2). Fluoride exposures (time and amount),
socioeconomic characteristics, dental health behaviours and dietary factors were included in

the model.

Aim 7: The proportions of dental fluorosis and caries that were attributed by the main
fluoride exposures were considered. The effects of an increase or decrease in fluoride
exposure on patterns of dental fluorosis and caries experience were estimated. The benefits

and risk balance were then evaluated.

3.3.3.2 Building multivariate models

Several multivariate models were generated for dental fluorosis, caries experience and
perception of oral health. These models were used to achieve the analytic plan of the study’s
objectives as described above. The plan was for these models to be explanatory conceptual
models to suit the study’s objectives. Therefore, several approaches were employed in

developing the models described below.

3.3.3.2.1 Multivariate models for dental fluorosis

The selection of factors to be included in the models for dental fluorosis was based on
knowledge of possible fluoride exposure sources. The models included sources of fluoride
exposure relevant to the developmental stages of included teeth. For example, when
fluorosis on central incisors was considered, fluoride exposure during the development
period of these teeth, such as toothbrushing practice when brushing was started and at age

five, and exposure to fluoride in water until age six, was of interest.

Two variables were exceptions, sex and birth cohort. Sex was included based on the fact that
boys and girls might have different levels of exposure to fluoride. Birth cohort groups also
might have different levels of fluoride availability during their tooth development stages.

Therefore, these two variables were included in the multivariate models.

After the selection of variables to be included in a model was made, these variables were
entered in one block using the Enter method. This method was favoured over stepwise
methods because the explanatory power of these models was preferred over the predictive
power (Rothman, 1986). Interaction terms were also tested between likely inter-dependent
factors to test their contribution to a model. If any interaction terms were contributory, they

were retained and reported. Models were generated for the prevalence of fluorosis defined
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as having TF score 1+ and 2+ on the central incisors, and for cases of fluorosis by FRI

Classification I and 11.

Differences between birth cohorts were of interest in this study. Therefore, steps were taken
to identify factors that were likely to be responsible for inter-cohort differences in dental
fluorosis. Fluoride exposure variables were sequentially removed from each model to test
whether their presence/absence in models would alter the cohort effect. If an exposure was
found responsible for the inter-cohort difference, i.e. the inter-cohort difference was

significant after removal of that exposure, then this was reported in the text.

3.3.3.2.2 Multivariate models for dental caries

For the multivariate models for dental caries experience, fluoride exposure sources were
considered as contributory factors, and hence were selected for the models. The per cent of
lifetime exposure to fluoride in water was used as a continuous variable to evaluate its linear
relationship with caries experience. Age in months when toothbrushing with toothpaste was
commenced was also used as a continuous variable. Sex and birth cohort were also selected
as explanatory variables. Socioeconomic characteristics and dietary factors were included as
other possible explanatory variables for dental caries. Models were generated for the
deciduous dmfs score and permanent DMFS score at the time of the study to investigate risk
factors for dental caries. Two other models were run for caries experience at age six and eight
to evaluate the trend in caries experience between birth cohorts. The models were generated

in a manner similar to that described above for models of fluorosis.

3.3.3.2.3 Multivariate models for perception of dental health

These models aimed to test the impact of the main oral diseases and conditions on both the
child’s and the parent’s assessment of the oral health-related quality of life of the child. The
two main factors of interest in this study were dental fluorosis and caries experience.
Another condition that might have an impact on the oral health perception of this age group
was tooth alignment and occlusion, which was measured by the Dental Aesthetic Index
(DAI). Other contributory factors were sex, age and residential location. These models were
generated in a manner similar to that described above. The parameters of each factor and

their 95% confidence intervals were reported.

57



3.3.3.2.4 Population attributable risk calculation

Population attributable risk (PAR) is also termed attributable proportion or attributable risk per
cent. PAR is a measure of the proportion of the disease among the exposed population that is
related to an exposure (Rothman, 1986). It can be measured statistically when the absolute
effect of the exposure is divided by the rate of occurrence among the exposed rather than

non-exposed. When there is only one exposure, PAR of exposure E is calculated as follows:

paRe=1 1o x100=1-1 x100
I RR

1

where I; is the incidence among exposed, Iy is the incidence among unexposed, and RR is the

rate ratio (Rothman, 1986).

In public health terms, PAR can be interpreted as the proportion of exposed cases
attributable to the exposure. This interpretation conveys a sense of how much of the disease
in an exposed population can be prevented when the exposure is eliminated (Rothman,
1986). Population attributable risk estimates are best used to prioritise public health
interventions on the basis of the magnitude of the potential effect on the disease outcome in

the population.

Diseases and conditions very often have multifactorial causality. Therefore, an estimate of
the effect of any exposure must not be biased by effects of other exposures in a population.
Population attributable risk estimates need to be adjusted for effects of other exposures, i.e.
using a multivariate approach. A well-defined methodology of calculating PAR using
estimates obtained from multivariate logistic regression models has been described (Bruzzi
et al., 1985). The methodology involves the calculation of relative risks from the regression

coefficients [ for a factor in the logistic regression model.

Based on the above methodology, PAR for an exposure E can be calculated from a logistic

regression model using following formula.

PAR. = (1- X, (p:Ry)) x100%

where p; is a proportion of cases that are in a categorical stratum i of the exposed group,

(in short p; =xi/x, where x;is number of cases in a category i and x is total number of cases).

Ri is the relative risk of a category i. The relative risks estimated from a logistic model are
obtained by exponentiating the product of the regression coefficient 3 for a factor and the
order number for a specified categorical stratum of the factor used in the model. For

example, the order number of the reference category is 0, the order number of the next
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category is 1 and so on. The regression coefficients 3 were obtained using the logit command

in Stata Version 8.0.

Population attributable risk estimates obtained from logistic regression models are not
additive to 100% because factors involved are not mutually exclusive (Rockhill, Newman

and Weinberg, 1998). In fact, the sum of these estimates can be greater than 100%.

This methodology was used to calculate population attributable risk estimates for factors
that were significant in logistic regression models for the prevalence of fluorosis in this study
population. The PAR estimates and their 95% confidence intervals are reported in the text as

well as the calculated relative risks of each categorical stratum of factors.

Incidence rates available from longitudinal studies are normally required for PAR calculation
(Rothman, 1986). However, calculation of population attributable risk was applicable despite
the fact that this study was a cross-sectional investigation. This exception was based on the
following factors. First, dental fluorosis is a developmental condition with a one-off onset.
Secondly, fluorotic enamel may undergo various post-eruptive changes because of
toothbrushing and/or dental treatment, and the presence/absence status of fluorosis is
unlikely to be affected when fluorosis assessment is conducted a few years after eruption.
Therefore, the prevalence of fluorosis recorded in adolescent years, done in this study, is
very close to the incidence rate of fluorosis in the study population. In addition, relative
comparisons between PAR estimates for different exposure sources would not be affected by
the possibility of post-eruptive changes because those changes would equally affect PAR for

those exposures.
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4. Results

The results consist of six major sections, which are further divided into sub-sections, the

results of which are then presented as tables or figures. Each section may contain descriptive,

bivariate and multivariate statistics for the factor of interest in that section.

The major sections consist of:

1.

5.

6.

Response rates and description of the COHS sample and this nested study sample:
sub-headings 4.1 and 4.2

Fluoride exposures in the sample, population estimates and distribution: sub-heading

4.3

Dental fluorosis, population estimates and risk factors: sub-heading 4.5
Dental caries, population estimates and risk factors: sub-heading 4.6
Perception of dental appearance and oral health: sub-heading 4.7

Balance between fluoride exposure and caries and fluorosis: sub-heading 4.8

The data presented in the following results relate to information collected from the COHS

questionnaire, the CPQ questionnaire and clinical examinations (Appendixes 1, 2 and 3).

Where indicated, the percentages or mean values shown in tables are weighted data

(weighted per cent or w%) whereas numbers of individuals are unweighted figures.

Therefore, percentage estimates in tables, when multiplied by the total sample size or group

size, do not necessarily produce integers of individuals.
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4.1 Response

Table 4.1 presents the enrolment rate, number of respondents and response rate of the COHS
in South Australia at the time of the sample selection for this nested study. A response rate of
67.3% was achieved. The response was higher among children from the non-metro non-
fluoridated area. A total of 3680 5-17-year-old South Australian children participated in the
COHS up to September 2003.

Table 4.1: Enrolment rate and response rate to the Child Oral Health Study in South Australia up
to September 2003

Number enrolled ® Completed questionnaires ® Response rate b

Metro fluoridated 1892 1319 69.71
Metro non-fluoridated 2232 1330 59.59
Non-metro non-fluoridated 1343 1031 76.77
Total 5467 3680 67.31

2 Children aged from 5 to 17 years old
b Unadjusted response rate
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A total of 1401 children who were born from 01 January 1989 to 31 December 1994 inclusive
were selected as the initially selected sample from the pool of respondents to the COHS
questionnaire (Table 4.2). A total of 898 children and parents responded to the perception
questionnaire. A small number of participants did not have contactable addresses or had
moved out of the targeted locations and hence were excluded from the study. The adjusted

response rate to the perception questionnaire round was 65.7%.

Over half of the initial sample attended the examination round. This final group also
comprised over 80% of children who responded to the questionnaire. Children who reported
having orthodontic braces when contacted to arrange an examination appointment were not
invited to the examination. There were several study participants with braces and some with
no permanent teeth present who also attended the examination. Their records, however,

were not included in the final sample group for analysis.

Table 4.2: Response rate of the study by age group and residency

Participants Per cent

Selected from the COHS sample 1401 100.0
Incorrect addresses, changed address etc 34 2.4
Responded to perception questionnaire 898 65.7
Contactable for examination appointment 873 63.9
(phone number available)

Reported having braces, changed address etc 36 2.6
Attended examination ° 684 52.7
Excluded after the examination (braces, no permanent teeth) 7 0.5
Valid examination (to initial sample) ° 677 52.2
Valid examination (to perception questionnaire respondents) d 677 81.6

?Response rate = Valid responses + (Selected sample — Incorrect addresses- changed address etc)

b Response rate = Attendants + (Selected sample — Incorrect addresses- changed address etc —Non-contactable — having
braces etc)

° Response rate = Attendants + (Selected sample — Incorrect addresses- changed address etc —Non-contactable — having
braces etc - Excluded)

¢Response rate = Attendants + (Survey respondents — Non-contactable — having braces etc — Excluded).
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Boys and girls responded at a similar rate to the perception questionnaire and to the clinical
examination for fluorosis (Table 4.3). The Adelaide group had a slightly lower response rate
to the perception questionnaire compared to participants residing in the other areas.
Participants from Mount Gambier had the highest rate in both rounds. There was a higher

rate of failure to attend the examination among the group from the two smaller areas.

There was a higher number of younger children in the initial study sample. This group

responded better than the other two cohort groups in both stages.

Table 4.3: Response rate of the study sample by sex, residential location and birth cohorts

Initial Perception questionnaire Fluorosis examination
sample
n n Response ? n Response ° Response °
Sex
Boys 711 454 65.4 349 52.9 83.1
Girls 690 444 66.0 328 51.3 80.0
Current residency
Adelaide 645 399 63.3 299 49.8 81.0
Mt Gambier 583 383 67.4 310 57.6 87.8
Bordertown & Kingscote 173 116 68.6 68 42.2 63.0
Birth cohort
Born 89/90 403 240 61.1 171 45.8 77.7
Born 91/92 474 304 65.8 224 50.9 79.4
Born 93/94 524 354 69.1 282 57.6 84.9

@ Response rate to the initial study sample

® Response rate to the initial study sample

°Response rate to the perception questionnaire respondents

Response rates were adjusted for number of non-contactable individuals at each stage
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Weights were calculated by clinics and birth cohort for the sample to represent the South
Australian School Dental Service child population (Table 4.4). Children attending SA SDS

clinics in Adelaide had higher weights compared to children who lived in other areas.

Table 4.4: Weights of the sample by birth cohort and clinics

Birth cohorts
Clinic 89-90 91-92 93-94
Adelaide
Aberfoyle Park 1.73 1.52 1.27
Hallett Cove 1.63 1.43 1.20
Linden Park 2.84 2.49 2.08
Madison Park 2.93 2.57 215
Parafield Garden 1.49 1.31 1.09
Reynella South 2.54 2.23 1.86
Seaton Park 2.30 2.01 1.68
Wandana 2.40 2.1 1.76
Other areas
Mt Gambier 0.49 0.43 0.36
Bordertown 0.43 0.38 0.32
Kingscote 1.42 1.24 1.04
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4.2 The study sample description

4.2.1 The initial study sample

There were slightly more children from the later birth cohorts in the COHS sample, with
37.4% of the total sample from the 93/94 cohort compared to 28.8% from the 89/90 cohort
(Table 4.5). Boy and girl distribution was similar between birth cohorts. There were slightly

more boys in the sample than girls.

Children currently residing in Adelaide comprised less than half the sample, followed by
children residing in Mount Gambier. The two older birth cohorts had a slightly higher
proportion of children residing in Adelaide. This difference was not significant between

cohorts.

Table 4.5: Distribution of the initial study sample by year of birth, sex and current residency
(N=1401) (n, column % in brackets)

Born 89/90 Born 91/92 Born 93/94 All

Sex

Boy 205 (50.3) 241 (50.8) 265 (50.6) 711 (50.7)
Girl 198 (49.7) 233 (49.2) 259 (49.4) 690 (49.3)
Current residency

Adelaide 198 (49.1) 214 (45.0) 233 (44.5) 645 (46.5)
Other areas 205 (50.9) 260 (55.0) 291 (55.5) 756 (53.5)
Total (row %) 403 (28.8) 474 (33.8) 524 (37.4) 1401 (100)

Chi-square, p>0.05
Other areas: Mount Gambier, Kingscote and Bordertown

Table 4.6 presents the mean and median ages of children in the three birth cohorts at the

fluorosis examination.

Table 4.6: Age at fluorosis examination by birth cohorts

Mean Median
Birth cohorts
Born 89/90 13.8 13.8
Born 91/92 11.6 11.5
Born 93/94 9.7 9.7
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4.2.2 Dental visits collected from the School Dental Service archive

Dental caries data were available from over 3000 earlier dental examinations conducted by
the SA School Dental Service when the study sample were six, eight and ten years (Table
4.7). Reasonably high numbers of children visited the school dental clinic at each anchor age.
The proportions of children who made visits at different anchor ages were similar between
birth cohorts. However, a higher number of visits made by children from the latest birth

cohorts was recorded. This difference was not statistically significant.

Table 4.7: Number of SA SDS recorded examinations at different anchor ages by birth cohort

(N and % of total numbers of children in each birth cohort in brackets)

Born 89/90 Born 91/92 Born 93/94 All
Age at examination
Age 6 312 (77.4) 378 (79.7) 419 (80.0) 1109 (79.2)
Age 8 315 (78.2) 316 (76.2) 443 (84.5) 1119 (79.9)
Age 10 314 (77.9) 387 (81.6) 276 (52.7) 977 (69.7)

The first two anchor ages, age six and eight, were used for direct comparisons between birth
cohorts and in other analyses for caries. The anchor age ten was only occasionally used

because this age did not include many of children of the latest birth cohort.
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4.2.3 Respondents to the dental perception questionnaire

Respondents to the perception questionnaire were compared between groups by sex, current
residential locations and birth cohorts (Table 4.8). There was no significant difference in sex
and residential distribution among birth cohorts of the respondents to the perception
questionnaire. The distribution was similar to that of the initial study sample as shown in the
Table 4.5. There were relatively fewer participants born in 89/90 when the 93 /94 birth cohort
group had the largest number.

Birth cohorts varied slightly in the distribution of boys and girls. There were more boys in
the cohort 91/92 whereas more girls were in the other two groups. The Adelaide group was
the largest group in each of the three cohort groups. The observed distributions were not

statistically significant.

Table 4.8: Distribution of the respondents to the perception questionnaire by birth cohorts, sex and

current residency (N=898) (n, column % in brackets)

Born 89/90 Born 91/92 Born 93/94 All

Sex

Boys 118 (49.2) 158 (52.0) 178 (50.3) 454 (50.6)

Girls 122 (50.8) 146 (48.0) 176 (49.7) 444 (49.4)
Current residency

Adelaide 109 (45.4) 132 (43.4) 158 (44.6) 399 (44.4)

Other areas 131 (54.6) 172 (56.6) 196 (53.4) 499 (53.6)
Total (row %) 240 (26.7) 304 (33.9) 354 (39.4) 898 (100)

Chi-square, p>0.05
Other areas: Mount Gambier, Kingscote and Bordertown
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4.2.4 Fluorosis examination participants

Fluorosis examination participants (from hereon these participants are called the study
participants or the study sample) were similar in terms of the sex distribution between birth
cohorts. The younger two birth cohorts had a slightly higher proportion of Adelaide

residents (Table 4.9). However, none of the differences were statistically significant.

The age composition of the sample changed slightly when compared to that of the initial
study sample and respondents to the perception questionnaire. The later birth cohort
comprised over 40% of the study sample while the earliest birth cohort comprised just over a
quarter of the total study sample. The relative distribution between birth cohorts had
changed in comparison to the initial study sample. The 89/90 cohort had been reduced by
three per cent while the youngest cohort group had increased by almost four per cent of the

sample.

Table 4.9: Distribution of the study participants by birth cohorts, sex and current residency

(N=677) (n, column per cent in brackets)

Born 89/90 Born 91/92 Born 93/94 All

Sex

Boys 86 (50.3) 117 (52.2) 146 (51.8) 349 (51.6)

Girls 85 (49.7) 107 (47.8) 136 (48.2) 328 (48.4)
Current residency

Adelaide 75 (43.9) 95 (42.4) 129 (45.7) 299 (44.2)

Other areas 96 (56.1) 129 (57.6) 153 (54.3) 378 (55.8)
Total (row %) 171 (25.3) 224 (33.1) 282 (41.7) 677 (100)

Chi-square, p>0.05
Other areas: Mount Gambier, Kingscote and Bordertown
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4.2.5 Comparison of study participants and the initial study sample

Deciduous and permanent caries experience was calculated and compared between the
initial study sample, the group who did not attend a fluorosis examination, and the group
who attended a fluorosis examination, using the caries data collected from the SA SDS
archive. Caries experience was similar between the three groups. The non-participant group
had a slightly lower mean deciduous dmfs score and slightly higher mean permanent DMFS
score. There was a slight difference in permanent caries experience by sex, where girls
attending fluorosis examination had a lower mean DMFS compared to boys, while the
reverse was true for the initial study sample. There were also some differences in DMFS
scores between the two groups. Overall, the study sample had a slightly better oral health
status than the initial study sample when caries experience in the permanent dentition was

taken into account. However, none of the differences were statistically significant.

Table 4.10: The initial study sample, non-participants, and fluorosis examination participants by
dental caries experience (unweighted mean deciduous dmfs and permanent DMFS, SD

in brackets)

Deciduous dmfs Permanent DMFS
Initial sample Non- Study sample | Initial sample Non- Study sample
participants participants

Total 2.40 (4.53) 2.32 (4.43) 2.47 (4.64) 1.04 (2.12) 1.11 (2.19) 0.96 (2.04)
Sex
Boys 2.51 (4.91) 2.34 (4.84) 2.67 (4.98) 1.00 (2.10) 0.99 (1.90) 1.00 (2.29)
Girls 2.27 (4.09) 2.30 (3.96) 2.26 (4.24) 1.07 (2.13) 1.23 (2.45) 0.92 (1.74)
Current residency
Adelaide 1.70 (3.54) 1.60 (3.39) 1.83 (3.95) 1.02 (2.21) 1.12 (2.39) 0.87 (1.84)
Other areas 2.98 (5.04) 3.02 (5.14) 3.00 (5.08) 1.13 (2.09) 1.11 (1.97) 1.04 (2.20)
Birth cohort
Born 89/90 0.53 (1.70) 0.67 (1.87) 0.35(1.42) 1.67 (2.80) 1.58 (2.81) 1.59 (2.72)
Born 91/92 2.20 (3.94) 2.25 (4.57) 2.14 (3.97) 1.07 (2.11) 1.11 (2.04) 0.94 (2.09)
Born 93/94 4.12 (5.60) 4.04 (5.35) 4.00 (5.72) 0.63 (1.36) 0.64 (1.40) 0.61 (1.33)

T test, p>0.05
Other areas: Mount Gambier, Kingscote and Bordertown

69



4.2.6 Socioeconomic status of the study sample

The socioeconomic status of the sample is presented in the Table 4.11. Birth cohorts did not
differ significantly on levels of annual household income. The percentage of children from
households with the lowest income level fluctuated at 40%, while for the highest income

level the percentage was around 14%.

Female parents of the study sample differed between cohorts in terms of level of education
attainment. Those parents of children born in the 89/90 birth cohort were more likely to have
a university education. This proportion was lowest in the latest birth cohort. The level of
education attained by male parents did not differ between cohorts. When the highest level of
education by the two parents was compared, parents of the earliest birth cohort were more

likely to be university educated than parents of the youngest children.

Forty per cent of the female parents of the latest birth cohort were not in the labour force,
whereas this figure was lower among the other birth cohorts. Less than one fifth of the
female parents worked full-time in 2002/03 while just less than half had part-time
employment. The male parents did not differ between cohorts in terms of employment
status. The majority of those parents worked full-time in the labour force. Only few worked
part-time or did not work at all. When the highest employment status of the two parents
were analysed, there were some differences between cohorts in proportion of parents who
worked part-time or who were not in the labour force. Just less than 7% of parents of
children in the latest birth cohort were part-time workers compared with over 15% of the
other birth cohorts. On the other hand, 14.7% of parents of children in the latest birth cohort
did not work compared with 9.1% of the earliest birth cohort. The difference was statistically

significant.
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Table 4.11: Socioeconomic status of the study sample by birth cohorts (unweighted n, weighted

column %)

Born 89/90 Born 91/92 Born 93/94 All
Annual family income (n=598)
<AU$40k 60 (40.6) 84 (42.4) 103 (41.5) 247 (41.5)
AUS$40k to 80k 74 (46.3) 85 (43.8) 112 (43.9) 271 (44.6)
>AU$80k 19 (13.1) 28 (13.8) 33 (14.6) 80 (13.9)

Education attainment, female parent * (n=627)

High school 86 (50.0) 122 (58.8) 167 (61.0) 375 (57.1)
Vocational training 22 (12.9) 37 (15.8) 41 (17.4) 100 (15.6)
University 48 (37.1) 52 (25.3) 50 (21.6) 150 (27.4)

Education attainment, male parent (n=627)

High school 54 (40.1) 78 (47.9) 119 (50.5) 251 (46.6)
Vocational training 39 (29.9) 52 (27.9) 52 (23.9) 143 (27.0)
University 38 (29.9) 35 (24.2) 49 (25.5) 122 (26.4)

Education attainment, highest of the two parents * (n=627)

High school 55 (33.3) 87 (42.1) 130 (47.7) 272 (41.6)
Vocational training 39 (19.8) 56 (24.0) 60 (22.3) 155 (22.2)
University 62 (46.9) 68 (33.9) 70 (30.0) 200 (36.2)

Employment status, female parent * (n=618)

Working full-time 29 (17.7) 46 (18.5) 51 (21.1) 126 (19.2)
Working part-time 85 (58.9) 100 (47.7) 112 (38.1) 297 (47.5)
Currently not working 39 (23.4) 62 (33.8) 94 (40.8) 195 (33.3)

Employment status, male parent (n=515)

Working full-time 113 (83.3) 128 (77.2) 187 (83.7) 428 (81.4)
Working part-time 8(9.3) 14 (9.0) 9 (4.9) 31 (7.6)
Currently not working 10 (7.3) 23 (13.8) 23 (11.4) 56 (11.0)

Employment status, highest of two parents *

Working full-time 123 (75.6) 152 (69.1) 206 (78.4) 481 (74.3)
Working part-time 19 (15.3) 28 (17.1) 22 (6.9) 69 (12.9)
Currently not working 12 (9.1) 28 (13.8) 31 (14.7) 71 (12.8)

* Chi-square, p<0.05
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4.3 Dietary pattern of the study population

The dietary pattern for several foods and drinks consumed is presented in Table 4.12. More
than a third of children reported using sugar and soft drinks daily during the daytime. Some
reported using it before going to bed. A fifth of the children reported having soft drinks
before going to bed and just fewer than 14% of children used sugar at night. A quarter had
chocolate daily during daytime and less than 10% had chocolate at night. Milk was used by a
third of the children both during the daytime and at night.

Table 4.12: Frequency of several foods and drinks consumed in the study population in 2002/03
(unweighted n, weighted %)

Daytime use (n=1240) Use before going to bed (n=894)
n w% n w%

Sugar

Not used 719 58.0 771 86.2

Used 521 42.0 124 13.8
Soft drinks

Not used 686 55.3 734 80.0

Used 555 447 183 20.0
Sweetened soft drinks

Not used 809 65.2 762 87.9

Used 432 34.8 105 12.1
Milk

Not used 776 55.4 653 69.4

Used 464 374 288 30.6
Chocolate

Not used 931 75.1 801 914

Used 309 24.9 75 8.6
Daytime use: Not used: once a day or less; Used: Twice a day or more
Before bed use: Not used: not used at all; Used: Once a day or more
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4.4 Fluoride exposures among South Australian children

4.4.1 Exposure to fluoride from water

Table 4.13 presents the proportion of lifetime the children spent in a fluoridated area by sex,
residential location, and birth cohort. Some 19% of the children had virtually never lived in a
fluoridated area, whereas 63% had lived all their life in a fluoridated area. Another 10% of

the children had 50% or less of their lifetime in a fluoridated area.

There was no significant difference in proportion of lifetime living in a fluoridated area
between groups by sex. There were slightly more girls living in a fluoridated area for their

whole lifetime compared to boys, but the difference was not significant.

The children from different residential locations differed significantly in proportion of
lifetime spent in a fluoridated area. Some 84% of the children from fluoridated Adelaide had
lived all their life in an area with water fluoridation, whereas two-thirds of the children

residing in other areas had 0% lifetime living in a fluoridated area.

Birth cohorts did not significantly differ in proportion of lifetime living in a fluoridated area.
There were slightly more children of the earliest birth cohort who were lifelong residents in a
fluoridated area compared to other two birth cohorts. However, the difference was not

significant.

Table 4.13: Proportion of lifetime of South Australian children spent in a fluoridated area by sex,
residential location, and birth cohorts (n=625) (weighted %)

Proportion of lifetime living in a fluoridated area

Almost 0% Some but less than More than 50% Almost 100%
or equal to 50%

Total 18.5 10.0 8.9 62.6
Sex

Boys 18.6 9.7 11.3 60.4

Girls 18.5 10.2 6.3 65.0
Residential location *

Adelaide 0.0 6.9 9.3 83.8

Other areas 73.2 19.1 7.0 0.6
Birth cohort

Born 89/90 20.8 5.1 6.7 67.4

Born 91/92 16.7 13.1 10.4 59.9

Born 93/94 18.6 10.9 9.0 61.5

* Chi square, p<0.05
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Table 4.14 presents the proportion of public water consumed by South Australian children.
One fifth of the population did not consume public water at all, whereas a similar proportion
of the children consumed public water only. There were no differences in public water
consumption between boys and girls. However, children from different residential areas
differed significantly in the proportion of public water usage. Birth cohorts did not

significantly differ in terms of public water consumption.

Table 4.14: Public water consumption by South Australian children (n=623)

Proportion of public water consumption

Almost none Less than half About half More than half Almost all

Total 19.7 20.9 18.6% 21.5 19.2
Sex
Boys 18.1 22.9 18.4 20.3 20.3
Girls 21.4 19.0 18.7 22.8 18.0

Residential location *

Adelaide 16.9 22.8 19.3 22.6 18.4

Other areas 28.0 15.3 16.6 18.5 21.7
Birth cohort

Born 89/90 19.5 23.6 19.5 19.0 18.4

Born 91/92 19.1 16.8 20.5 21.8 21.8

Born 93/94 20.5 22.8 16.0 23.3 17.4

* Chi square, p<0.05

The estimated lifetime exposure to fluoride in the water supply was cross-tabulated with the
calculated per cent of exposure to fluoride in water until the child’s sixth birthday (Table
4.15). A total of 270 children did not have any exposure to fluoride in water in the first six
years of life or during their lifetime. A group of children who were not exposed to
fluoridated water until age six had been exposed to fluoride subsequently. Some 112 children
were exposed to fluoridated water for more than 50% of their lifetime both in the first six

years and the whole lifetime.

Table 4.15: Cross-tabulation of lifetime exposure to fluoride in water and exposure to fluoride

until age six (n=623) (unweighted n)

Exposure until age six

Lifetime exposure 0% lifetime >0 & <50% lifetime >50% lifetime Total
0% lifetime 270 0 0 270
>0 & <50% lifetime 20 165 23 208
>50% lifetime 0 33 112 145
Total 290 198 135 623
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Boys and girls did not differ significantly in proportion of lifetime exposure to fluoride in
water for the whole lifetime or before the sixth birthday. However, there were still some
variations. Slightly more girls were exposed to fluoridated water for more than 50% of their
lifetime up to age six as compared to boys. Over 35% of girls had more than 50% of their first

six years exposed to fluoride in water compared to less than 30% of boys.

Children from different residential locations, however, differed significantly in lifetime
exposure to fluoride in water. Only a few children from Adelaide, the fluoridated area, had
no exposure to fluoride. Over 37% had more than 50% of their lifetime exposed to optimal
fluoride level. A slightly lower proportion was exposed to fluoridated water for more than
half of their first six years. This proportion was low in the areas other than Adelaide, where

the vast majority had no exposure or less than a half of lifetime exposure to fluoride in water.

Patterns of lifetime exposure to fluoride were also not significantly different between
children born in the three birth cohorts. The earliest birth cohorts (born in 89/90) had a
higher proportion of subjects who had no exposure but fewer children with less than 50%
lifetime exposed to fluoride in water. The distribution in the upper end of the exposure
pattern was similar between cohorts. The distribution of exposure to fluoride until age six

was similar across the birth cohorts.

There were variations in levels of lifetime exposure to water fluoridation between groups by
socioeconomic status. The three income groups were similar in terms of the proportion of
children who had no exposure to fluoride during their entire lifetime. However, children
from households with a lower income were more likely to have more than 50% of their
lifetime exposed to fluoride in water. Children from households with a high income were

more likely to have some but less than or equal to 50% of their lifetime exposed to fluoride.

When fluoride exposure until age six was considered, the proportion of children who had no
exposure and who had more than 50% exposure were inversely related to levels of
household income. The percentage of children who had some but less than 50% of their first

six years of life exposed to fluoride increased as household income levels increased.

Likewise, the proportion of children who had some but less than 50% of their lifetime or the
first six years of life exposed to fluoride was higher among participants whose parents had a
university education. A higher percentage of children with no exposure to fluoride in water
were from families where parents had a high school education or lower. The observed
patterns of the association between income, parental education and exposure to fluoride
were similar when lifetime exposure or exposure until age six was considered. There were no
consistent patterns of association between fluoride exposure and parental employment

status.

75



Table 4.16: Study participants by lifetime exposure to fluoride in water and exposure to fluoride in

water until age six (n=631) (unweighted n, weighted row %)

Lifetime exposure to fluoride in water

Exposure to fluoride in water until age six

0% lifetime >0 & <50% >50% 0% lifetime >0 & <50% >50%
lifetime lifetime lifetime lifetime

Total 270 (19.8) 216 (42.8) 145 (37.5) 295 (26.2) 198 (41.6) 134 (32.2)
Sex

Boys 140 (19.4) 110 (44.2) 71 (36.4) 154 (26.2) 107 (44.9) 61 (28.9)

Girls 130 (20.1) 106 (41.3) 71 (38.6) 141 (25.9) 91 (38.4) 73 (35.7)
Current residency

Adelaide *4 (1.5) 136 (49.2) 133 (49.2) *25(9.5) 130 (48.9) 114 (41.6)

Other areas 266 (73.0) 80 (23.9) 12 (3.1) 270 (73.8) 68 (20.9) 20 (5.3)
Birth cohort

Born 89/90 74 (22.9) 47 (39.1) 36 (38.0) 79 (28.4) 41 (38.5) 37 (33.1)

Born 91/92 84 (17.6) 76 (41.9) 53 (40.5) 93 (24.9) 73 (41.5) 46 (33.6)

Born 93/94 112 (19.0) 93 (47.1) 56 (33.9) 123 (25.3) 84 (44.6) 51 (30.2)
Household income

<AU$40k *101 (18.7) 81 (37.4) 65 (43.9)  *113(26.3) 76 (38.1) 56 (35.6)

AU$40k to 80k 117 (20.5) 93 (43.7) 61 (35.7) 125 (24.8) 90 (43.9) 56 (31.3)

>AU$80k 34 (17.1) 32 (54.9) 14 (28.0) 37 (22.7) 24 (48.5) 17 (28.8)
Parent highest education attainment

High school *132(23.4) 76 (36.3) 64 (40.2) 142 (29.6) 75 (37.8) 52 (32.6)

Vocational 70 (23.0) 58 (48.9) 27 (28.1) 74 (27.0) 51 (42.1) 30 (30.9)

University 67 (13.5) 79 (46.2) 54 (40.4) 78 (21.6) 72 (46.3) 50 (32.1)
Parent employment status

Work full-time 219 (21.4) 159 (43.0) 103 (35.7) 232 (25.8) 152 (43.9) 94 (30.2)

Work part-time 24 (14.1) 23 (35.9) 22 (50.0) 28 (22.0) 20 (34.0) 21 (44.0)

Currently not working 24 (15.2) 28 (46.8) 19 (38.0) 31 (30.3) 22 (36.4) 17 (33.3)

* Chi-square p<0.01
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Table 4.17 presents the distribution of study participants’ place of birth by sex, current

residence and birth cohort. Similarly to the lifetime exposure, the majority of Adelaide

participants were born in fluoridated areas, while the reverse was true for other areas. Place

of birth in relation to water fluoridation did not significantly differ between sexes and birth

cohorts.

Table 4.17: Study participants’ place of birth by sex, current residence and birth cohort (n=605)

(unweighted n, weighted row %)

Born in a non-fluoridated area

Born in a fluoridated area

Total

Sex
Boys
Girls
Current residency *
Adelaide
Mt Gambier

Bordertown &
Kingscote

Birth cohort
Born 89/90
Born 91/92
Born 93/94

284 (24.1)

145 (24.2)
139 (23.8)

15 (5.9)

219 (78.9)

50 (66.7)

77 (27.0)

88 (25.5)
119 (22.3)

321 (75.9)

164 (75.8)
157 (76.2)

244 (94.1)
59 (21.1)

18 (33.3)

75 (73.0)

115 (77.5)
131 (76.7)

* Chi-square p<0.01
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4.4.2 Exposure to fluoridated toothpaste

Just over a quarter of children started toothbrushing with toothpaste in the first year of life,
while 45% started brushing in the second year (Table 4.18). Some 12.2% of children reported
that they started brushing after the third birthday. Overall, over 70% of children commenced
their toothbrushing with toothpaste before their second birthday.

Girls were more likely to start toothbrushing with toothpaste before their first birthday and
after their third birthday, while slightly more boys started brushing during their second and

third years of life. But the differences were not statistically significant.

There was no significant difference in terms of age of commencement of toothbrushing
between residential locations. However, a higher percentage of children residing in areas
other than Adelaide started toothbrushing either early or after 36 months of age. Children
residing in Adelaide were more likely to start brushing with toothpaste between their first

birthday and third birthday compared to their regional counterparts.

There was a significant difference in age when toothbrushing with toothpaste commenced
between birth cohorts. More children who were born in 89/90 started brushing early. The
proportion of children who started brushing in the second year of life increased from the
earliest cohort to the latest cohort. There were more children from the 91/92 birth cohort

who started their toothbrushing in the second year compared to the other two cohorts.

Children from families with different household incomes differed slightly in age when they
started toothbrushing with toothpaste. There were only a few children from the high-income
group who started brushing after their third birthday, whereas there were higher

percentages for lower income groups.

Children whose parents attained a university education were more likely to start brushing in
the first year of life. However, the variations between education attainment groups were not

statistically significant.

Parental employment status was significantly related to the age when toothbrushing
commenced. Children whose parents were full-time workers were more likely to commence
brushing in their first year of life and least likely to start after 36 months of age. Almost 40%
of children whose parents were not currently working started toothbrushing after their

second birthday.
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Table 4.18: Age when brushing with toothpaste started (n=596) (unweighted n, weighted row % in

brackets)
Age when brushing with toothpaste started
<12 months 13 to 24 months 25 to 36 months After 36 months

Total 178 (27.2) 258 (45.6) 75 (15.0) 95 (12.2)
Sex

Boy 87 (24.1) 134 (47.1) 44 (17.9) 40 (11.0)

Girl 91 (30.4) 124 (44.2) 31 (12.0) 45 (13.4)
Current residency

Adelaide 65 (25.4) 117 (47.3) 40 (16.4) 27 (10.9)

Other places 113 (31.8) 141 (41.2) 35 (11.0) 58 (16.0)
Birth cohort *

Born 89/90 47 (34.7) 66 (41.9) 12 (12.5) 20 (10.9)

Born 91/92 56 (21.2) 86 (46.1) 34 (20.8) 26 (11.9)

Born 93/94 75 (27.1) 106 (48.1) 29 (11.2) 39 (13.6)
Household income

<AU$40k 64 (27.9) 99 (43.2) 26 (13.0) 40 (17.1)

AUS$40k to 80k 85 (32.6) 114 (43.7) 31 (124) 31(9.9)

>AU$80k 24 (31.2) 34 (44.2) 10 (19.6) 9 (7.0)
Parent highest education attainment

High school 62 (23.2) 116 (47.0) 39 (17.5) 39 (12.3)

Vocational training 43 (27.7) 68 (50.2) 16 (10.7) 18 (11.4)

University 73 (31.5) 74 (41.8) 18 (14.0) 27 (12.6)
Parent employment status *

Work full-time 148 (29.2) 197 (45.7) 57 (15.3) 58 (9.9)

Work part-time 19 (27.7) 30 (45.4) 8 (14.2) 9(12.7)

Currently not working 9 (12.4) 28 (45.8) 9 (14.5) 16 (27.3)

* Chi-square, p<0.05
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Table 4.19 shows frequency of toothbrushing at different time points. Around 60% of
children brushed their teeth once a day or less when they started toothbrushing. This
percentage decreased as children got older, with almost 60% brushing twice a day or more at
age five, and almost 70% reported brushing at least twice a day at the time of the study in

2002/ 03.

There was no significant difference between sex and residential locations in frequency of
brushing. More girls started toothbrushing once a day or less. However, at age five and at
the time of the study, a greater proportion of girls brushed more times a day when compared
to their boy counterparts. More children residing in Adelaide brushed their teeth at least

twice a day at each time point (i.e. when started, at age five and at the time of the study).

The birth cohorts differed significantly in frequency of toothbrushing at age five. The pattern
was not clear, however. Children of the 91/92 birth cohort brushed their teeth less frequently
than the other two cohorts. A similar pattern of brushing frequency was observed among

birth cohorts at the time of the study.

Children from households with a higher income level tended to brush more frequently. This

trend was statistically significant with the frequency of brushing at the time of the study.

There was no clear pattern of association between parental education level and frequency of
brushing. Children whose parents had a university education tended to brush less frequently
when they commenced brushing. However, this group tended to brush more frequently at

the present time.

Parental employment status was significantly related to frequency of brushing. However, the
pattern was not clear. Children whose parents were not working tended to brush less
frequently when they started toothbrushing. At the time of the study, children from families

where parents were working part-time brushed less frequently than the other two groups.
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Table 4.19: Frequency of brushing when toothbrushing started, at age 5 and at the time of the study
(2002/03) (weighted row % for each time point)

Frequency of brushing

When brushing started (n=611) At age 5 (n=614) In 2002/03 (n=611)
<1/day 2+/day <1/day 2+/day <1/day 2+/day

Total 59.9 40.1 38.1 61.9 30.1 69.9
Sex

Boys 58.1 41.9 39.9 60.1 36.2 63.8

Girls 61.9 38.1 36.2 63.8 23.9 76.1
Current residency

Adelaide 58.5 41.5 37.2 62.8 29.0 71.0

Other places 64.5 35.5 40.4 59.6 33.3 66.7
Birth cohort

Born 89/90 60.6 39.4 *31.2 68.8 30.4 69.6

Born 91/92 58.5 415 47.9 52.1 35.2 64.8

Born 93/94 60.6 39.4 33.8 66.2 247 75.3
Household income

<AU$40k 63.5 36.5 42.7 57.3 *36.2 63.8

AU$40k to 80k 60.2 39.8 36.4 63.6 28.5 71.5

>AU$80k 53.2 46.8 27.8 72.2 21.5 78.5
Parent highest education attainment

High school 59.3 40.7 41.6 58.4 *32.9 67.1

Vocational training 60.9 39.1 38.5 61.5 38.2 61.8

University 60.9 39.1 341 65.9 22.3 77.7
Parent employment status

Work full time *59.5 40.5 36.9 63.1 *28.8 71.2

Work part-time 51.3 48.7 38.5 61.5 43.6 56.4

Currently not working 76.8 23.2 46.3 53.7 25.4 74.6

* Chi-square, p<0.05
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Girls were more likely to use standard concentration fluoride toothpaste (with 1000 ppm of
fluoride) when they started brushing, at age five and at the time of the study (Table 4.20).

The difference between sexes in the type of toothpaste used was statistically significant.

Children from different residential locations did not differ in their reported type of
toothpaste used in childhood and at present. Almost 65% of the children reported using a
children’s low concentration fluoride toothpaste (from 400 to 550 ppm of fluoride) when they

started brushing.

Children born in the earliest birth cohorts were significantly more likely to use standard
toothpaste when they started brushing. The difference was still significant at age five. At the
time of the study, almost all children from the earliest birth cohort brushed their teeth with
standard toothpaste, whereas just less than 20% of children in the latest birth cohort still

used low concentration fluoride toothpaste.

There was a similar pattern of type of toothpaste used between household income levels.
There were fewer children from the moderate-income group who reported using standard

toothpaste when they started brushing and at age five.

There was no significant difference in reported type of toothpaste used between groups by
parental education. At age five, children whose parents had a university education tended to
use a children’s toothpaste. No variations were observed when toothbrushing commenced or

at the time of the study.

Similarly, there was no significant difference in using standard or children’s toothpaste
between groups by parental employment status. Children whose parents were currently not

working were more likely to use standard toothpaste at age five and at the time of the study.
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Table 4.20: Type of toothpaste used when toothbrushing started, at age 5 and at the time of the
study (2002/03) (weighted row %)

Type of toothpaste
When brushing started At age 5 (n=599) In 2002/03 (n=596)
(n=593)
Standard Children Standard Children Standard Children

Total 35.6 64.4 63.3 36.7 86.5 13.5
Sex

Boys *30.6 69.4 60.0 40.0 *83.3 16.7

Girls 40.7 59.3 66.7 33.3 89.6 10.4
Current residency

Adelaide 35.3 64.7 61.8 38.2 85.8 14.2

Other places 36.4 63.6 67.3 32.7 88.7 11.3
Birth cohort

Born 89/90 *71.8 28.2 *92.4 7.6 *95.0 5.0

Born 91/92 255 74.5 64.6 354 85.0 15.0

Born 93/94 17.1 82.9 39.0 61.0 81.7 18.3
Household income

<AU$40k 36.5 63.5 69.1 30.9 86.0 14.0

AU$40k to 80k 35.3 64.7 58.5 415 85.7 14.3

>AU$80k 39.7 60.3 64.1 35.9 90.4 9.6
Parent highest education attainment

High school 324 67.6 60.0 40.0 86.9 13.1

Vocational training 39.3 60.7 66.9 331 87.1 12.9

University 36.7 63.3 64.8 35.2 85.3 14.7
Parent employment status

Work full-time 35.7 64.3 62.1 37.9 86.7 13.3

Work part-time 43.0 57.0 71.8 28.2 82.9 17.1

Currently not working 29.0 71.0 63.8 36.2 91.2 8.8

* Chi square p<0.05

Standard toothpaste: 1000-ppm fluoride toothpaste

Children toothpaste: 400-550-ppm fluoride toothpaste
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About two-thirds of the sample used a smear of toothpaste for each brush when they first
started toothbrushing, while only a few used a full brush head of toothpaste (Table 4.21). At
age five, just under 60% reported using a pea-sized amount of toothpaste. At the time of the
study, around 40% of the children used a full brush head amount of toothpaste for each
brush. There was no notable difference in the reported amount of toothpaste used between

boys and girls.

There was a slightly higher proportion of residents from places other than Adelaide who
reported using a full brush head of toothpaste when they first started toothbrushing, at age
five and at the time of the study. At age five, children who resided in Adelaide were more
likely to use a smear amount and less likely to use a full brush head amount of toothpaste.
The proportion of children using a pea-sized amount of toothpaste per brush was similar

between groups by current residency when toothbrushing started and at age five.

Birth cohorts varied in terms of reported amount of toothpaste used. There were fewer
children from the 93/94 birth cohort who used a full brush head of toothpaste at
commencement of toothbrushing. At age five, more children from the earliest birth cohort
reported using a large amount of toothpaste compared to the other two cohorts. There were
just under 3% of children in the earliest birth cohort who used a smear of toothpaste at the
time of the study, whereas over 10% of children in the other two cohorts did so. This
difference was as expected, since children were from 8 to 13 years of age (i.e. a six-year age

span).

The reported amount of toothpaste used in early childhood was related to household
income. When children from the lower income groups started brushing with toothpaste they
were more likely to use a smear amount of toothpaste compared to the high-income group
who more frequently reported using a pea-sized amount of toothpaste. This difference

diminished, as children got older.

There were no statistically significant differences between groups by parental education and
employment status. Children whose parents attained a university education tended to use a
pea-sized amount of toothpaste. There was no clear pattern of toothpaste use between

groups by employment status.

84



Table 4.21: Amount of toothpaste used when toothbrushing started, at age 5 and at the time of the
study (2002/03) (n=600) (weighted row %)

Amount of toothpaste used for each brush

When brushing started At age 5 (n=600) In 2002/03 (n=600)
(n=596)
Smear Pea size Full Smear Pea Full Smear Pea size Full
brush size brush brush
Sex
Boys 67.4 28.6 3.9 28.8 58.5 12.7 9.2 48.4 42.4
Girls 68.9 255 55 29.5 59.7 10.8 8.5 52.9 38.6
Current residency
Adelaide 68.8 27.8 34 31.0 58.7 10.3 9.0 52.3 38.7
Other areas 66.7 27.2 7.8 23.2 60.6 16.1 8.4 45.8 45.8
Birth cohort
Born 89/90 68.6 254 5.9 30.6 52.9 16.5 *2.9 47.1 50.0
Born 91/92 66.2 28.6 5.2 28.8 61.8 9.4 11.0 45.2 43.8
Born 93/94 70.2 27.0 2.8 28.6 61.3 10.1 11.5 58.7 29.8
Household income
<AU$40k *66.2 29.9 3.9 27.4 62.4 10.3 8.5 50.0 41.5
AU$40k-80k 741 20.8 5.0 32.6 54.7 12.8 8.9 52.7 38.4
>AU$80k 56.4 37.2 6.4 21.8 62.8 15.4 7.8 455 46.8
Parental education
High school 66.8 28.3 4.9 31.8 58.4 9.8 11.8 45.3 42.9
Vocational 75.0 19.1 5.9 25.0 63.2 11.8 8.1 48.1 43.7
University 65.6 30.7 3.7 28.7 57.4 13.9 6.1 57.5 36.4
Parental employment
Work full-time 70.2 251 4.7 291 59.2 11.7 9.1 51.2 39.7
Work part-time 55.1 39.7 5.1 28.2 52.6 19.2 11.4 51.9 36.7
Currently not
working 67.2 28.4 4.5 27.5 66.7 5.8 43 49.3 46.4

* Chi square p<0.05
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Table 4.22 presents the proportion of children with a habit of eating and/or licking
toothpaste. Girls were significantly more likely to have this habit when they started
toothbrushing. Residents from Adelaide were significantly less likely to eat and/or lick
toothpaste compared to children from other areas. There was no significant difference
between birth cohorts when toothbrushing was commenced. However, children from the
latest birth cohort were more likely to report having that habit at age five. There were more
children from families where parents had vocational training that had this habit when they

started toothbrushing.

Table 4.22: Eating and/or licking toothpaste habit when brushing started, and at age five
(n=600) (weighted row %)

Eating and/or licking toothpaste habit

When brushing started (n=595) At age 5 (n=599)
Yes No Yes No

Total 48.9 51.1 38.4 61.6
Sex

Boy *44.5 55.5 36.9 63.1

Girl 53.4 46.6 39.9 60.1
Current residency

Adelaide *46.2 53.8 *36.1 63.9

Other places 56.8 43.2 45.2 54.8
Birth cohort

Born 89/90 494 50.6 *35.9 64.1

Born 91/92 42.7 57.3 29.1 70.9

Born 93/94 54.6 454 49.5 50.5
Household income

<AU$40k 52.2 47.8 42.9 57.1

AU$40k-80k 47.5 52.5 341 65.9

>AU$80k 51.3 48.7 41.0 59.0
Parental education

High school *42.9 571 354 64.6

Vocational 55.6 444 38.2 61.8

University 52.4 47.6 42.6 57.4
Parental employment

Work full-time 50.0 50.0 40.8 59.2

Work part-time 48.7 51.3 33.3 66.7

Currently not working 47.8 52.2 32.8 67.2

* Chi-square, p<0.05
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The components of toothbrushing practice were cross-tabulated with groups by lifetime
exposure to fluoride in water (Table 4.23). There were no significant differences in age when
toothbrushing was commenced between groups by exposure to fluoride in water. Some 57%
of children who had 0% exposure used standard concentration fluoride toothpaste.
However, there was a similar proportion of children who had more than 50% lifetime
exposure who reported using standard concentration fluoride toothpaste. Children in the
group with some but less than or equal to 50% lifetime exposure tended to use low
concentration fluoride toothpaste, and were less likely to use a larger amount of toothpaste
or swallow toothpaste after toothbrushing. Children who had no exposure to fluoridated
water were more likely to use a larger amount of toothpaste at the two time points. This
difference was significant at age five compared with children who had some but less than
50% lifetime exposure. After-toothbrushing routine did not significantly differ between

exposure groups.
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Table 4.23: Components of toothbrushing practice by lifetime exposure to fluoride in water (n=594)

(weighted column %)

Lifetime exposure to fluoride in water

0% lifetime >0 and <50% lifetime >50% lifetime

Age started toothbrushing with toothpaste

Before 24 months 71.4 70.8 75.9

After 24 months 28.6 29.2 241
Toothpaste use when brushing started

Standard F toothpaste 57.8 46.1 56.4

Low F toothpaste 42.2 53.9 43.6
Toothpaste use at age five

Standard F toothpaste 47.0 35.5 46.3

Low F toothpaste 53.0 64.5 53.7
Amount of toothpaste when brushing started

Pea-sized or larger 37.8 30.0 33.2

Smear size 62.2 70.0 66.8
Amount of toothpaste at age five

Full brush head *73.3 67.0 73.7

Pea-sized or less 26.7 33.0 26.3
After-brushing routine when brushing started

Swallowed toothpaste 52.9 47.5 48.0

Rinsed and spat out 471 52.5 52.0
After-brushing routine at age five

Swallowed toothpaste 28.4 20.1 24.6

Rinsed and spat out 71.6 79.9 75.4

* Chi-square, p<0.05
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4.4.3 Exposure to other sources of fluoride

Only a small proportion of the children reported using fluoride supplements in childhood
(Table 4.24). There was no significant difference between boys and girls. Residents from
areas other than Adelaide were significantly more likely to use fluoride supplements (13.8%
versus 2.4%). Children from the earliest birth cohort were more likely to have used fluoride
supplements. However, the difference was not statistically significant. A similar pattern was
observed in the use of a fluoride mouth rinse, with over 8% of the sample reporting using
fluoride mouth rinse. Children residing in regional areas were more likely to use a fluoride

mouth rinse. However, the difference was not statistically significant.

Table 4.24: Use of fluoride supplement and fluoride mouth rinsing in the childhood (n=617)
(unweighted n, weighted % of the sample used)

Use fluoride supplement (n, w %) Use fluoride mouth rinsing (n, w %)

Total 48 (5.5) 51 (8.3)
Sex

Boys 21 (4.4) 24 (7.9)

Girls 27 (6.5) 27 (8.7)
Current residency

Adelaide *6(2.4) 22 (7.9)

Other areas 42 (13.8) 29 (9.4)
Birth cohort

Born 89/90 19 (10.8) 14 (7.3)

Born 91/92 14 (6.2) 21 (10.5)

Born 93/94 15 (4.7) 16 (6.8)

* Chi-square, p<0.05
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Table 4.25 reports the percentage of children who used infant formula and the type of water
used to reconstitute infant formula powder. More than 60% of the sample used infant
formula. Around 70% of them used tap water to reconstitute it. The pattern of infant formula
usage was not significantly related to sex. Significantly more parents of children from
regional areas reported using other water to reconstitute infant formula. While fewer
children in the 91/92 birth cohort were reported to reconstitute infant formula with water
other than tap water, the percentage using tap water to reconstitute infant formula appeared

to be similar across birth cohorts.

Table 4.25: Use of infant formula in the study sample (n=613) (unweighted n, weighted % of the

sample used formula and type of reconstitution)

Use of infant formula

Reconstituted with other water with tap water Total used

Sex
Boys 65 (14.0) 130 (47.1) 200 (61.4)
Girls 44 (9.7) 152 (55.0) 199 (64.9)

Current residency

Adelaide 21 (7.1) *150 (56.1) 174 (63.5)

Other areas 88 (25.6) 132 (35.9) 225 (62.0)
Birth cohort

Born 89/90 26 (12.0) 64 (49.7) 91 (61.7)

Born 91/92 33(9.6) 90 (50.9) 129 (60.9)

Born 93/94 50 (14.4) 125 (51.4) 179 (66.2)

* Chi-square, p<0.05
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4.5 Dental fluorosis among South Australian children

4.5.1 Fluorosis examination data using the TF Index

Table 4.26 presents the percentage of teeth that were examined for the TF index.
Homologous pairs of teeth were similarly available for scoring. The central incisors were
available in around 94% of cases, followed by lateral incisors. Canines were the least
examined, with less than a third of cases having their canines assessed. The first premolars
were examined in just less than half of the children. None of the comparisons of teeth

examined by sex were statistically significant.

Children from different regions differed only slightly in terms of number of individual teeth
available for assessment. The Adelaide group had slightly more of the anterior teeth and

fewer posterior pairs of teeth.

The availability of individual teeth for the TF index was related to age of the children at
fluorosis examination. Children of the earliest birth cohort had significantly more later
erupting teeth present at examination. Only 15% of the latest birth cohort had their first
premolars erupted and less than five per cent had canines in their mouth compared to
around 80% of the earliest cohort. The difference in the number of anterior teeth was not so

critical. At least 90% of cases in any birth cohort group had their incisors present.

Table 4.26: Per cent of teeth examined for the TF index (mean per cent of teeth that were examined

for fluorosis)

Tooth T14 T13 T12 T11 T21 T22 T23 T24
Total 46.7 32.9 88.0 94.4 94.2 89.5 35.2 46.5
Sex
Boys 45.3 29.2 89.1 95.4 95.1 90.8 30.4 45.6
Girls 48.2 36.9 86.9 93.3 93.3 88.1 40.2 47.6

Current residency

Adelaide 431 324 87.6 95.3 95.0 89.6 34.1 43.8
Other areas 49.5 33.3 88.4 93.7 93.7 89.4 36.0 48.7
Birth cohort

Born 89/90 86.0 77.8 92.4 91.8 90.6 92.4 83.6 87.7
Born 91/92 56.3 34.8 92.9 94.2 94.2 93.3 36.6 55.8
Born 93/94 15.2 43 81.6 96.1 96.5 84.8 4.6 14.2
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Table 4.27 presents the distribution of TF scores on central incisors. Almost 15% of children
had a TF score of 1 on their central incisors while less than 10% presented with a TF score of
2. Only a few children were assessed as having a TF score of 3 on these two teeth. There were

no children with a TF score higher than 3.

The severity scores by the TF index were related to sex and current residential location.
Significantly more girls had fluorosis with a TF score of 1 and 2 compared with their boy
counterparts. This difference was more than two-fold when only a TF score of 2 was
considered. The proportion of children having a TF score of 3 was similar between boys and
girls. Almost 16% of the children from Adelaide had a TF score of 1 compared to 10% of the
children from other areas. The difference in proportion having a TF score of 2 was more than
three-fold between the two groups. Differences between birth cohorts will be presented later,

in Section 4.5.5.

Table 4.27: Distribution of participants with different severity scores of TF index (unweighted n,

weighted %, TF score 0 not shown)

TF score on central incisors

TF Score 1 TF Score 2 TF Score 3

Total 88 (14.4) 47 (9.5) 10 (1.8)
Sex *

Boys 39 (12.9) 15 (6.3) 6 (2.0)

Girls 49 (16.2) 32 (13.0) 4(1.7)
Current residency *

Adelaide 49 (16.0) 32 (11.4) 7(2.1)

Other areas 39 (10.1) 15 (3.7) 3(1.2)

* Chi-square p<0.05
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4.5.2 Fluorosis examination data using the Fluorosis Risk Index

Almost all assigned Classification I surface zones were assessed in this study sample for the
presence and severity of fluorosis using the FRI criteria (Table 4.28). Boys and girls did not
differ in the percentage of examined surface zones for this classification. There was also a
similarity in the percentage of available surface zones between groups by residential
locations. The earliest birth cohort had a slightly lower percentage, but not significantly

lower, of Classification I surfaces zones examined.

On the other hand, just less than half of the surface zones which are classified as being
mineralised during the period between the second and the sixth birthday were examined.
This meant that an average of around 23 Classification II surface zones were included in the
assessment. Girls had more of those surface zones present for examination compared to
boys. Birth cohort was strongly related to percentage of Classification II surface zones
present at examination. Children in the 89/90 birth cohort (i.e. aged 12/13 at examination)
had four times the percentage of available surface zones for this classification present

compared to children in the latest birth cohort.

Table 4.28: Percentage of FRI classification I and II surface zones examined for fluorosis (mean per

cent of surfaces that were examined for fluorosis out of the total required surfaces)

FRI classification | FRI classification Il

Total 97.3 48.6
Sex

Boys 97.8 46.2

Girls 96.8 51.1
Current residency

Adelaide 96.8 46.3

Other areas 97.7 50.4
Birth cohort

Born 89/90 94.9 85.9

Born 91/92 98.5 525

Born 93/94 97.8 22.9

Total assigned surface zones: Classification I: 10 surface zones; Classification Il: 48 surface zones
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Less than one fifth of the sample had a FRI score of 1 on at least one of their Classification I
surface zones, whereas 10% had a FRI score of 2 and only two children (0.4%) had a FRI
score of 3 on those surfaces (Table 4.29). Girls were significantly more likely to have a FRI
score of 1 on early-mineralised surface zones compared to boys. However, no such variation
was observed when FRI score 2 or more was considered. There were significantly more
children from the Adelaide group who appeared to have a FRI score of 1 or 2 for fluorosis on
Classification I surface zones. Differences between birth cohorts will be presented later, in

Section 4.5.5.

Table 4.29: Distribution of children with different FRI scores on Classification I surface zones

(unweighted n, weighted %)

FRI scores on Classification | surfaces

FRI Score 1 FRI Score 2 FRI Score 3
Total 136 (22.0) 48 (9.9) 2 (0.4)
Sex *
Boys 60 (18.1) 26 (9.9) 2(1.1)
Girls 76 (26.2) 22 (9.6) 0 (0.0)
Current residency *
Adelaide 73 (23.7) 35(12.0) 2(0.8)
Other areas 63 (16.2) 13 (3.6) 0 (0.0)

* Chi-square, p<0.05

Table 4.30 presents findings observed on Classification II surface zones. The percentage of
children who had different FRI fluorosis scores was similar to those of the Classification I
surface zones. Sex again was related to distribution of FRI scores. There were significantly
more girls with a FRI score of 1 and 2 on Classification II surface zones. However, no notable
differences between residents of fluoridated Adelaide and other non-fluoridated areas were

observed.

Table 4.30: Distribution of children with different FRI scores on Classification II surface zones

(unweighted n, weighted %)

FRI scores on Classification Il surfaces

FRI Score 1 FRI Score 2 FRI Score 3
Total 148 (24.3) 48 (7.8) 2(0.1)
Sex *
Boys 69 (21.2) 17 (5.4) 0(0.0)
Girls 79 (27.5) 30 (10.5) 2 (0.6)
Current residency
Adelaide 71 (24.7) 23 (8.0) 1(0.2)
Other areas 77 (22.8) 24 (7.2) 1(0.1)

* Chi-square, p<0.05
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4.5.3 The prevalence of dental fluorosis

The prevalence of dental fluorosis is measured by the percentage of children (weighted)
having fluorosis as defined by the case definition (see Section 3.3.2.2). The prevalence of
fluorosis in South Australian children as defined by the TF index is reported in Table 4.31
and Table 4.32. The prevalence of fluorosis as defined by the FRI Classification I and 1II is
reported in Table 4.33 and Table 4.34.

4.5.3.1 The prevalence of dental fluorosis defined by the TF index

Children with fluorosis were defined as having a TF score of 1 or higher, and having a TF
score of 2 or higher on their upper tooth across 14 to 24. The prevalence of fluorosis is
presented in Table 4.31. Almost 30% of the sample had at least one tooth with fluorosis. Over

12% of subjects had a TF score of 2 or more on at least one of their upper teeth.

Girls were significantly more likely to have fluorosis on the examined teeth. There is over a
40% difference between the sexes in the prevalence of fluorosis defined by either of the case
definitions. Children living in Adelaide had a significantly higher prevalence of fluorosis
compared to children from other areas. There was almost a 60% difference in the prevalence

of fluorosis defined as having a TF score of 2 or more on upper teeth.

Table 4.31: The prevalence of dental fluorosis defined as having one or more upper teeth with

different TF scores (teeth examined: 14 to 24, unweighted n, weighted % of group

number)
TF score 1+ TF score 2+
n w % Crude OR n w % Crude OR
(95% ClI) (95% Cl)
Total 170 29.6 64 12.6
Sex
Boys 75 *26.0 1 24 *9.7 1
Girls 95 35.4 1.48 (1.02-1.24) 40 16.4 1.75(1.10-2.79)
Current residency
Adelaide 98 *34.0 1.84 (1.29-2.62) 42 *15.0 2.25(1.24-4.10)
Other areas 72 19.5 1 22 6.2 1

* Chi-square, p<0.01
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Table 4.32 presents the prevalence of dental fluorosis which was defined as having a TF score
of 1+ and 2+ on their central incisors. A quarter of subjects had a TF score 1 or more on their
central incisors, while just over 10% had a TF score of 2 or more on at least one of those two

teeth.

Similarly, girls were more likely to have fluorosis as compared to boys, especially in terms of
a TF score of 2 or more. Children currently residing in Adelaide had a significantly higher
prevalence of fluorosis as defined by the case definitions applied to the two teeth. The

difference was more pronounced when TF score of 2+ were considered as the case definition.

Table 4.32: The prevalence of dental fluorosis defined as having one or more central incisors with

different TF scores (teeth examined: 11 & 21, unweighted n, weighted % of group

number)
TF score 1+ TF score 2+
n w % Crude OR n w % Crude OR
(95% CI) (95% CI)
Total 145 26.9 57 11.8
Sex
Boys 60 *215 1 21 *8.4 1
Girls 85 32.3 1.73 (1.22-2.46) 36 15.3 2.00 (1.23-3.26)
Current residency
Adelaide 88 **30.2 1.97 (1.33-2.91) 39 **13.8 253(1.30-4.95)
Other areas 57 15.5 1 18 5.0 1

* Chi-square, p<0.05
** Chi-square, p<0.01
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4.5.3.2 The prevalence of dental fluorosis defined by the FRI

The proportion of children who were defined as having fluorosis by the FRI Classification I
and II case definitions are reported in Table 4.33. More than one fifth of children satisfied the
criteria for the FRI Classification I case definition. A slightly lower per cent of children were

cases by the FRI Classification II case definition.

Study participants did not differ significantly in terms of case status by the FRI Classification
I case definition when sex was considered. There were slightly more cases among girls,
however. There was a significantly higher proportion of girl participants who satisfied the
case definition of FRI Classification II. Over 30% of girls were cases compared to 20% of

boys. The crude odds ratio was 1.75.

Over 30% of Adelaide participants were cases according to the FRI Classification I case
definition, whereas just over 15% of their counterparts from other areas were considered
cases, with the crude odds ratio of 0.46. This difference was statistically significant. The
difference was still observed in the Classification II cases. However, the difference was not

significant.

Table 4.33: The FRI Classification I and II cases by sex and current residence (unweighted n,

weighted row % in brackets)

FRI classification status

Classification | case Classification Il case
n w% Crude OR n w% Crude OR
(95% ClI) (95% ClI)
Total 108 27.5 109 25.1
Sex
Boys 53 241 1 46 201 1
Girls 55 31.8  1.47(0.98-2.20) 63 30.5 1.75(1.16-2.64)
Current residency
Adelaide * 68 30.5 1.87(1.18-2.98) 55 26.6 1.27(0.87-1.84)
Other areas 40 16.8 1 54 20.9 1

@ Number of cases include subjects defined as cases for both classification | & Il
* Chi-square, p<0.05
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A total of 41 children satisfied the case definition for both FRI Classifications I and II (Table
4.34). The total numbers of cases in each of the two classifications were almost identical. Just

fewer than 300 children served as controls for both case definitions.

Table 4.34: Fluorosis Risk Index Classification I by Classification II status (n of subjects)

Classification |

Classification Il Case Control Questionable Total
Case 41 0 68 109
Control 0 297 101 398
Questionable 67 63 40 170
Total 108 360 209 677

4.5.4 Comparison of the two indices

Table 4.35 presents a comparison of the two indices. The vast majority of controls for FRI
Classification I and II were classified as not having fluorosis by the TF Index case definition.
Just over 10% of children who were defined as controls had fluorosis on their upper anterior
teeth. Likewise, a lower percentage of children without fluorosis as assessed by the TF Index
were classified as case for the FRI, around 8% for both FRI case definitions. Less than half of
the children with fluorosis as defined by the TF Index were cases for the FRI Classification I,
and an even lower per cent were cases for the FRI Classification II. Around a third of this
group were classified as questionable for the FRI. High proportions of the questionable

group did not have fluorosis on their upper anterior teeth.

Table 4.35: Cross-tabulation of cases and control defined by the two indices (unweighted n,

weighted row and column %)

TFI case definition *

No fluorosis With fluorosis
n Roww % Col w % n Row w % Col w%
FRI case definition
FRI Classification |
Control 323 86.9 63.1 37 13.1 22.7
Case 34 28.5 7.8 74 71.5 46.8
Questionable 150 69.4 29.0 59 30.6 30.5
FRI Classification Il
Control 358 87.8 68.8 40 12.2 22.7
Case 40 31.2 8.2 69 68.8 43.2
Questionable 109 61.6 23.0 61 38.4 34.2

? Defined as having TF 1+ on teeth from 14 to 24
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4.5.5 Time trend of dental fluorosis

Table 4.36 presents a comparison of the prevalence of dental fluorosis defined as having
different threshold TF scores on upper anterior teeth across the birth cohorts. The earliest
birth cohort had a significantly higher prevalence of fluorosis as compared with the latest
birth cohorts. More than a third of children who were born in 89/90 had a TF score of 1 or
higher on one of their examined teeth. This prevalence was lower among children in the later
birth cohorts. Crude odds ratios indicate that children who were born in the earliest two
birth cohorts had significantly higher chances of having fluorosis compared to the latest birth
cohort. The 91/92 birth cohort had a higher odds compared to the latest birth cohort, but the
95% CI included unity.

There was a marked difference in the percentage of children between the birth cohorts with
one or more upper anterior teeth with TF score 2 or higher. The prevalence of fluorosis
classified with this case definition in the earliest birth cohort was more than twice as high as
that in the latest birth cohort. The prevalence of fluorosis in the 91/92 birth cohort was
intermediate compared with the other two groups. The observed differences were
statistically significant between the earliest and latest birth cohorts. The earliest birth cohort

had almost a 1.7 odds of having fluorosis compared to the latest birth cohort.

Table 4.36: Trend in the prevalence of dental fluorosis defined as having one or more teeth with

different TF scores (teeth examined: 14 to 24, unweighted n, weighted % of group

number)
TF score 1+ TF score 2+
n w % Crude OR n w % Crude OR
(95% ClI) ® (95% CI) @
Birth cohorts

Born 89/90 55 *38.3 1.34 (1.09-1.65) 23 **19.7 1.68 (1.18-2.40)
Born 91/92 54 26.9 1.05 (0.86-1.29) 21 10.5 1.14 (0.82-1.58)
Born 93/94 61 25.2 1 20 8.6 1

* Chi-square, p<0.05
** Chi-square, p<0.01

?Crude odds ratios were calculated on 2x2 tables with the 93/94 birth cohort as reference group
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The fluorosis cases defined as having one or more upper central incisors with a TF score of 1
or more, and having a TF score of 2 or more, are presented in Table 4.37. The difference in
the prevalence of fluorosis defined by either case definition was statistically significant
between the earliest and the latest birth cohorts. There was a clear trend of decreasing
prevalence from the earliest birth cohort toward the latest birth cohorts. The earliest birth
cohorts had significantly higher odds of having fluorosis defined as having a TF score of 1 or

higher on their upper central incisors.

A total of 17.9% of the children born in 89/90 had at least one upper central incisor with TF
score of 2 or more, which was significantly higher than that of the latest birth cohorts.
Observed crude odds ratios were again significant with the 89/90 birth cohort having 1.6
higher odds of having fluorosis compared to the latest birth cohort. The 91/92 birth cohort
had a higher odds compared to the latest birth cohort, but the difference was not statistically

significant.

Table 4.37: Trend in the prevalence of dental fluorosis defined as having one or more upper central
incisors with different TF scores (teeth examined: 11 & 21, unweighted n, weighted %

of group number)

TF score 1+ TF score 2+
n w % Crude OR n w % Crude OR
(95% CI) @ (95% ClI) @
Birth cohorts
Born 89/90 44 *34.7 1.30 (1.05-1.61) 19 *179 1.58 (1.11-2.25)
Born 91/92 48 254 1.08 (0.87-1.33) 19 10.7 1.16 (0.83-1.62)
Born 93/94 53 221 1 19 8.3 1

* Chi-square, p<0.05
** Chi-square, p<0.01

?Crude odds ratios were calculated on 2x2 tables with the 93/94 birth cohort as reference group
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Table 4.38 shows the severity of dental fluorosis on the central incisors by birth cohorts.
There was no difference in the proportion of the children in the three birth cohort groups
who had a TF score of 1 on their central incisors. However, the 89/90 birth cohort was
significantly more likely to have a TF score of 2 compared to the latest birth cohort (16.3%
versus 6.7%). The cohorts did not differ statistically in terms of more severe fluorosis, i.e. TF

score of 3.

Table 4.38: Trend in severity of fluorosis defined as TF scores on the central incisors (unweighted

n, weighted row %, TF score 0 is not shown)

TF score on central incisors

TF Score 1 TF Score 2 TF Score 3
n w% n w% n w%

Birth cohort
Born 89/90 25 15.9 17 *16.3 2 1.7
Born 91/92 29 14.9 15 8.1 4 2.5
Born 93/94 34 14.5 15 6.7 4 1.5

* Chi-square, p<0.05

The prevalence of dental fluorosis defined by the FRI Classification case definitions is
presented in Table 4.39. Children in the 93/94 birth cohort had a slightly lower prevalence of
fluorosis defined by the FRI Classification I case definition compared to the other two cohort
groups. However, that difference was not statistically significant as indicated by chi-square
test and 95% CI of crude odds ratios. The FRI Classification II case definition was strongly
related to birth cohort. Just under half of the earliest birth cohort were cases for the FRI

Classification II, whereas the percentages were much lower for the later two birth cohorts.

Table 4.39: Trend in the prevalence of dental fluorosis defined by FRI classification I and II case

definitions
FRI Classification | FRI Classification Il
n w % Crude OR n w % Crude OR
(95% CI) @ (95% CI) @
Birth cohorts

Born 89/90 23 276  1.03 (0.84-1.26) 51 *47.3 2.83(1.95-4.12)
Born 91/92 39 28.7 1.06 (0.84-1.34) 36 20.6 1.42(1.01-1.99)
Born 93/94 46 26.2 1 22 11.8 1

* Chi-square, p<0.05
** Chi-square, p<0.01

@ Crude odds ratios were calculated on 2x2 tables with the 93/94 birth cohort as reference group
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4.5.6 The relationship of fluoride exposure with the prevalence and

severity of fluorosis

4.5.6.1 The effects of frequency and amount of fluoride exposure on the

experience of fluorosis

4.5.6.1.1 The prevalence and severity of fluorosis defined by the TF index and exposure to

fluoride

Table 4.40 presents the bivariate associations between the prevalence of fluorosis defined as
having a TF score of 1+ and a TF score of 2+ on the central incisors with patterns of
toothpaste use. Children who started toothbrushing with toothpaste in the first three years
had a higher prevalence of fluorosis on the central incisors compared with children who
commenced toothbrushing after the third birthday. However, the differences were not
statistically significant. When the age of commencement of toothbrushing was dichotomised
at the age of 24 months, commencement of toothbrushing was found associated with the
prevalence of fluorosis. Children who started toothbrushing before the age of 24 months had
significantly higher odds of having fluorosis compared to children who commenced

toothbrushing after this age.

More frequent brushing when toothbrushing started increased the chance of having a TF
score of 1. More frequent brushing at age five was associated with a higher prevalence of

fluorosis. But the differences were not statistically significant.

Starting toothbrushing with standard fluoride toothpaste was not associated with having a
TF score of 1 or higher on the central incisors. However, when a higher case threshold was
considered (TF score 2+), commencement of brushing with standard fluoride toothpaste
resulted in significantly higher prevalence of fluorosis. The type of toothpaste used at age of
five was not significantly associated with increased fluorosis defined as having a TF score of
1+. However, there was significantly higher prevalence of cases with a TF score of 2 and
higher among children who reported using standard toothpaste at this age as compared to

low concentration fluoride toothpaste users.

Using a pea-sized or larger amount of toothpaste when toothbrushing commenced
significantly increased the crude odds ratios of having fluorosis defined a TF score of 1+. No
significant difference was observed between the amount of toothpaste used and fluorosis
defined as a TF score of 2 or higher. There was no association between fluorosis and the

amount of toothpaste used at age five.
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Table 4.40: Prevalence of fluorosis defined as having different TF score on the central incisors by

use of toothpaste (unweighted n, weighted % of group number)

TF score 1+ TF score 2+
n w % Crude OR n w % Crude OR
(95% ClI) (95% ClI)
Age when toothbrushing with
toothpaste started °
Before 1! birthday 39 28.3 1.34 (0.81-2.22) 15 13.2 1.38 (0.67-2.86)
From 1% to 2" birthday 62 31.0 1.56 (0.91-2.67) 26 13.7 1.50 (0.69-3.24)
From 2" to 3" birthday 15 20.9 1.01 (0.65-1.57) 4 4.7 0.72 (0.42-1.23)
After 3" birthday 13 20.6 1 5 8.8 1
Age when toothbrushing with
toothpaste started ° (dichotomised
at age 24 months)
Before 2" birthday 101 *30.0 1.44 (1.02-2.03) 41 *13.4 1.88 (1.05-3.38)
After 2" birthday 28 20.9 1 9 6.5 1
Frequency of brushing when
toothbrushing started
Once/day or less 73 24.7 1 32 11.1 1
Twice/day or more 60 28.9 1.23 (0.84-1.78) 19 11.0 0.96 (0.57-1.62)
Frequency of brushing at age
five
Once/day or less 41 23.5 1 15 8.6 1
Twice/day or more 93 304 1.44 (0.98-2.12) 36 13.3 1.61 (0.92-2.82)
Type of toothpaste when
toothbrushing started
Standard fluoride toothpaste 75 29.3 1 34 *16.2 1
Low fluoride toothpaste 58 26.9 0.89 (0.61-1.30) 17 6.4 0.55 (0.33-0.93)
Type of toothpaste at age five
Standard fluoride toothpaste 54 29.5 1 24 *14.1 1
Low fluoride toothpaste 79 24.5 0.78 (0.53-1.14) 27 7.3 0.49 (0.27-0.86)
Amount of toothpaste when
toothbrushing started
Smear size 83 *245 1 18 13.4 1
Pea size or larger 49 34.2 1.60 (1.10-2.34) 33 10.6 1.31 (0.77-2.22)
Amount of toothpaste at age five
Pea size or smaller 101 28.8 1 14 12.9 1
Full brush head size 31 24.5 0.80 (0.53-1.21) 37 10.9 1.24 (0.72-2.15)

* Chi-square, p<0.05

@ Crude odds ratios were calculated on 2x2 tables with starting toothbrushing after the 3™ birthday as reference group
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Two measures of exposure to fluoride in water: lifetime exposure to fluoridated water from
birth to the time of the study and exposure to fluoridated water from birth to age six, the use
of fluoride supplements and infant formula, were evaluated against the prevalence of
fluorosis defined as having different TF score thresholds on the upper central incisors (Table
4.41). Some 14% of children who were not exposed to fluoride in water presented with a
fluorosis score of 1 or more on their central incisors. The prevalence of fluorosis defined by
the same case definition among children who had more than 50% of their lifetime exposure
was twice as high. The prevalence among children who had some but less than or equal to
50% of their lifetime exposure was intermediate to the prevalence of the other two birth
cohorts. The difference was statistically significant. The relationship between exposure until
age six and the prevalence of a TF score of 1+ on the central incisors was similar. The crude
odds ratios for having fluorosis defined by this case definition were significant for groups
with exposure to fluoride in water when compared to having zero per cent of lifetime

exposure.

Some 14% of children who were exposed to water fluoridation for more than half of their life
presented with a TF score of 2+ on their upper central teeth. This figure was lower among
children who were exposed to fluoride to a lesser extent or not exposed at all. Children with
exposure to fluoridated water had three to six times higher the odds of having fluorosis

when compared to those with zero lifetime exposure.

There was no clear relationship between the use of infant formula or fluoride supplements
and the prevalence of fluorosis. Children who did not use fluoride supplements had a

slightly higher prevalence of fluorosis.

104



Table 4.41: Prevalence of fluorosis defined as TF score 1+ on central incisors by exposure to

fluoride in water and other sources of fluoride (unweighted n, weighted % of group

number, crude odds ratios (95% CI))

TF score 1+ TF score 2+
n w % Crude OR n w % Crude OR
(95% ClI) (95% ClI)
Lifetime exposure to F in water ?
0% lifetime 35 **14.6 1 10 **34 1
>0 and <50% lifetime 52 26.8  2.16 (1.21-3.88) 20 10.9 3.66 (1.26-10.66)
>50% lifetime 48 33.7 298 (1.66-5.34) 21 14.0 4.83(1.67-13.99)
Exposure to F in water until age six *
0% lifetime 37 *14.2 1 10 *27 1
>0 and <50% lifetime 53 30.5 2.65 (1.55-4.53) 23 11.5 4.63(1.56-13.74)
>50% lifetime 41 313  2.75(1.58-4.78) 16 14.8 6.22(2.17-17.85)
Use of fluoride supplement
Yes 12 24.2 1 4 6.1 1
No 121 26.2 1.13 (0.50-2.57) 45 10.6 1.88 (0.44-8.04)
Use of infant formula
Yes 95 27.4 1 34 11.0 1
No 38 23.5 0.83 (0.58-1.17) 16 12.9 1.20 (0.74-1.93)

Chi-square: * p<0.05 ** p<0.001

? Crude odds ratios were calculated on 2x2 tables with having 0% lifetime exposure as reference group
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The pattern of association between toothbrushing practice and the severity of fluorosis on
the central incisors is presented in Table 4.42. Commencing toothbrushing in the first three
years of age resulted in a higher chance of having a TF score of 1 or 2 on those teeth
compared to starting brushing after the third birthday. There was a higher per cent of
children who started brushing before the second birthday who had a TF score of 2 than that
of children who started brushing after this time. There were only a few children with a TF
score of 3 and the pattern of any association with age of commencement of brushing was not

clear.

Brushing twice a day or more when toothbrushing started or at age five appeared to result in
a higher chance of having a TF score of 1 or 3 on the upper centrals. Its effect on the chance of

having a TF score of 2 was not clear. The differences were not significant, however.

Children who used standard concentration fluoride toothpaste when they commenced
brushing were more likely to have a TF score of 2 and 3 but less likely to have having a TF
score of 1. A similar pattern was observed when the type of toothpaste at age five was

considered. However, none of these associations was statistically significant.

Children who reported using a pea-sized or larger amount of toothpaste when
toothbrushing commenced were more likely to have a TF score of 1 or 2. However, the
difference was not statistically significant. There was no consistent association between

fluorosis scores and the amount of toothpaste used at age five.
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Table 4.42: Distribution of TF scores on central incisors by pattern of toothpaste use (unweighted

n, weighted row % in bracket, TF score 0 is not shown)

TF score on central incisors

TF Score 1 TF Score 2 TF Score 3
Age started brushing n W% n W% n W%
Before 1% birthday 24 15.1 14 12.7 1 0.3
From 1% to 2™ birthday 36 17.4 21 11.3 5 23
From 2" to 3" birthday 16 18.5 6 6.3 1 1.0
After 3" birthday 3 3.0 1 1.2 1 3.0
Frequency of brushing when
toothbrushing started
Once/day or less 41 14.2 28 10.4 4 1.3
Twice/day or more 41 18.6 14 8.5 5 29
Frequency of brushing at age five
Once/day or less 26 14.8 14 8.1 1 0.5
Twice/day or more 57 17.1 28 10.5 8 2.8
Type of toothpaste when
toothbrushing started
Standard fluoride toothpaste 41 15.5 27 134 7 2.7
Low fluoride toothpaste 41 17.0 15 5.7 2 1.1
Type of toothpaste at age five
Standard fluoride toothpaste 30 13.6 19 13.1 5 3.0
Low fluoride toothpaste 52 17.6 23 7.7 4 1.6
Amount of toothpaste when
toothbrushing started
Smear 50 13.9 27 8.5 6 22
Pea-sized or larger 31 20.9 15 11.9 3 14
Amount of toothpaste at age five
Pea-sized or smaller 64 17.9 33 101 4 0.8
Full brush head size 17 11.6 9 8.1 5 4.7

* Chi-square p<0.05
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Table 4.43 presents the distribution of the TF score on the upper central incisors by exposure
to fluoride in water and other fluoride sources. The per cent of lifetime exposure to fluoride
in water was significantly associated with the TF score. Having some but less than or equal
to 50% of the lifetime exposed to fluoride in water was associated with a 5% increase of a TF
score of 1 or a TF score of 2 compared with having 0% lifetime exposure. Children who had
been exposed to fluoride in water for more than 50% of their lifetime had around a 9%
increase of a TF score of 1 or 2 on the central incisors. There was a similar association
between exposure to fluoridated water until age six and distribution of TF scores on central

incisors.

Children living in a non-fluoridated area who used fluoride supplements had a higher risk
of having fluorosis on their central incisors. However, this difference was not statistically
significant. The percentage of children with a TF score of 1 or higher on the central incisors

was not different between children who used and did not use infant formula.

Table 4.43: Distribution of TF scores on central incisors by exposure to fluoride in water and other

discretionary fluoride (unweighted n, weighted row % in bracket, TF score 0 is not

shown)
TF score on central incisors
TF Score 1 TF Score 2 TF Score 3
Lifetime exposure to fluoridated water * n W% n W% n W%
0% lifetime 25 10.9 9 3.4 2 0.6
>0 and <50% lifetime 32 15.3 17 9.3 3 2.2
>50% lifetime 27 19.3 16 121 5 23
Exposure to fluoridated water until age six *
0% lifetime 27 11.5 9 2.7 1 0.2
>0 and <50% lifetime 30 15.6 19 9.3 4 2.5
>50% lifetime 25 19.7 12 12.3 4 2.6
Use of fluoride supplement ?
Yes 6 15.9 3 6.9 1 1.7
No 30 9.8 11 3.4 8 1.3
Use of infant formula
Yes 61 17.5 28 8.9 6 2.2
No 22 13.1 13 9.8 3 1.4

* Chi-square p<0.05
@ Comparison made among residents from non-fluoridated area only
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4.5.6.1.2 The prevalence and severity of fluorosis defined by the Fluorosis Risk Index and

exposure to fluoride

Table 4.44 presents the percentage of FRI Classification I and II cases by toothbrushing
practice. Starting toothbrushing early did not have a clear effect on the chance of being a FRI
Classification I case. However, age of commencement of toothbrushing was associated with
the chance of being a FRI Classification II case. Crude odds ratios showed that commencing
toothbrushing in the first and second years of age significantly increased the odds of having
fluorosis on those surface zones compared to commencing toothbrushing after the age of 24

months.

The frequency of brushing when toothbrushing commenced did not have a significant effect
on the early forming enamel surface zones. However, brushing twice a day or more
significantly increased the chance of having fluorosis on later forming enamel surface zones.
The crude odds indicated that more frequent brushing was associated with almost two times
the odds of having fluorosis. The difference was slightly higher when frequency of brushing

at age five was considered.

Using standard concentration fluoride toothpaste when toothbrushing started significantly
increased the chance of being a case of fluorosis by FRI case definitions. More than 30% of
children who used standard concentration fluoride toothpaste were cases for either of the
case definitions compared to just over 20% of children who used low concentration fluoride
toothpaste. The crude odds ratios of having fluorosis related to the use of standard
concentration fluoride toothpaste ranged from 1.6 to 3.7 compared with the use of low

concentration fluoride toothpaste.

The amount of toothpaste used was not associated with the chance of being a case defined by
either of the FRI case definitions. Using more than a smear of toothpaste resulted in slightly
higher crude odds ratios of having fluorosis, but these differences were not statistically
significant. There was no significant association between amount of toothpaste used at age

five and distribution of FRI cases of fluorosis.
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Table 4.44: Distribution of FRI cases by patterns of toothbrushing practice at different times

(unweighted n, weighted row % in bracket, control not shown)

FRI Classification | case

FRI Classification Il case

n w % Crude OR n w % Crude OR
(95%Cl) (95%Cil)
Age started brushing ?
Before 1% birthday 30 284 1.17 (0.84-1.62) 32 *278 1.89(1.17-3.05)
From 1 to 2™ birthday 42 26.7 1.18 (0.81-1.68) 42 26.3 2.03(1.22-3.38)
After 2™ birthday 21 22.8 1 13 11.2 1
Frequency of brushing when
toothbrushing started
Once/day or less 52 25.2 1 49 *193 1
Twice/day or more 43 28.9 1.21(0.78-1.87) 43 30.1 1.80(1.15-2.81)
Frequency of brushing at age 5
Once/day or less 29 23.0 1 22 *16.0 1
Twice/day or more 67 291 1.37 (0.88-2.15) 70 28,5 2.12(1.30-3.46)
Type of toothpaste when
toothbrushing started
Low fluoride toothpaste 60 23.7 1 58 *171 1
Standard fluoride toothpaste 29 32.1 1.53(0.98-2.39) 30 35.6 2.64 (1.68-4.16)
Type of toothpaste at age 5
Low fluoride toothpaste 45 *21.0 1 49 *10.1 1
Standard fluoride toothpaste 47 329 1.60(1.01-2.52) 42 314 3.76 (2.16-6.53)
Amount of toothpaste when
toothbrushing started
Smear 61 24.7 1 63 22.7 1
Pea-sized or larger 33 299 1.30(0.83-2.03) 29 255 1.16 (0.73-1.86)
Amount of toothpaste at age five
Pea-sized or smaller 69 26.3 1 72 24.8 1
Full brush head size 26 26.9 1.03 (0.64-1.66) 20 204 0.78 (0.47-1.29)

* Chi-square, p<0.05

@ Crude odds ratios were calculated on 2x2 tables with commencing toothbrushing after 2m birthday as reference group
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Having some exposure to fluoride in the water significantly increased the chance of being a
FRI Classification I case (Table 4.45). Children who were exposed to fluoride in the water had
about a two-fold higher prevalence of being a FRI Classification I case compared to children
who had 0% lifetime exposure. The percentage of FRI Classification II cases were also higher
among children who had more than 0% of their lifetime exposed to fluoridated water, but
the difference was not statistically significant. Exposure to fluoride in the water from birth to
age six had a similar relationship with the prevalence of cases by the FRI classification case
definitions. Crude odds ratios showed significant associations between exposure to

fluoridated water during this period of life and fluorosis.

The use of fluoride supplements in non-fluoridated areas resulted in a lower prevalence of
FRI Classification I cases but a higher prevalence of FRI Classification II cases. However,
neither of the associations was statistically significant. The use of infant formula did not

affect the chance of being a case by either of the FRI case definitions.

Table 4.45: Distribution of FRI cases by exposure to fluoride in water and other discretionary

fluoride (unweighted n, weighted row % in bracket, Control not shown)

FRI classification | case FRI classification Il case
n w % Crude OR n w % Crude OR
(95%Cl) (95%Cl)
Lifetime exposure to F in water ?
0% lifetime 24 *147 1 34 19.0 1
>0 and <50% lifetime 44 30.7 2.54 (1.28-5.03) 34 23.7 1.36 (0.74-2.50)
>50% lifetime 32 28.8 2.31 (1.15-4.65) 28 27.5 1.64 (0.88-3.04)
Exposure to F in water until age six
0% lifetime 31 *211 1 35 *16.6 1
>0 and <50% lifetime 35 26.7 1.85 (1.00-3.43) 37 28.4 2.18 (1.21-3.93)
>50% lifetime 33 31.7 2.40 (1.29-4.49) 24 252 1.93 (1.02-3.63)
Use of fluoride supplement b
Yes 5 14.6 1 9 25.6 1
No 32 17.1 1.10 (0.22-5.52) 39 20.0 0.70 (0.23-2.17)
Use of infant formula
Yes 67 27.8 1 62 23.3 1
No 31 254 0.95 (0.63-1.43) 33 257 1.25(0.83-1.88)

* Chi-square, p<0.05
?Crude odds ratios were calculated on 2x2 tables with having 0% lifetime exposure as reference group
® Comparison made among residents from non-fluoridated area only

111



4.5.6.2 Stratified analyses of the prevalence of fluorosis by lifetime exposure

to fluoride in water and toothbrushing practice

Presented in Table 4.46 through to Table 4.50 are analyses of associations between the
prevalence of fluorosis and patterns of toothbrushing practice when toothbrushing started,
stratified by the three levels of exposure to fluoride in water from birth to age six. Fluorosis

is defined as having a TF score of 1+ or 2+ on the upper central incisors.

The age when brushing with toothpaste commenced was related to the prevalence of
fluorosis but this relationship depended on the exposure to fluoridated water (Table 4.46).
Children with 0% exposure to fluoride in the water had a similar prevalence of fluorosis
regardless of when they commenced their toothbrushing with toothpaste. Among children
with exposure to fluoride in water, commencing brushing before the second birthday was
associated with higher prevalence of fluorosis. Children with more than 50% lifetime
exposure who started brushing before the second birthday had significantly higher

prevalence of fluorosis defined as having a TF score of 2+ on the central incisors.

Table 4.46: The prevalence of fluorosis by lifetime exposure until age six and age started brushing

(W% of group number)

Prevalence of fluorosis *

TF score 1+ TF score 2+

Exposure to F in water Age when brushing with
to age six toothpaste started w% Crude OR (95% Cl) w% Crude OR (95% ClI)
0% lifetime Before 2" birthday 15.1 1 3.2 1
After 2" birthday 14.0 0.92(0.33-2.57) 23  0.99(0.93-1.05)
>0 and <50% lifetime ~ Before 2" birthday 31.3 1 11.8 1
After 2" birthday 23.7  0.68(0.34-1.36) 13.3 1.15(0.42-3.15)
>50% lifetime Before 2" birthday 35.8 1 *19.0 1
After 2" birthday 26.1 0.63 (0.30-1.34) 5.0 0.24 (0.07-0.76)

* Chi-square, p<0.05
? Defined as having TF score of 1+ or 2+ on central incisors

Table 4.47 presents a stratification of children by lifetime exposure to water fluoridation from
birth to age six and type of toothpaste used when toothbrushing started. There was no clear
relationship between the type of toothpaste and fluorosis among children who had 0% of
their lifetime exposed to fluoridated water. Using standard concentration fluoride toothpaste
when toothbrushing started among children with some exposure to fluoride in the water
was associated with higher odds of having fluorosis. Using standard toothpaste when being
exposed to fluoride in water for more than 50% of lifetime increased the risk of having a TF

score of 2+ on the central incisors for almost three times.
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Table 4.47: The prevalence of fluorosis by lifetime exposure and type of toothpaste used when

brushing started (w% of group number)

Prevalence of fluorosis

Exposure to F in Toothpaste type when TF score 1+ TF score 2+

water to age six brushing started w% Crude OR (95% CI) w% Crude OR (95% CI)

0% lifetime Low F toothpaste 18.1 1 3.6 1
Standard F toothpaste 8.9 0.44 (0.15-1.30) 3.6 1.00 (0.16-6.18)

>0 and <50% lifetime Low F toothpaste 28.9 1 8.3 1
Standard F toothpaste 36.1 1.39 (0.75-2.57) 16.7 2.20 (0.89-5.44)

>50% lifetime Low F toothpaste 28.4 1 *11.5 1
Standard F toothpaste 37.2 1.49 (0.80-2.77) 27.4 2.91 (1.41-6.02)

* Chi-square, p<0.05
? Defined as having a TF score of 1+ or 2+ on central incisors

More frequent brushing was not associated with the prevalence of fluorosis irrespective of
the per cent of lifetime exposure to fluoride in water (Table 4.48). Brushing twice a day or
more when toothbrushing started did not significantly increase the risk of having fluorosis

among children with or without an exposure to fluoride in the water.

Table 4.48: The prevalence of fluorosis by lifetime exposure and frequency of brushing when

brushing started (w% of group number)

Prevalence of fluorosis *

Exposure to F in Frequency of brushing TF score 1+ TF score 2+
water to age six when brushing started w%  Crude OR (95% ClI) w% Crude OR (95% Cl)
0% lifetime < 1 time/day 10.8 1 3.2 1
2+ times/day 234 2.54 (0.98-6.50) 43 1.35 (0.22-8.36)
>0 and <50% lifetime <1 time/day 324 1 17.6 1
2+ times/day 259 0.73 (0.40-1.32) | 11.8 0.63 (0.29-1.37)
>50% lifetime < 1 time/day 30.0 1 11.0 1
2+ times/day 34.9 1.25(0.68-2.32)  12.6 1.17 (0.48-2.85)

Chi-square, p>0.05
@ Defined as having TF score of 1+ or 2+ on central incisors
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The amount of toothpaste used had a varying effect on the prevalence of fluorosis at
different levels of exposure to water fluoridation (Table 4.49). Among children with 0% of
the lifetime exposure to fluoridated water, the amount of toothpaste used per brushing was
associated with a slightly higher prevalence of fluorosis but the differences were not
significant. Children with more than 50% lifetime exposure to fluoride in the water who used
more than a smear of toothpaste when toothbrushing commenced had a significantly higher
prevalence of fluorosis defined as having a TF score of 1+ on the central incisors. Using more
than a smear of toothpaste among children with some but less than or equal 50% of their
lifetime exposed to fluoridated water was associated with a higher prevalence of fluorosis

but the differences were not significant.

Table 4.49: The prevalence of fluorosis by lifetime exposure and amount of toothpaste used when

brushing started (w% of group number)

Prevalence of fluorosis °

Exposure to F in Toothpaste amount TF score 1+ Tf score 2+

water to age six when brushing started w%  Crude OR (95% CI) w% Crude OR (95% ClI)

0% lifetime Smear 13.7 1 3.2 1
Pea-sized or larger 17.8 1.36 (0.52-3.57) 4.4 1.42 (0.23-8.85)

>0 and <50% lifetime Smear 291 1 13.3 1
Pea-sized or larger 34.3 1.27 (0.70-2.31) 211 1.74 (0.84-3.60)

>50% lifetime Smear *25.4 1 11.4 1
Pea-sized or larger 46.0 2.50 (1.32-4.76) 141 1.27 (0.52-3.13)

* Chi-square, p<0.05
? Defined as having TF score of 1+ or 2+ on central incisors
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Children with an eating and/or licking toothpaste habit had an increased risk of having
fluorosis, which was more pronounced among children with exposure to fluoride in water
(Table 4.50). Children with 0% of lifetime exposure to fluoride in the water who had this
habit had a higher prevalence of fluorosis but the difference was not significant. Children
with some exposure to fluoridated water who had this habit had a significantly higher
prevalence of fluorosis defined as having a TF score of 1+. Among children with more than
50% of their lifetime exposed to fluoride in the water, having the eating and/or licking
toothpaste habit was associated with 3.7 times higher the likelihood of having a TF score of

2+ on their central incisors compared to children who did not have that habit.

Table 4.50: The prevalence of fluorosis by lifetime exposure and an eating and/or licking

toothpaste habit when brushing started (w% of group number)

Prevalence of fluorosis *

Eating and/or licking
Exposure to F in toothpaste when TF score 1+ TF score 2+
water to age six brushing started w%  Crude OR (95% ClI) w% Crude OR (95% CI)
0% lifetime Never 12.9 1 3.2 1
Eating and/or licking 16.9 1.37 (0.53-3.55) 3.9 1.24 (0.20-7.64)
>0 and <50% lifetime Never *22.3 1 13.3 1
Eating and/or licking 38.8 2.21(1.24-3.93)) i 18.2 1.45 (0.71-2.96)
>50% lifetime Never *26.4 1, *64 1
Eating and/or licking 41.3 1.97 (105-3.68) . 20.0 3.68 (1.42-9.53)

* Chi-square, p<0.05
@ Defined as having TF score of 1+ or 2+ on central incisors
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4.5.7 Risk factors for dental fluorosis

4.5.7.1 Logistic regression models for having dental fluorosis defined by the
TF index

Binary logistic regression models using the Enter method were generated for the prevalence
of dental fluorosis defined as having a TF score of 1+ or 2+ on the upper central incisors. The
results are presented in Table 4.51 to Table 4.53. Independent variables were entered into the
models as a block. Odds ratios and 95% confidence intervals are reported in the tables.
Variables are indicated as significant or non-significant based on 95% confidence intervals of

odds ratios. A variable was statistically significant if its 95% CI did not include unity.

Table 4.51 presents the logistic regression model for the prevalence of fluorosis defined as
having a TF score of 1+ on the central incisors. Sex, lifetime exposure to fluoride in water,
and several patterns of use of toothpaste were contributing factors to the model. Birth cohort

was not significant in the presence of all other factors in the model.

Being a girl was associated with a significantly higher likelihood of having fluorosis
compared to being a boy. Lifetime exposure to fluoride in water was a significant contributor
in the model. Children with exposure to water fluoridation had just less than three times the

odds of having fluorosis compared to children with 0% lifetime exposure.

Children who commenced toothbrushing in the first three years of life had a higher
likelihood of having the condition. The odds ratios for these three groups were not
significant. But the lower end of the 95% CI was close to unity. The ranges of the 95%
confidence intervals of these odds ratios were relatively wide, showing the likely effect of a

low number of cases in these groups.

Using more than a smear amount of toothpaste when toothbrushing commenced had an
odds ratio of 1.8 over use of a smear amount only. An eating and/or licking toothpaste habit
resulted in a significantly higher likelihood (odds ratio: 2.6) of having the condition on the

central incisors.
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Table 4.51: Logistic regression of prevalence of fluorosis defined as TF score 1+ on central incisors

Explanatory variables Odds Ratio (95% ClI)

Explanatory variables Odds Ratio (95% CI)

1. Sex
Boys Ref
Girls **1.94 (1.26-2.98)

2. Birth cohorts

Born 89/90 "$1.27 (0.63-2.57)
Born 91/92 "$1.15 (0.64-2.07)
Born 93/94 Ref

3. Lifetime exposure to F, birth to age six
50%< lifetime **2.89 (1.54-5.42)
0< and <50% lifetime **2.83 (1.47-5.45)

0% lifetime Ref

4. Age brushing started
Before 1% birthday
From 1% to 2™ birthday

"$3.61 (0.87-14.88)
"3.88 (0.97-15.56)

From 2" to 3" birthday " 3.98 (0.95-16.74)
After 3" birthday Ref

5. Infant formula use
Used "°0.91 (0.58-1.42)
Not used Ref

6. Brushing frequency when brushing started

"0.80 (0.49-1.31)

Twice a day or more Ref

Once a day or less

7. Brushing frequency at age five
"°0.79 (0.46-1.34)

Twice a day or more Ref

Once a day or less

8. Type of toothpaste when brushing started
"$1.29 (0.77-2.16)
Low F toothpaste Ref

Standard toothpaste

9. Type of toothpaste at age five
Standard toothpaste "$0.72 (0.40-1.30)

Low F toothpaste Ref

10. Toothpaste amount when brushing started

Pea size or larger *1.79 (1.08-2.98)
Smear size Ref

11. Toothpaste amount at age five
"$1.17 (0.59-2.31)

Pea size or smaller Ref

Full brush head size

12. After brush routine when brushing started
"°0.99 (0.58-1.69)
Rinsed and spat Ref

Swallowed toothpaste

13. After brush routine at age five
"$1.44 (0.82-2.55)
Rinsed and spat Ref

Swallowed toothpaste

14. Eating/licking toothpaste when brushing
started

Yes **2.61 (1.52-4.48)
No Ref

15. Eating/licking toothpaste at age five
Yes "°0.90 (0.50-1.53)
No Ref

16. Use F supplement
Yes "$0.98 (0.38-2.57)
No Ref

Analysis using n=530 with complete data on all variables, Nagelkerke R?=0.21

ns: p>0.05; *: p<0.05; **: p<0.001;

Ref: Reference category for odds ratios

Table 4.52 presents the logistic regression model for the prevalence of fluorosis defined as

having a TF score of 2+ on the central incisors. Sex was a significant factor in the model, with

girls having higher odds of having a TF score of 2 or higher. Having more than 50% or some

but less than or equal to 50% of the first six years of life exposed to fluoride in the water

significantly increased the odds of having fluorosis compared with having 0% lifetime

exposure.




Using standard concentration fluoride toothpaste when toothbrushing commenced increased
the likelihood of having a TF score of 2 or more on the central incisors by 2.7 times,
compared to using low concentration fluoride toothpaste. Having an eating and/or licking
toothpaste habit in the early years was also a significant risk factor for having fluorosis,
defined by this case definition. Patterns of the use of toothpaste at age five were not

significant factors to the model.

Birth cohort was not significant in the model. Children who were born in different birth
cohorts were similar in their likelihood of having fluorosis on their upper central incisors
when all other variables were in the model. The use of fluoride supplements in childhood

and the use of infant formula were not significant factors for the condition.
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Table 4.52: Logistic regression model of prevalence of dental fluorosis defined as TF score 2+ on

central incisors

Explanatory variables Odds Ratio (95% ClI)

Explanatory variables Odds Ratio (95% ClI)

1. Sex
Boys Ref
Girls *2.06 (1.11-3.83)

2. Birth cohorts

Born 89/90 "°0.94 (0.34-2.52)
Born 91/92 "°1.02 (0.41-2.52)
Born 93/94 Ref

3. Lifetime exposure to F, birth to age six
50%< lifetime **7.81(2.44-24.96)
0< and <50% lifetime *5.22 (1.56-17.42)

0% lifetime Ref

4. Age brushing started
Before 1st birthday
1st to 2nd birthday

"1.16 (0.15-8.94)
"1.35 (0.18-10.07)

2nd to 3rd birthday "°0.96 (0.11-8.26)
After 3rd birthday Ref

5. Infant formula use
Used "$1.00 (0.56-1.82)
Not used Ref

6. Brushing frequency when brushing started

"°1.73 (0.88-3.43)

Twice a day or more Ref

Once a day or less

7. Brushing frequency at age five
"°0.53 (0.26-1.09)

Twice a day or more Ref

Once a day or less

8. Type of toothpaste when brushing started
**2.70 (1.37-5.34)
Low F toothpaste Ref

Standard toothpaste

9. Type of toothpaste at age five
"°0.76 (0.32-1.79)
Low F toothpaste Ref

Standard toothpaste

10. Toothpaste amount when brushing started

Pea size or larger "$1.50 (0.76-2.95)

Smear size Ref

10. Toothpaste amount at age five
Full brush "$0.60 (0.21-1.70)

Pea size or smaller Ref

11. After brushing routine when brushing started
"$1.06 (0.51-2.23)
Rinsed and spat Ref

Swallowed toothpaste

11. After brushing routine at age five
Swallowed toothpaste "$1.04 (0.47-2.29)

Rinsed and spat Ref

12. Eating/licking toothpaste when brushing
started

Yes *2.27 (1.03-5.03)
No Ref

13. Eatingl/licking toothpaste at age five

Yes "$1.71 (0.82-3.57)
No Ref
14. Use fluoride supplement

Yes "$0.70 (0.13-3.69)
No Ref

Analysis using N=512 with complete data on all variables, Nagelkerke R?=0.26

ns: p>0.05; *: p<0.05; **: p<0.001;

Ref: Reference category for odds ratios




Table 4.53 presents the logistic regression model for the prevalence of fluorosis defined as

having a TF score 2+ on the central incisors without type of toothpaste used when

toothbrushing started and at age five. The cohort effect was significant. Children who were

in the 89/90 birth cohort had significantly higher odds of having fluorosis compared to the

latest cohort. Other factors remained almost unchanged compared to the model where type

of toothpaste was included.

Table 4.53: Logistic regression model of prevalence of dental fluorosis defined as TF score 2+ on

central incisors without type of toothpaste when toothbrushing started and at age five

Explanatory variables Odds Ratio (95% ClI)

Explanatory variables Odds Ratio (95% ClI)

1. Sex
Boys Ref
Girls *2.24 (1.22-4.12)

2. Birth cohorts

Born 89/90 *2.71(1.27-5.78)
Born 91/92 "$1.94 (0.88-4.29)
Born 93/94 Ref

3. Lifetime exposure to F, birth to age six
50%< lifetime **7.14 (2.27-22.40)
0< and <50% lifetime *5.19 (1.57-17.13)

0% lifetime Ref

4. Age brushing started
Before 1st birthday
1st to 2nd birthday

" 1.71 (0.24-12.35)
" 1.90 (0.27-13.17)

2nd to 3rd birthday "$1.00 (0.12-8.07)
After 3rd birthday Ref

5. Infant formula use

Used "$0.80 (0.43-1.50)
Not used Ref

6. Brushing frequency when brushing started
"$1.46 (0.71-3.00)

Twice a day or more Ref

Once a day or less

7. Brushing frequency at age five
Once a day or less "$0.56 (0.26-1.19)

Twice a day or more Ref

8. Toothpaste amount when brushing started
Pea size or larger *2.04 (1.07-3.91)

Smear size Ref

9. Toothpaste amount at age five
Full brush "°0.65 (0.23-1.84)

Pea size or smaller Ref

10. After brushing routine when brushing started

Swallowed toothpaste "°1.04 (0.49-2.20)

Rinsed and spat Ref

11. After brushing routine at age five
Swallowed toothpaste "®1.46 (0.68-3.15)

Rinsed and spat Ref

12. Eating/licking toothpaste when brushing started
Yes *2.15 (1.00-4.64)
No Ref

13. Eating/licking toothpaste at age five

Yes "$1.40 (0.68-2.92)
No Ref
14. Use fluoride supplement

Yes "°0.64 (0.12-3.43)
No Ref

Analysis using N=512 with complete data on all variables, Nagelkerke R?=0.23

ns: p>0.05; *: p<0.05; **: p<0.001;

Ref: Reference category for odds ratios




4.5.7.2 Logistic regression models for having dental fluorosis defined by the
FRI Classification I and 11

Binary logistic regression models using the Enter method were generated for cases of dental
fluorosis defined by the FRI Classification I and II case definitions. The results are presented
in Table 4.54 through to Table 4.56. Independent variables were entered into the models as a
block. The odds ratios and their 95% confidence intervals are reported in tables. The

variables are indicated as significant if their 95% CI did not include unity.
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Table 4.54 presents the results of the logistic regression model for the FRI Classification I case
definition. Girls had a significantly higher odds ratio of being cases compared to boys.
Having exposure to fluoride in water for more than 50% of the first six years of life resulted
in 2.4 times the likelihood of having the condition. Birth cohorts were not a significant

variable in the model.

Commencing toothbrushing during the second year of life resulted in a significantly higher
likelihood of having the condition on early forming surfaces. Also, using standard
concentration fluoride toothpaste when brushing started was associated with a 2.6 times

higher chance of being a case. Other components of toothbrushing practice were not

significant in the model.

Table 4.54: Logistic regression model of FRI Classification I cases of fluorosis

Explanatory variables Odds Ratio (95% CI)

Explanatory variables Odds Ratio (95% ClI)

1. Sex
Boys Ref
Girls *1.77 (1.07-2.93)

2. Birth cohorts

Born 89/90 "$0.98 (0.52-1.85)
Born 91/92 "$1.04 (0.60-1.80)
Born 93/94 Ref

3. Lifetime exposure to fluoride, birth until age six
50%¢< lifetime **2.41 (1.18-4.91)
0< and <50% lifetime "®1.60 (0.78-3.62)

0% lifetime Ref

4. Age brushing started

Before 12 months "$1.47 (0.59-3.65)

12 to 24 months *1.66 (1.05-3.04)
After 24 months Ref

5. Infant formula use
Used "$1.15 (0.68-1.94)
Not used Ref

6. Brushing frequency when brushing started
"°0.96 (0.57-1.63)

Twice a day or more Ref

Once a day or less

7. Type of toothpaste when brushing started
Standard ** 2.56 (1.46-4.50)
Low F toothpaste Ref

8. Toothpaste amount when brushing started

Pea size or larger "$1.35 (0.80-2.30)
Smear size Ref

9. After brush routine when brushing started
"$1.18 (0.68-2.05)
Rinsed and spat Ref

Swallowed toothpaste

10. Eating/licking toothpaste when brushing started
Yes "$1.27 (0.75-2.17)
No Ref

11. Use of F supplement
Yes "°0.22 (0.02-2.18)
No Ref

Analysis using N=396 with complete data on all variables, Nagelkerke R?=0.14

ns: p>0.05; *: p<0.05; **: p<0.001;

Ref: Reference category for odds ratios
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Table 4.55 presents the logistic regression model for FRI Classification II cases of fluorosis.
Thirty per cent of variance was explained by the model. Being a girl significantly increased
the chance of being a case of fluorosis according to this case definition compared to being a
boy. Children who were born in 89/90 had significantly higher odds of being cases in this
model compared to children from the latest birth cohort. The middle birth cohort group was

not significantly different compared with the latest birth cohort.

Lifetime exposure to fluoride was not a significant factor for being case by this case
definition. Having some exposure to fluoride in water resulted in higher odds of being a
case, but this was not significant. The use of infant formula and fluoride supplements were

also not significant factors in the model.

Children who commenced their brushing with toothpaste before their second birthday had a
significantly higher likelihood of being cases in this model. Compared to children who
commenced brushing after the second birthday, commencing toothbrushing in the first year
of life and in the second year resulted in three times and two times higher odds respectively

of having the condition on enamel surfaces that formed after 24 months of age.

Brushing frequency when toothbrushing was commenced was related to the chance of
having fluorosis on these later forming surfaces. Brushing teeth once a day or less halved the
chance of having fluorosis on later forming enamel surface zones in this model compared to

brushing twice a day or more. Brushing frequency at age five was not a significant predictor.

Another component of toothbrushing practice, the type of toothpaste used when brushing
started, was also a significant factor in the model. Children who reported using standard
concentration fluoride toothpaste at an early age had three times the odds of having fluorosis
on later forming enamel surface zones. The type of toothpaste used at age five was not

significant in the model.
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Table 4.55: Logistic regression model of FRI Classification II cases of fluorosis

Explanatory Odds Ratio (95% ClI) Explanatory variables Odds Ratio (95% ClI)
variables

1. Sex 8. Type of toothpaste when brushing started

Boys Ref Standard toothpaste *3.01 (1.21-7.49)
Girls *2.18 (1.21-3.92) Low F toothpaste Ref

2. Birth cohorts

Born 89/90 **5.40 (2.60-11.19)
Born 91/92 "$2.06 (0.98-4.33)
Born 93/94 Ref

3. Lifetime exposure to fluoride in water
50%x< lifetime "$1.71(0.77-3.3)
0< and <50% lifetime "$1.14 (0.52-2.51)

0% lifetime Ref

4. Age brushing started
Before 12 months
From 12 to 24 months

* 3.07 (1.20-7.84)
*1.99 (1.09-3.63)

After 24 months Ref

5. Infant formula use
Used "$0.7 (0.40-1.23)
Not used Ref

6. Brushing frequency when brushing started

Once a day or less *0.48 (0.25-0.92)

Twice a day or more Ref

7. Brushing frequency at age five
"°0.55 (0.27-1.13)

Twice a day or more Ref

Once a day or less

9. Type of toothpaste at age five
"®0.69 (0.30-1.56)
Low F toothpaste Ref

Standard toothpaste

10. Toothpaste amount when brushing started

Pea size or larger "$1.41 (0.70-2.86)
Smear Ref

10. Toothpaste amount at age five

Full brush "$1.15 (0.40-3.36)
Pea size "$1.34 (0.67-2.67)
Smear Ref

11. After brush routine when brushing started
"°1.50 (0.76-2.94)
Rinsed and spat Ref

Swallowed toothpaste

11. After brush routine at age five
"$0.89 (0.42-1.90)
Rinsed and spat Ref

Swallowed toothpaste

12. Eating/licking toothpaste when brushing
started

Yes "$1.33 (0.64-2.74)
No Ref

13. Eating toothpaste at age five
Yes "$1.72 (0.84-3.54)
No Ref

14. Use of F supplement
Yes "$0.88 (0.27-2.88)
No Ref

Analysis using N=416 with complete data on all variables, Nagelkerke R*=0.30

ns: p>0.05; *: p<0.05; **: p<0.001;

Ref: Reference category for odds ratios




The logistic regression model for all FRI Classification I and II cases for fluorosis is presented
in Table 4.56. Sex, birth cohorts, lifetime exposure to fluoride in water and several

components of toothbrushing practice were significant explanatory factors in the model.

Being a girl was associated with significantly higher odds of being a case for either of the
case definitions. Children who were born in the earliest birth cohort were significantly more
likely to be cases compared to the latest birth cohort. The middle cohort did not significantly

differ from the latest one.

Having exposure to fluoride in water was associated with a higher likelihood of having
fluorosis on early or later forming enamel surface zones combined. The odds were almost
two times higher among children who had more than 50% of their lifetime exposed to

fluoride in water.

Use of standard fluoride toothpaste and having an eating and/or licking toothpaste habit
when toothbrushing commenced was associated with a significantly higher likelihood of
being fluorosis cases as defined by either of these case definitions. Other components of

toothbrushing practice were not significant factors in the model.
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Table 4.56: Logistic regression model of FRI Classification I and II cases of fluorosis

Explanatory variables Odds Ratio (95% ClI)

Explanatory variables Odds Ratio (95% ClI)

1. Sex
Boys Ref
Girls *1.70 (1.08-2.67)

2. Birth cohorts

Born 89/90 *1.81(1.03-3.19)
Born 91/92 "$1.10 (0.64-1.89)
Born 93/94 Ref

3. Lifetime exposure to fluoride in water
>50% lifetime *1.98 (1.03-3.79)
0< and <50% lifetime *1.80 (1.00-3.45)

0% lifetime Ref

4. Age brushing started
"$1.73 (0.76-3.96)
"°1.48 (0.92-2.37)

Before 12 months
From 12 to 24 months

After 24 months Ref

5. Infant formula use
Used "$0.89 (0.56-1.41)

Not used Ref

6. Brushing frequency when brushing started

"$0.71 (0.42-1.21)
Ref

Once a day or less

Twice a day or more

7. Brushing frequency at age five
Once a day or less *0.57 (0.37-0.90)

Twice a day or more Ref

8. Type of toothpaste when brushing started
*2.29 (1.14-4.61)
Ref

Standard toothpaste

Low F toothpaste

9. Type of toothpaste at age five
"$1.06 (0.58-1.93)
Ref

Standard toothpaste
Low F toothpaste

10. Toothpaste amount when brushing started

Pea size or larger "$1.28 (0.75-2.18)

Smear Ref

10. Toothpaste amount at age five

Full brush "$1.13 (0.47-2.69)
Pea size "$1.16 (0.66-2.05)
Smear Ref

11. After brush routine when brushing started
"$1.31(0.76-2.26)
Ref

Swallowed toothpaste

Rinsed and spat

11. After brush routine at age five
"$1.20 (0.67-2.15)
Ref

Swallowed toothpaste

Rinsed and spat

12. Eating/licking toothpaste when brushing
started

Yes
No

*1.80 (1.01-3.21)
Ref

13. Eating/licking toothpaste at age five
"°0.82 (0.46-1.45)
Ref

Yes
No

14. Use of F supplement
Yes
No

"$0.77 (0.26-2.28)
Ref

Analysis using N=391 with complete data on all variables, Nagelkerke R*=0.17

Logistic Regression: ns: p>0.05; *: p<0.05;

**: p<0.001

Ref: Reference category for odds ratios

126



4.5.7.3 Summary of risk factors for dental fluorosis

Summaries of the models for cases of dental fluorosis defined by the TF score and FRI case

definitions are presented in Table 4.57. Significant factors are indicated by odds ratios and

95% CI. Non-significant factors are indicated by ns. Sex was significant in all models, with

being a girl associated with higher odds of having fluorosis. The per cent of lifetime exposure

to fluoride in water was significant in five models.

Table 4.57: Summary of all logistic regression models for fluorosis (odds ratios, 95% CI in brackets)

Model TF 1+ TF 2+ (with TF 2+ (without
toothpaste type) toothpaste type)
Sex
Boys Ref Ref Ref
Girls 1.94 (1.26-2.98) 2.06 (1.11-3.83) 2.24 (1.22-4.12)

Lifetime exposure to fluoride in water °

>50% lifetime
>0 & <50% lifetime

0% lifetime

Toothpaste used when brushing
started

1000-ppm fluoride
<550-ppm fluoride

2.89 (1.54-5.42)
2.83 (1.47-5.55)
Ref

ns
Ref

Eating/licking toothpaste when brushing started

7.81 (2.44-24.96)
5.22 (1.56-17.42)
Ref

2.70 (1.37-5.34)
Ref

7.14 (2.27-22.40)
5.19 (1.57-17.13)
Ref

NA
NA

Yes 2.61 (1.52-4.48) 2.27 (1.03-5.03) 2.15 (1.00-4.64)

No Ref Ref Ref
Amount of toothpaste used when brushing started

Pea size or larger 1.79 (1.08-2.98) ns 2.04 (1.07-3.91)

Smear size Ref Ref Ref
Birth cohorts

Born 89/90 ns ns 2.71 (1.27-5.78)

Born 91/92 ns ns ns

Born 93/94 Ref Ref Ref
Age brushing started

Before 1% birthday 3.80 (1.00-15.59) ns ns

From 1% to 2™ birthday 4.56 (1.14-18.19) ns ns

From 2™ to 3" birthday 4.30 (1.02-18.06) ns ns

After 3" birthday Ref Ref Ref
Model summaries R?=0.21 R?=0.26 R?=0.21

@ For models TF 1+, TF 2+, and FRI CI. I: Lifetime exposure from birth to age six.
For models FRI CI. Il and FRI CI. | & II: Lifetime exposure from birth to the time of the study
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Table 4.57 (cont.): Summary of all logistic regression models for fluorosis (odds ratios, 95% CI in

brackets)
Model FRICI. | FRICL 1l FRICL I &I
Sex
Boys Ref Ref Ref
Girls 1.77 (1.07-2.93) 218 (1.21-3.92)  1.70 (1.08-2.67)

Lifetime exposure to fluoride in water *
>50% lifetime
>0 & <50% lifetime

0% lifetime

Toothpaste used when brushing started

1000-ppm fluoride

2.41 (1.18-4.91)
ns

Ref

2.56 (1.46-4.50)

ns
ns

Ref

3.01 (1.21-7.49)

1.98 (1.03-3.79)
1.80 (1.00-3.45)
Ref

2.29 (1.14-4.61)

<550-ppm fluoride Ref Ref Ref
Eating/licking toothpaste when brushing
started
Yes ns ns 1.80 (1.01-3.21)
No Ref Ref Ref
Amount of toothpaste used when brushing
started
Pea size or larger ns ns ns
Smear size Ref Ref Ref
Birth cohorts
Born 89/90 ns 5.40 (2.60-11.19) 1.81 (1.03-3.19)
Born 91/92 ns ns ns
Born 93/94 Ref Ref Ref
Age brushing started
Before 1% birthday ns 3.07 (1.20-7.84) ns
From 1% to 2™ birthday 1.66 (1.05-3.04) 1.99 (1.09-3.63) ns
After 2" birthday Ref Ref Ref
Model summaries R?=0.14 R?=0.30 R?*=0.17

# For models TF 1+, TF 2+, and FRI ClI. |: Lifetime exposure from birth to age six.

For models FRI ClI. Il and FRI Cl. | & II: Lifetime exposure from birth to the time of the study
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4.5.7.4 Population attributable risk for dental fluorosis

Estimates from the logistic regression models were used to calculate population attributable
risk (PAR) for significant factors in the models. The results for the prevalence of fluorosis
defined as having a TF score of 1+ on the central incisors are presented in Table 4.58. Since
PAR was derived from multivariate models and factors were not mutually exclusive, it was

not additive to 100%.

Population attributable risk for three modifiable factors (lifetime exposure to fluoride in
water, two components of toothbrushing practice) and one unmodifiable factor (sex) were
calculated and reported. Lifetime exposure to fluoride was the factor with the highest PAR
estimate. However, use of toothpaste combined was attributed to more than 50% of

preventable cases of fluorosis in the population.

Some 36% of fluorosis cases were explained by an eating and/or licking toothpaste habit
when toothbrushing commenced. The other component of toothbrushing practice, the use of
more than a smear of toothpaste per brushing, explained 16% of the cases of fluorosis,

defined as having a TF score of 1 on the central incisors, in the population.

Table 4.58: Estimated population attributable risk (PAR) for specific fluoride sources associated

with the prevalence of fluorosis defined as TF score 1+ on the central incisors

N of cases N of control Relative risk PAR % *
(col %) (col %) (95% ClI)
Exposure to F in water until age six years 40 (19-45)
0% lifetime 37 (28.2) 231 (47.3) 1
>0 and <50% lifetime 53 (40.5) 152 (31.1) 1.46
>50% lifetime 41 (31.3) 105 (21.5) 2.14
Eating and/or licking toothpaste when brushing started 36 (21-45)
No 19 (48.5) 257 (37.3) 1
Yes 32 (51.5) 273 (62.7) 2.64
Toothpaste amount when brushing started 16 (3-25)
Smear size 49 (37.1) 157 (43.7) 1
Pea-sized or larger 83 (62.9) 192(56.3) 1.62
Sex 29 (13-40)
Boys 60 (41.4) 276 (55.0) 1
Girls 85 (58.6) 226 (45.0) 1.99

Fluorosis cases are defined as having TF score 1+ on the central incisors
* PAR was derived from logistic regression, and therefore is not additive
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Table 4.59 presents calculated the population attributable risk for fluorosis that was defined
as having a TF score of 2+ on the central incisors. The highest population attributable risk
was associated with exposure to fluoride in water. Just less than a third of fluorosis cases
was attributed to sex. Two components of toothbrushing practice were associated with less
than half of the population attributable risk. PAR associated with an eating and licking
toothpaste habit when children started brushing was at the same level of population risk as
was reported in Table 4.58. Some 22% of the population risk estimates for fluorosis defined
as having a TF score of 2+ were attributed to the use of standard concentration fluoride

toothpaste.

Table 4.59: Estimated population attributable risk (PAR) for specific fluoride sources associated

with the prevalence of fluorosis defined as TF score 2+ on the central incisors

N of cases N of control Relative risk PAR % *
(col %) (col %) (95% CI)
Exposure to F in water until age six years 53 (23-66)
0% lifetime 10 (18.5) 269 (48.8) 1
>0 and <50% lifetime 23 (42.6) 163 (29.5) 2.81
>50% lifetime 21(38.9) 119 (21.7) 7.87
Type of toothpaste when brushing started 22 (9-29)
Low concentration fluoride toothpaste 34 (66.7) 402 (80.2) 1
Standard concentration fluoride toothpaste 17 (33.3) 129 (19.8) 1.63
Eating and/or licking toothpaste when
brushing started
No 19 (37.3) 257 (48.5) 1 36 (3-50)
Yes 32 (62.7) 273 (51.5) 2.30
Sex
Boys 21 (36.8) 315 (53.4) 1 32 (5-47)
Girls 36 (63.2) 275 (46.6) 2.04

Fluorosis cases are defined as having TF score 2+ on the central incisors
* PAR was derived from logistic regression, and therefore is not additive
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4.6 Dental caries among South Australian children

Data on caries experience of the initial study sample (n=1401) whose dental visits to South
Australian School Dental Service clinics were collected from paper-based and computerised
clinical records were analysed to describe the prevalence and severity of caries at different
ages and at the time of the study. Data were weighted to represent the South Australian
child population. The results are reported by socioeconomic characteristics and fluoride

exposures.
4.6.1 The prevalence and severity of dental caries

4.6.1.1 The prevalence and severity of dental caries among 8—I13-year-old

South Australian children

Over 35% of children age 8-13 years old had deciduous caries. A slightly lower proportion of
the children had dental caries on their permanent teeth, as shown in the Table 4.60. Boys and
girls had a similar prevalence of deciduous caries, while girls had slightly higher prevalence
of caries on their permanent teeth. The prevalence of deciduous caries was significantly
lower among Adelaide participants compared with their counterparts from other areas.
There was a difference of 5% in the prevalence of permanent caries between these two
groups by residential location. However, this difference was not statistically significant. The
prevalence of deciduous caries decreased from the earliest to the latest birth cohorts and vice

versa for the prevalence of permanent caries.

Table 4.60: Prevalence of dental caries in SA children in 2002/03 (n=1285) (unweighted n, w%o)

Deciduous caries Permanent caries
n w % n w %
Total 536 36.7 460 35.2
Sex
Boys 278 35.9 217 31.6
Girls 258 354 243 36.5
Residential location
Adelaide 211 *34.8 205 33.8
Other areas 325 47.6 255 37.6
Birth cohorts ®
Born 89/90 53 *11.1 176 *43.6
Born 91/92 196 37.5 154 32.0
Born 93/94 287 54.9 130 27.8

* Chi-square, p<0.01
2 Children from different birth cohorts formed a six-year age span in 2002/03
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Table 4.61 presents the deciduous and permanent caries experience of children aged 8-13
years in 2002/03. Boys and girls did not differ significantly in their deciduous and
permanent dmfs/DMFS scores. Adelaide residents had a significantly lower mean
deciduous dmfs scores. These children also had a lower mean permanent decayed, filled and
missing surfaces, but this difference was not significant. Mean deciduous dmfs at the time of
the study decreased from the earliest to the latest birth cohorts. On the other hand,
permanent caries experience at the time of the study increased from the earliest to the latest

birth cohorts.

Table 4.61: Mean dental caries of the South Australian children aged 8-13 years in 2002/03

Deciduous caries Permanent caries
dmfs SD DMFS SD

Total (n=1285) 1.79 3.78 1.00 2.15
Sex (n=1285)

Boys 1.91 4.07 0.95 2.03

Girls 1.67 3.47 1.06 2.26
Residential location (n=1285)

Adelaide *1.71 3.66 1.00 2.15

Other areas 3.01 5.14 1.07 2.10
Birth cohort (n=1285) *

Born 89/90 *0.39 1.50 1.59 *2.92

Born 91/92 1.59 3.30 0.90 1.92

Born 93/94 3.16 4.91 0.60 1.30

* ANOVA, p<0.01
# Children from different birth cohorts formed a six-year age span in 2002/03
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4.6.1.2 Dental caries experience at different anchor ages

Table 4.62 presents deciduous and permanent dental caries experience of the study
population at different anchor ages. Mean deciduous and permanent caries experience was
generally low at age six. Girls had slightly higher mean deciduous dmfs at this age, but the
difference was not statistically significant. Children from fluoridated Adelaide had

significantly lower mean dmfs compared to children from other areas (1.36 versus 2.67).

At age eight, girls had slightly lower mean deciduous dmfs, but higher mean DMFS scores
compared to boys. Children from fluoridated Adelaide had significantly lower mean
deciduous caries experience. These children also had a lower mean of DMFS scores
compared to their regional non-fluoridated counterparts, but the difference was not

statistically significant.

Mean dmfs at age 10 was slightly higher compared to that at age eight, whereas permanent
caries was notably higher at this age. Sex was significantly associated with deciduous caries
at age ten, with girls having significantly lower dmfs score. However, girls had higher mean
DMEFS compared to boys. This difference was not statistically significant. Children from
fluoridated Adelaide were better off compared to children from other areas in terms of both

deciduous and permanent caries experience recorded at this age.

The anchor ages six and eight will be routinely used in this section. The anchor age 10 will be
used only occasionally because it did not have the majority of children of the latest birth

cohort.
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Table 4.62: Dental caries experience among South Australian children at different ages by sex and

residential location (means dmfs and DMFS, SD)

Deciduous dmfs Permanent DMFS

At age six (n=1109) Mean SD Mean SD
Total 1.45 3.1 0.02 0.14
Sex

Boys 1.43 3.10 0.02 0.13

Girls 1.48 3.13 0.02 0.15
Residential location

Adelaide *1.36 297 0.02 0.13

Other areas 2.67 4.46 0.03 0.27
At age eight (n=1119)
Total 2.46 3.93 0.23 0.75
Sex

Boys 2.62 4.71 0.22 0.72

Girls 2.30 3.93 0.24 0.79
Residential location

Adelaide **2.33 4.21 0.22 0.75

Other areas 4.1 5.56 0.31 0.88
At age ten (n=977)?
Total 2.69 418 0.63 1.55
Sex

Boys *3.09 4.82 0.55 1.42

Girls 2.29 4.08 0.71 1.66
Residential location

Adelaide **2.39 3.94 0.54 1.37

Other areas 3.54 4.70 0.71 1.68

ANOVA, *: p<0.05; **: p<0.01
#Only children who turned ten years old in their visits before or at the time of the study were included
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4.6.1.3 Dental caries experience of the study sample by fluoride exposure

status

4.6.1.3.1 Caries experience by fluoride exposure status at the time of the study in 2002/03

Children who started toothbrushing early had significantly lower caries experience (Table
4.63). Those who started brushing in the first year of life had on average one fewer decayed,
filled or missing deciduous tooth surface compared to children who started brushing in the
third year or later. There was no significant relationship between caries experience and
frequency of brushing when brushing started. However, children who brushed twice a day
or more at age five and at the time of the study had significantly lower caries experience

compared to children who brushed less frequently.

The type of toothpaste used earlier or at the time of the study was not significantly
associated with the dental caries experience of the children. Children who reported using
standard concentration fluoride toothpaste had lower mean deciduous dmfs compared to
children who used low concentration fluoride toothpaste, but no consistent difference in

mean permanent DMFS was observed.

There was no consistent pattern of association between the amount of toothpaste used when
toothbrushing commenced and caries experience. However, using a full brush head of
toothpaste at age five was associated with higher mean permanent DMFS in this bivariate

analysis.

The association between the amount of toothpaste used at the time of the study and caries
experience was significant in this study sample. Using a larger amount of toothpaste per
brush was associated with significantly lower mean deciduous and permanent decayed,

missing and filled surfaces.
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Table 4.63: Dental caries experience in South Australian children aged 8-13 years old in 2002/03 by

toothbrushing practice

Deciduous caries

Permanent caries

Age brushing started (n=1092)
First year
Second year

Third year and later

Frequency of brushing when brushing started
(n=1125)

Once/day or less

Twice/day or more

Frequency of brushing at age 5 (n=1126)
Once/day or less

Twice/day or more

Frequency of brushing in 2002/03 (1128)
Once/day or less

Twice/day or more

Type of toothpaste when brushing started
(n=1090)

Low concentration fluoride toothpaste

Standard concentration fluoride toothpaste

Type of toothpaste at age 5 (n=1107)
Low concentration fluoride toothpaste

Standard concentration fluoride toothpaste

Type of toothpaste in 2002/03 (n=1107)
Low concentration fluoride toothpaste

Standard concentration fluoride toothpaste

Mean

*1.30
1.48
2.38

1.68
1.66

*2.08
1.43

1.56
1.72

2.00
1.33

1.82
1.77

2.25
1.73

Amount of toothpaste used when brushing started (n=1120)

Smear
Pea-sized
Full brush head

Amount of toothpaste used at age five (n=1124)

Smear
Pea-sized
Full brush head

Amount of toothpaste used in 2002/03 (n=1128)
Smear
Pea-sized
Full brush head

1.75
2.31
1.78

1.44
2.16
1.72

*2.84
2.13
1.37

SD

2.75
3.43
4.95

3.50
4.15

4.47
3.25

3.40
3.91

3.77
3.64

3.68
3.82

3.73
3.73

3.65
5.02
3.43

3.10
4.57
3.22

4.29
4.60
2.99

Mean

*0.88
0.76
1.23

0.92
1.09

1.08
0.87

*1.18
0.87

0.84
0.96

0.85
0.87

0.80
0.85

0.94
0.84
1.08

*0.86
0.81
1.55

1.49
0.88
0.84

SD

1.73
1.56
2.79

1.74
2.63

1.94
2.04

2.24
2.04

1.90
1.66

1.91
1.91

1.78
1.82

2.06
1.77
1.42

2.07
1.73
2.53

2.75
1.91
1.80

* ANOVA, p<0.01
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Caries experience of the children at the time of the study by exposure to fluoride in the water
and other discretionary fluoride sources is reported in Table 4.64. There was a significant
association between lifetime exposure to water fluoridation and deciduous caries experience.
Children who had more than 50% of their lifetime exposed to fluoride in the water had mean
deciduous dmfs equal to less than half of that of children who had no exposure. Having
some but less than or equal to 50% of lifetime exposure also reduced mean deciduous dmfs.

No difference in mean permanent DMFS was observed between exposure groups.

Residents of non-fluoridated areas who used fluoride supplements had lower mean
deciduous and permanent decay experience compared with children from the same area

who did not use it. This difference was, however, not significant.

Infant formula users had slightly lower caries experience compared with non-users.

However, neither of the differences was statistically significant.

Table 4.64: Dental caries experience among South Australian children aged 8-13 years old in

2002/2003 by exposure to fluoride in water and other sources of fluoride

Deciduous caries Permanent caries
Mean SD Mean SD
Lifetime exposure to F in water (n=1168)
Exposure = 0 *2.54 4.86 0.89 1.93
>0 and <50% lifetime 2.09 4.56 0.90 2.13
>50% lifetime 1.16 2.51 1.08 2.13
Use of fluoride supplement (n=684) ?
Yes 2.63 4.92 0.63 1.54
No 3.02 5.09 1.09 2.19
Use of infant formula (n=1153)
Yes 1.56 3.31 0.94 1.90
No 2.00 4.71 0.96 2.30

@ Comparison made within residents from non-fluoridated areas only
* ANOVA, p<0.01
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4.6.1.3.2 Caries experience by fluoride exposure status at age six

Mean deciduous and permanent caries experience when children were six years old was
calculated and compared between groups by fluoride exposure. Table 4.65 presents mean
dmfs and DMFS by patterns of toothbrushing practice, per cent of lifetime exposure to
fluoridated water, the use of fluoride supplements and infant formula. Mean permanent
DFMS was negligible. Children who commenced their brushing early had a lower mean
dmfs score compared to children who started brushing after their second birthday. However,

the difference was not statistically significant.

Brushing more frequently reduced dental caries experience in this study population.
Children who brushed twice a day or more when toothbrushing started had a non-
significantly lower mean dmfs score. Doing the same at age five significantly reduced mean

dmfs compared to children who brushed less frequently at that age.

Standard toothpaste users when brushing started and at age five had a lower mean dmfs
score. However, these differences were not statistically significant. There was no clear
pattern of any association between the amount of toothpaste used when brushing started

and at age five with caries experience at age six.

Having exposure to fluoride in the water was significantly related to dental caries experience
at age six among this study sample. Children who did not have any exposure to water
fluoridation had more than twice as high a mean deciduous dmfs compared to children who
had an exposure of more than half their lifetime. Having less than half a lifetime exposure
resulted in almost one fewer decayed, missing or filled deciduous surface at this age.
Children who had more than 50% lifetime exposure had no permanent decay at age six.

However, the difference in permanent caries experience was not statistically significant.

Using fluoride supplement in non-fluoridated areas did not significantly affect dental caries
experience. Infant formula users had slightly lower mean deciduous dmfs, but the difference

was not significant.
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Table 4.65: Caries experience among South Australian children at age six by exposure to fluoride

(means dmfs and DMFS, SD)

Deciduous caries Permanent caries
Mean SD Mean SD
Age started brushing (n=947)
First year 1.67 3.14 0.04 0.35
Second year 1.90 3.53 0.01 0.13
Third year and later 2.41 4.60 0.02 0.17
Frequency of brushing when brushing started
(n=940)
Once/day or less 2.1 3.90 0.03 0.26
Twice/day or more 1.79 3.56 0.01 0.12
Frequency of brushing at age 5 (n=983)
Once/day or less *2.32 4.21 0.02 0.15
Twice/day or more 1.78 3.46 0.03 0.26
Type of toothpaste when brushing started
(n=952)
Standard concentration fluoride toothpaste 1.45 3.25 0.01 0.1
Low fluoride concentration fluoride toothpaste 1.34 2.92 0.02 0.16
Type of toothpaste at age 5 (n=969)
Standard concentration fluoride toothpaste 1.38 3.10 0.02 0.17
Low fluoride concentration fluoride toothpaste 1.36 2.97 0.01 0.1

Amount of toothpaste used when brushing started (n=978)

Smear 1.81 3.47 0.02 0.23
Pea-sized 2.48 4.61 0.04 0.24
Full brush head 1.85 2.88 0.00 0.00

Amount of toothpaste used at age five (n=980)

Smear 1.71 3.45 0.02 0.12
Pea-sized 2.12 3.99 0.03 0.27
Full brush head 1.87 3.33 0.01 0.09

Lifetime exposure to F in water (n=1018)

0% lifetime *2.75 4.39 0.03 0.30
>0 and <50% lifetime 1.77 3.55 0.03 0.18
>50% lifetime 0.92 2.30 0.00 0.06

Use of fluoride supplement (n=322) ?
Yes 2.54 4.66 0.00 0.00
No 2.60 4.26 0.04 0.30

Use of infant formula (n=1005)
Yes 1.98 3.72 0.03 0.26
No 2.04 3.95 0.02 0.14

@ Comparison made within residents from non-fluoridated areas only
* ANOVA, p<0.01
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4.6.1.3.3 Caries experience by fluoride exposure status at age eight

Caries experience at age eight was calculated and compared between groups by exposure to
different fluoride sources (Table 4.66). Associations between caries experience at age eight
and patterns of toothbrushing practice, lifetime exposure to fluoridated water, the use of
supplements and infant formula are presented. Commencing toothbrushing early reduced
both deciduous and permanent caries experience at this age. Children who started brushing
in the first year of life had almost 0.9 fewer deciduous surfaces with caries compared to
children who started brushing after their second birthday. The mean permanent DMFS of the
former group was almost half that of the latter one. However, none of the observed

differences were statistically significant.

Brushing more frequently when toothbrushing started and at age five was associated with
lower mean deciduous and permanent decayed, missing and filled surfaces. The observed

differences were not statistically significant.

There was no clear pattern of association between types of toothpaste used with dental caries

experience. Standard toothpaste users generally had slightly higher mean caries scores.

Lifetime exposure to fluoride in the water was significantly associated with deciduous caries
experience at age eight. Having less than or equal to 50% of the lifetime exposed to fluoride
resulted in one lower deciduous surface with caries experience. Having more than half of the
lifetime exposed to water fluoridation reduced the mean deciduous dmfs more than three
times. Children who were exposed to fluoride in the water had a lower mean permanent
DMFS compared to that of children without any exposure. However, the difference was not

statistically significant.

Children from non-fluoridated areas who used fluoride supplements compared to those who
did not use them did not differ in terms of dental caries experience at age eight. There was
no clear pattern of any association between infant formula use and caries at age eight among

the children.
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Table 4.66: Caries experience among South Australian children at age eight by exposure to fluoride

(means dmfs and DMFS, SD)

Deciduous caries Permanent caries
Mean SD Mean SD
Age started brushing (n=961)
First year 2.78 4.09 0.17 0.56
Second year 3.30 5.02 0.29 0.91
Third year and later 3.67 5.86 0.32 0.93

Frequency of brushing when brushing started (n=993)
Once/day or less 3.33 4.96 0.29 0.90
Twice/day or more 3.12 5.11 0.23 0.68

Frequency of brushing at age 5 (n=995)
Once/day or less 3.50 5.24 0.30 0.90
Twice/day or more 3.08 4.85 0.23 0.74

Type of toothpaste when brushing started (n=962)
Standard concentration fluoride toothpaste 3.29 4.72 0.24 0.76
Low fluoride concentration fluoride toothpaste 3.21 4.72 0.36 0.97

Type of toothpaste at age 5 (n=977)
Standard concentration fluoride toothpaste 3.07 476 0.22 0.71
Low fluoride concentration fluoride toothpaste 3.43 5.05 0.32 0.92

Amount of toothpaste used when brushing started (n=990)

Smear 3.15 4.77 0.22 0.68
Pea-sized 3.67 5.76 0.31 0.89
Full brush head 2.75 4.31 0.48 1.38

Amount of toothpaste used at age five (n=991)

Smear 3.06 4.15 0.15 0.45
Pea-sized 3.31 5.35 0.22 0.73
Full brush head 3.17 4.85 0.26 0.60

Lifetime exposure to F in water (n=1027)

0% lifetime *4.22 5.29 0.31 0.85
>0 and <50% lifetime 3.24 5.68 0.23 0.81
>50% lifetime 1.61 3.12 0.25 0.82

Use of fluoride supplement (n=1004) ?
Yes 4.28 5.82 0.30 1.05
No 4.04 5.36 0.30 0.85

Use of infant formula (n=1017)
Yes 3.18 5.09 0.28 0.85
No 3.55 5.17 0.24 0.79

@ Comparison made within residents from non-fluoridated areas only
* ANOVA, p<0.01
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4.6.2 Cohort trend of dental caries

The caries experience of children in the three birth cohorts was compared at different anchor

ages. The results are presented in Table 4.67 and Table 4.68.

The prevalence of deciduous and permanent caries at age six, eight and ten is tabulated in
Table 4.67. There was no clear trend of change between birth cohorts when dental caries at

age six was considered. The prevalence of permanent caries was negligibly low at this age.

There was a trend of increasing prevalence of deciduous and permanent caries at age eight
from the earliest birth cohort to the latest birth cohort. The prevalence of deciduous caries in
the cohort born in 1993 /94 was higher compared to the other two groups. More than 20% of
children in the latest birth cohort had permanent dental caries, whereas the prevalence was

less then 10% in the other two birth cohorts.

The cohort trend was more pronounced when the prevalence of dental caries at age ten was
considered. The earliest birth cohort had notably lower prevalence of deciduous caries
compared to the later birth cohorts. Birth cohort was significantly related to increasing trend
of the prevalence of permanent dental caries at age ten. The per cent of children in the 89/90

birth cohort who had the disease was less than half that of the other two cohorts.

Table 4.67: Prevalence of dental caries by birth cohort (unweighted n, weighted % of group

numbers)
Deciduous caries Permanent caries
n w% n w%
At age 6
Born 89/90 114 29.3 2 0.6
Born 91/92 147 32.6 7 2.2
Born 93/94 178 30.7 9 1.9
At age 8
Born 89/90 163 *39.0 27 *7.3
Born 91/92 182 43.6 34 6.4
Born 93/94 255 50.0 93 20.3
At age 10
Born 89/90 157 *42.6 56 *10.4
Born 91/92 198 43.3 106 274
Born 93/94 @ 165 54 1 80 30.1

* Chi-square, p<0.01
2 Only children who turned ten years old at their dental visits were included in this group for the analysis
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Table 4.68 presents mean deciduous and permanent decayed, missing and filled surfaces by
birth cohort groups at three ages. Caries experience at age six was similar between cohorts.
The latest birth cohort had slightly higher mean deciduous dmfs. However, this difference

was not statistically significant.

At age eight, children who were born in 1993/94 had a significantly higher mean deciduous
dmfs and permanent DMFS. This birth cohort had 0.9 more decayed, missing or filled
deciduous surfaces compared to the other two cohorts. This birth cohort also had

significantly higher permanent DMFS score compared to that of the earlier birth cohorts.

A similar trend was observed when caries experience at age ten was compared between
cohorts. Children in the latest birth cohort had mean dmfs of 3.9 compared to only 2.6 to 2.8
surfaces of the two earlier birth cohorts. The mean DMFS score of children who were born in
1989/90 was less than half of that of the later two cohorts. All differences between cohorts at

age ten were statistically significant.

Table 4.68: Dental caries experience at different ages by birth cohort (means dmfs and DMFS, SD)

Deciduous caries Permanent caries
Mean SD Mean SD

At age six (n=1190)

Born 89/90 1.43 2.89 0.01 0.08

Born 91/92 1.39 3.12 0.02 0.15

Born 93/94 1.54 3.30 0.02 0.17
At age eight (n=1119)

Born 89/90 *2.97 4.46 **0.15 0.58

Born 91/92 2.96 4.59 0.19 0.69

Born 93/94 3.86 5.75 0.42 1.01
At age ten (n=977)

Born 89/90 **2.59 3.88 **0.33 0.89

Born 91/92 2.77 4.25 0.77 1.82

Born 93/94 @ 3.95 5.27 0.76 1.67

ANOVA, * p<0.01; ** p<0.001
@ Only children who turned ten years old in their dental visits were included in this analysis
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4.6.3 Stratified analysis of dental caries experience by lifetime

exposure to fluoride in water and toothbrushing practice

Deciduous caries experience of the children at age eight was stratified by exposure to
fluoride in the water in the first six years of life and components of toothbrushing practice.
The results are reported in Table 4.69 through to Table 4.73. The statistical significance of
differences involved was tested with Two-way ANOVA.

Among children who had no exposure to fluoride, commencing toothbrushing after 24
months of age was associated with higher mean dmfs scores at age six and eight compared
with commencing brushing earlier than this age (Table 4.69). Children who had less than
50% of their first six years exposed to fluoride had lower mean dmfs than the former group,
even if the latter group commenced brushing after the second birthday. Among this
exposure group, commencing brushing early significantly reduced caries experience. The age
when toothbrushing started did not have a pronounced effect on deciduous caries
experience among children who had more than 50% lifetime exposure to fluoride. This

exposure group had the lowest mean caries at age eight.

Table 4.69: Deciduous caries experience at age six and eight by lifetime exposure to fluoride to age

six and age started toothbrushing (mean dmfs, SD)

Deciduous caries at age 6

Lifetime exposure to fluoride in

water until age six Age started brushing with toothpaste Mean dmfs SD
0% lifetime (n=442) Before 24 months 2.27 3.51
After 24 months 3.69 6.41
>0 and <50% lifetime (n=298) Before 24 months 0.88 2.27
After 24 months 1.53 2.80
>50% lifetime (n=221) Before 24 months 0.92 217
After 24 months 1.39 2.67

Two-way ANOVA, Lifetime exposure to F: p<0.001; Age started brushing: p<0.05

Deciduous caries at age 8

Lifetime exposure to fluoride in

water until age six Age started brushing with toothpaste Mean dmfs SD
0% lifetime (n=442) Before 24 months 3.89 5.05
After 24 months 4.88 6.59
>0 and <50% lifetime (n=298) Before 24 months 1.94 3.48
After 24 months 3.54 6.32
>50% lifetime (n=221) Before 24 months 1.68 2.77
After 24 months 1.73 2.44

Two-way ANOVA, Lifetime exposure to F: p<0.001; Age started brushing: p<0.05
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The per cent of lifetime exposure to fluoride in the water was strongly and inversely related
to the mean deciduous caries experience at age six and eight (Table 4.70). The use of
standard toothpaste for brushing did not consistently lower mean dmfs among children who
had no exposure to fluoride and among children with different degrees of exposure to
fluoride. There was no difference in caries experience at age six and eight between children
who used standard fluoride and low concentration fluoride toothpaste if they had more than

50% lifetime exposure to fluoridated water.

Table 4.70: Deciduous caries experience at age six and eight by lifetime exposure to fluoride to age

six and type of toothpaste used when brushing started and at age five (mean dmfs, SD)

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age six

water until age six Toothpaste used when brushing started at age five
Mean SD Mean SD
0% lifetime Standard 2.50 4.67 259 4,60
Low F 2.88 4.57 286 4.60
>0 and <50% lifetime Standard 1.53 3.28 1.41  2.84
Low F 0.96 2.14 0.87 2.21
re— —— o0 o ol 221 ..................
Low F 1.00 2.15 113 235

Two-way ANOVA, Lifetime exposure to F: p<0.001; Type of toothpaste: p>0.05

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age eight

water until age six Toothpaste used when brushing started at age five
Mean SD Mean SD
0% lifetime Standard 4.25 5.62 455 6.07
Low F 4.68 5.81 436 5.16
>0 and <50% lifetime Standard 2.67 4.56 272 415
Low F 2.62 4.64 256 4.98
re——— Standard 6 - 1_63 .................. 2 81 ..................
Low F 2.15 2.76 202 272

Two-way ANOVA, Lifetime exposure to F: p<0.001; Type of toothpaste: p>0.05
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Brushing teeth more frequently did not consistently reduce caries experience at age six and
eight (Table 4.71). The direction of differences in deciduous caries experience at age six and
eight was inconsistent; both for more frequent brushing when brushing started and at age
five. There was a tendency that having exposure to fluoridated water and brushing teeth
more frequently when toothbrushing started was associated with lower caries experience at
age six. However, the difference between the groups by frequency of toothbrushing was not

statistically significant.

Table 4.71: Deciduous caries experience at age six and eight by lifetime exposure to fluoride and

frequency of brushing when brushing started and at age five (mean dmfs, SD)

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age six
water until age six Frequency of brushing when brushing started at age five
Mean SD Mean SD
0% lifetime Once a day or less 2.68 453 3.27 495
Twice a day or more 2.73 4.77 230 4.29
<50% lifetime Once a day or less 1.24 2.67 1.05 2.30
Twice a day or more 0.94 2.31 1.19 270
>50% lifetime Once a day or less 1.09 2.48 1.26 272
Twice a day or more 0.92 2.04 0.86 1.98

Two-way ANOVA, Lifetime exposure to F: p<0.001; Frequency of brushing: p>0.05

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age eight
water until age six Frequency of brushing when brushing started at age five
Mean SD Mean SD
0% lifetime Once a day or less 410 5.46 458 5.16
Twice a day or more 4.26 5.63 3.89 5.71
<50% lifetime Once a day or less 2.62 3.93 1.98 3.50
Twice a day or more 212 5.41 2.68 4.92
>50% lifetime Once a day or less 1.74 2.92 1.82 3.01
Twice a day or more 1.48 2.33 1.50 242

Two-way ANOVA, Lifetime exposure to F: p<0.001; Frequency of brushing: p>0.05
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Table 4.72 presents an analysis of caries experience at age six and eight stratified by exposure
to fluoride and the amount of toothpaste used. Using a larger amount of toothpaste when
toothbrushing commenced and at age five was not statistically associated with deciduous

caries at age six and eight.

Table 4.72: Deciduous caries experience at age six and eight by lifetime exposure to fluoride and

amount of toothpaste used when brushing started and at age five (mean dmfs, SD)

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age six
water until age six Amount of toothpaste ° when brushing started at age five
Mean SD Mean SD
0% lifetime Larger 3.82 6.36 2.95 4.93
Smaller 2.17 3.37 1.91 3.20
<50% lifetime Larger 1.07 2.08 1.19 2.72
Smaller 117 2.72 1.00 2.09
>50% lifetime Larger 1.33 2.66 1.14 2.36
Smaller 0.82 1.99 0.57 1.93

Two-way ANOVA: Lifetime exposure to F: p<0.001; Amount of toothpaste: p>0.05

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age eight
water until age six Amount of toothpaste ° when brushing started ° at age five °
Mean SD Mean SD
0% lifetime Larger 4.02 4.95 2.77 4.50
Smaller 4.45 6.61 4.42 5.65
<50% lifetime Larger 2.63 4.87 1.71 2.64
Smaller 1.93 3.06 249 4.58
>50% lifetime Larger 1.46 2.47 2.58 3.09
Smaller 1.95 2.94 1.49 2.56

Two-way ANOVA
@ Lifetime exposure to F: p<0.001; Amount of toothpaste: p>0.05

P Lifetime exposure to F: p>0.05; Amount of toothpaste: p>0.05
¢ Amount of toothpaste used:
when brushing started: Larger: Pea-sized or larger; Smaller: Smear size
at age five: Larger: Full brush head size; Smaller: Pea-sized or less
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One of the risk factors for fluorosis in children, an eating and licking toothpaste habit, did
not have a clear effect on dental caries experience either at age six or eight (Table 4.73).
Children with no or some but up to 50% lifetime exposure to fluoridated water who had this
habit when toothbrushing commenced had lower mean caries experience at age six. Children
who had this habit had slightly higher mean dmfs scores at age eight. However, the
observed differences were not statistically significant. In contrast, the per cent of lifetime
exposure to fluoride to age six was strongly and consistently associated with caries

experience.

Table 4.73: Deciduous caries experience at age six and eight by lifetime exposure to fluoride and

eating, licking toothpaste habit when brushing started and at age five (mean dmfs, SD)

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age six
water until age six Eating, licking toothpaste when brushing started at age five
Mean SD Mean SD
0% lifetime Yes 2.28 3.68 2.44 3.57
No 3.17 5.46 2.90 5.28
<50% lifetime Yes 0.99 2.44 1.07 2.40
No 1.33 2.70 1.20 2.70
>50% lifetime Yes 1.20 2.48 1.27 2.45
No 0.88 2.14 0.86 2.17

Two-way ANOVA: Lifetime exposure to F: p<0.001; Eating, licking toothpaste: p>0.05

Lifetime exposure to fluoride in Deciduous dmfs (SD) at age eight
water until age six Eating, licking toothpaste when brushing started at age five
Mean SD Mean SD
0% lifetime Yes 4.31 5.45 4.49 5.43
No 3.96 5.63 3.89 5.58
<50% lifetime Yes 2.62 5.00 2.29 3.55
No 2.25 3.74 2.55 5.05
>50% lifetime Yes 1.69 2.64 1.89 2.78
No 1.52 2.66 1.47 2.57

Two-way ANOVA: Lifetime exposure to F: p<0.001; Eating, licking toothpaste: p>0.05
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4.6.4 Multivariate models of dental caries among South Australian
children 8-13 years old in 2002/03

Linear regression models were generated for deciduous dmfs and permanent DMFS scores
at the time of the study, and for deciduous dmfs at age six and eight. The results are reported

in Table 4.74 through to Table 4.77.

Variables included in the models were: sex; lifetime exposure to fluoride in the water; birth
cohorts; brushing frequency when started, at age five and at the time of the study; type of
toothpaste when started, at age five and at the time of the study; infant formula; use of
fluoride supplement; age toothbrushing started; amount of toothpaste used when started, at
age five and at the time of the study; eating and/ or licking toothpaste when brushing started
and at age five; parental education attainment; daily consumption of fruit, milk, soft drinks,
sweetened drinks, sugar and snacking at the time of the study. Several variables which were
significant in at least one model were reported in the tables for cross-comparison between

the models. Other variables which were not significant in any model were not listed.

The model for deciduous dmfs at the time of the study explained some 16% of variance of
dmfs score in the population (Table 4.74). The summaries of residual statistics showed that
assumptions for the linear regression model were not violated in this model. The mean of the

standardised residual was zero and its standard deviation was close to one.

Sex was not a significant factor for deciduous dmfs at the time of the study. Children who
had a higher per cent of lifetime exposure to fluoride in the water had significantly lower
mean deciduous caries compared to children who had zero exposure. The mean dmfs score
was strongly related to birth cohort, or effectively age. Children who were born in earlier
birth cohorts had significantly lower caries experience. This factor had the highest

standardised coefficient in the model.

Having soft drink daily significantly increased the chance of having a higher mean

deciduous dmfs score. Having sugar daily was not significant in this model.

The age when toothbrushing started and the frequency of brushing did not have a significant
effect on caries experience in this model. Socioeconomic status was also not significant in the

model.
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Table 4.74: Linear regression model for deciduous dmfs at the time of the study

B (SE)* Beta ” 95% Cl of B
Lower Upper
Sex
Boys -0.28 (0.34) -0.04 -0.94 0.37
Girls Ref Ref
Birth cohort
Born in 89/90 **-2.41(0.42) -0.29 -3.23 -1.59
Born in 91/92 **-1.48 (0.39) -0.19 -2.45 -0.70
Born in 93/94 Ref Ref
Per cent lifetime exposure to F in water **-0.02(0.01) -0.17 -0.03 -0.01
Parental education
High school 0.47 (0.48) 0.05 -0.47 1.41
Vocational training 0.00 (0.53) 0.00 -1.04 1.04
University education Ref Ref
Age toothbrushing started 0.02 (0.01) 0.08 -.001 0.04
Use of soft drinks daily
Twice a day or more *0.95 (0.46) 0.10 0.06 1.85
Once a day or less Ref Ref
Use of sugar daily
Twice a day or more 0.27 (0.37) 0.04 -0.47 1.02
Once a day or less Ref Ref
Frequency of toothbrushing when brushing
started
Twice a day or more -0.26 (0.45) -0.03 -1.06 0.54
Once a day or less Ref Ref
Frequency of toothbrushing at age 5
Twice a day or more -0.01 (0.40) -0.01 -0.89 0.70
Once a day or less Ref Ref
Adjusted R square=0.16; *: p<0.05;
Other non-significant variables not listed
®Un-standardised coefficients; ® standardised coefficient
Model summaries
Residuals statistics
Minimum  Maximum Mean SD N
Predicted value -2.1689 7.7048 23102  1.79556 938
Residual -7.1606  30.0022 .0000 4.08106 938
Std. predicted value -2.495 3.004 .000 1.000 938
Std. residual -1.721 7.209 .000 .981 938

a Dependent variable: deciduous dmfs at the time of the study
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Table 4.75 presents the linear regression model for permanent DMFS score at the time of the
study. The summaries of residual statistics showed that assumptions for the linear regression
model were not violated in this model. The mean of standardised residual was zero and its

standard deviation was close to one.

This model explained a lower percentage of the variances of permanent caries experience in
South Australian children than was explained for deciduous caries. Boys and girls did not

differ in terms of permanent caries.

Exposure to fluoride in the water was of borderline significance in the model. A higher per
cent of lifetime exposed to fluoride in the water resulted in lower mean permanent DMFS

score.

There was a strong birth cohort effect on permanent caries experience in the model. Children
who were born in the 89/90 birth cohort had significantly higher mean DMFS scores at the

time of the study.

The age when toothbrushing commenced was not related to mean DMFS score. However,
brushing more frequently at age five was significantly associated with caries experience on
permanent teeth. Other components of toothbrushing practice were not significant in the

model.

Frequent use of sugar daily significantly increased the mean DMEFS score in this study

sample. Other dietary factors were not statistically significant.
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Table 4.75: Linear regression model for permanent DMFS at the time of the study

B (SE)* Beta ” 95% Cl of B
Lower Upper
Sex
Boys -0.15 (0.17) -0.04 -0.48 0.18
Girls Ref Ref
Per cent lifetime exposure to F in water *-0.003 (0.002) -0.06 -0.008 0.00
Birth cohort
Born in 89/90 **0.82 (0.21) 0.21 0.41 1.22
Born in 91/92 0.12 (0.20) 0.03 -0.26 0.51
Born in 93/94 Ref Ref
Parental education
High school 0.18 (0.19) 0.05 -0.20 0.55
Vocational training 0.31 (0.22) 0.07 -0.12 0.75
University education Ref Ref
Age toothbrushing started 0.01(0.01) -0.08 -.001 0.04
Use of soft drinks daily
Twice a day or more 0.21 (0.19) 0.06 -0.16 0.58
Once a day or less Ref Ref
Use of sugar daily
Twice a day or more *0.56 (0.19) 0.15 0.19 0.93
Once a day or less Ref Ref
Frequency of toothbrushing when brushing
started
Twice a day or more 0.23 (0.20) 0.06 -0.17 0.62
Once a day or less Ref Ref
Frequency of toothbrushing at age 5
Twice a day or more *-0.50 (0.20) -0.14 -0.89 -0.10
Once a day or less Ref Ref
Adjusted R square=0.07; *: p<0.05; **: p<0.001
Other non-significant variables not listed
®Un-standardised coefficients; ® standardised coefficient
Model summaries
Residuals statistics
Minimum Maximum Mean Sd N
Predicted value -.7018 3.1366 .9883 .65029 938
Residual -2.9907 17.8634 .0000 1.95865 938
Std. predicted value -2.599 3.304 .000 1.000 938
Std. residual -1.497 8.943 .000 .980 938

a Dependent variable: permanent DMFS at the time of the study
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A linear regression model was generated for deciduous caries experience at age six (Table
4.76). The model explained some 5% of the variance of deciduous caries at this age in the
population. The model summaries of residual statistics showed that assumptions for the
linear regression model were not violated in this model. The mean of standardised residual

was zero and its standard deviation was close to one (0.954).

The per cent of lifetime exposure to fluoride in the water was significantly associated with
deciduous caries experience at this age. There was a negative linear relationship between the

per cent of lifetime exposure to fluoridated water and deciduous caries experience at age six.

The type of toothpaste used when toothbrushing commenced or at age five was not
significant in the model. The age when toothbrushing with toothpaste commenced was not
significantly associated with deciduous caries experience at age six. The birth cohort was not

significantly associated with caries experience in the model.

Parental education was the only significant socioeconomic variable in the model for caries
experience at age six. Children whose parents attained high school education or lower had
significantly higher deciduous caries experience at this age. Drinking milk frequently was

not associated with lower deciduous caries experience at age six.
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Table 4.76: Linear regression model for deciduous caries experience at age six

B (SE)* Beta ” 95% Cl of B
Lower Upper
Sex
Boys -0.05 (0.33) -0.01 -0.70 0.59
Girls Ref Ref
Per cent lifetime exposure to F in water *-0.01(0.01) -0.12 -0.02 -0.002
Birth cohort
Born in 89/90 0.60 (0.49) 0.08 -0.36 1.56
Born in 91/92 -0.05 (0.41) -1.16 -1.28 0.33
Born in 93/94 Ref Ref
Parental education
High school *1.38 (0.44) 0.18 0.52 2.25
Vocational training 0.57 (0.37) 0.09 -0.17 1.30
University education Ref Ref
Age toothbrushing started 0.01(0.01) 0.01 -0.02 0.03
Drink milk daily
Twice a day or more -0.12 (0.37) -0.02 -0.85 0.61
Once a day or less Ref Ref
Toothpaste used when brushing started
Low fluoride toothpaste -0.86 (0.46) -0.13 -1.77 0.05
Standard toothpaste Ref Ref
Toothpaste used at age 5
Low fluoride toothpaste 0.59 (0.44) 0.08 -0.28 1.45
Standard toothpaste Ref Ref
Adjusted R square=0.05; *: p<0.05; **: p<0.001
Other non-significant variables not listed
®Un-standardised coefficients; ® Standardised coefficient
Model summaries
Residuals Statistics
Minimum  Maximum Mean SD N
Predicted value -2.6025 6.1065 1.4935 1.44562 853
Residual -6.1065 30.7540 .0000 3.04550 853
Std. predicted value -2.833 3.191 .000 1.000 853
Std. residual -1.914 9.638 .000 .954 853

a Dependent variable: dmfs score at age six
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A linear regression model was generated for deciduous caries experience at age eight (Table
4.77). The model explained some 9% of the variance of deciduous caries at this age in the
population. The model summaries of residual statistics showed that assumptions for the
linear regression model were not violated in this model. Mean of standardised residual was

zero and its standard deviation was close to one (0.978).

The per cent of lifetime exposure to fluoride in the water was significantly associated with
deciduous caries experience at this age. There was a negative linear relationship between the
per cent of lifetime exposure to fluoridated water and deciduous caries experience at age

eight. There was no significant difference between birth cohorts at age eight in the model.

The type of toothpaste used when toothbrushing commenced or at age five was not
significant in the model. There was a linear relationship between the age when

toothbrushing with toothpaste commenced and deciduous caries experience at age eight.

Parental education was the only significant socioeconomic variable in the model. Children
whose parents attained high school education or lower had significantly higher deciduous
caries experience at this age. Drinking milk frequently was associated with lower deciduous

caries experience at age eight.
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Table 4.77: Linear regression model for deciduous caries experience at age eight

B (SE)* Beta” 95% Cl of B
Lower Upper
Sex
Boys -0.16 (0.45) -0.02 -1.05 0.74
Girls Ref Ref
Per cent lifetime exposure to F in water *-0.02 (0.01) -0.18 -0.04 -0.01
Birth cohort
Born in 89/90 0.47 (0.56) 0.05 -0.64 1.57
Born in 91/92 -1.01 (0.53) -0.11 -2.05 0.03
Born in 93/94 Ref Ref
Parental education
High school *1.67 (0.52) 0.19 0.65 2.70
Vocational training 1.06 (0.60) 0.10 -0.11 2.24
University education Ref Ref
Age toothbrushing started *0.03(0.02) 0.14 0.01 0.06
Drink milk daily
Twice a day or more *-1.03 (0.50) -0.11 -2.00 -0.05
Once a day or less Ref Ref
Toothpaste used when brushing started
Low fluoride toothpaste 1.14 (0.70) 0.15 -0.23 2.50
Standard toothpaste Ref Ref
Toothpaste used at age 5
Low fluoride toothpaste -0.73 (0.60) -0.08 -1.91 0.45
Standard toothpaste Ref Ref
Adjusted R square=0.09; *: p<0.05; **: p<0.001
Other non-significant variables not listed
®Un-standardised coefficients; ® Standardised coefficient
Model summaries
Residuals statistics
Minimum  Maximum Mean SD N
Predicted value -1.1973 9.0742 3.1993 1.67363 828
Residual -7.0283 30.0279 .0000 4.65102 828
Std. predicted value -2.627 3.510 .000 1.000 828
Std. residual -1.478 6.314 .000 978 828

a Dependent variable: dmfs score at age eight
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4.7 Perception of dental appearance and oral health of

South Australian children

4.7.1 Dental Aesthetic Index scores

Table 4.78 presents the number and percentage of children with readings other than 0 for the
ten components of the Dental Aesthetic Index. The ten components of the DAI were
common. More than a third of the children had one crowded section and some 17% had two
crowded sections. Spacing, diastema and maxillary irregularities were observed in about a
third of the children. Mandibular irregularities were more common and were observed in
just less than half children. Mandibular overjet and openbite were recorded in a small

proportion of children.

Table 4.78: The ten components of the Dental Aesthetic Index

Component n w% Minimum Maximum
Missing teeth (number of teeth) 121 15.1 1 8
Crowding

One section 281 37.6 - -

Two section 112 17.0 - -
Spacing

One section 170 27.6 - -

Two section 29 7.4 - -
Diastema (mm) 237 34.5 1 4
Maxillary largest irregularities (mm) 217 31.5 1 6
Mandibular largest irregularities (mm) 311 45.3 1 6
Maxillary overjet (mm) 659 98.2 1 12
Mandibular overjet (mm) 32 4.7 1 4
Open bite 57 7.4 1
Anterior-posterior molar position

Position 1 273 40.4 - -

Position 2 108 13.9 - -

n and w%: number and weighted per cent of children with components’ readings other than 0
minimum: the lowest components’ reading of children with readings other than 0

From hereon, the DAI score reported in tables and figures was a weighted estimate that was
calculated from the components without the missing teeth component. Table 4.79 presents
means and standard deviations of the Dental Aesthetic Index (DAI) scores of 8-13-year-old
South Australian children by sex, residential location, and birth cohort. Sex and residential
location did not significantly differ in terms of mean DAI scores. However, the early birth
cohort had significantly lower DAI scores compared to that of the latest birth cohort.
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Table 4.79: Mean DAI scores of 8-13-year-old South Australian children by sex, residency and year
of birth (n=673) (mean DAI scores, SD)

DAl score ®
Mean SD

Sex

Boys 27.3 6.5

Girls 26.9 7.0
Residential location

Adelaide 26.9 6.5

Other areas 27.8 7.3
Birth cohorts

Born 89/90 *25.1 6.3

Born 91/92 27.7 6.7

Born 93/94 28.1 6.7

4 subjects were not assessable for DAI
@Missing teeth component was not used in calculation of the DAI
* ANOVA, p <0.05

Figure 4.1 demonstrates the distribution of DAI scores among the sample. Few subjects were
at the either end of the range, most aesthetic and least aesthetic. The majority of the sample

had their DAI score below the aesthetically unacceptable cut-off point (DAI of 35).

Figure 4.1: Cumulative percentage of DAI scores of 8-13-year-old children
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Table 4.80 presents distribution of DAI scores by responses to items in the perception
questionnaire that were occlusion-related. Respondents were asked to indicate their

perception of their (their children’s) shape of front teeth and crookedness of front teeth.

There were significant associations in mean DAI score with ordinal level of responses to
those two items. Respondents who perceived their (their children’s) occlusion favourably
had significantly lower mean DAI scores compared to those who perceived front teeth as
unattractive or crooked. Parents who perceived their children’s front teeth as very crooked

had a mean DAI score that was above the aesthetically acceptable cut-off point (DAI=35).

Table 4.80: Dental Aesthetic Index score by perception of shape and alignment of front teeth (mean

DALI score by responses to each item)

DAI score DAl score
mean (SD) mean (SD)

Shape of teeth is...? Front teeth are...?

Parental responses n=646 Parental responses n=641
Very attractive **23.8 (4.5) Not crooked at all **25.2 (5.8)
Attractive 26.0 (5.8) A little bit crooked 28.2 (6.3)
Just ordinary 28.6 (7.4) Quite a bit crooked 32.1(7.2)
Quite unattractive 32.0(7.4) Very crooked 36.8 (10.4)
Very unattractive 34.4(7.7)

Child 8-10 yo n=295 Child 8-10 yo n=296
Very attractive *25.4 (6.3) Not crooked at all **26.5 (5.9)
Attractive 27.9 (5.7) A little bit crooked 29.3 (7.0)
Just ordinary 28.4 (7.2) Quite a bit crooked 32.4(7.7)
Quite unattractive 30.3 (5.9) Very crooked 30.8 (7.1)
Very unattractive 33.6 (7.7)

Child 11-13 yo n=328 Child 11-13 yo n=329
Very attractive **23.7 (5.6) Not crooked at all **24.7 (5.7)
Attractive 24.9 (5.5) A little bit crooked 27.6 (6.8)
Just ordinary 27.0 (6.5) Quite a bit crooked 31.1(6.4)
Quite unattractive 31.3(9.7) Very crooked 33.5(10.1)
Very unattractive 30.5 (7.1)

ANOVA * p<0.05; ** p<0.001
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4.7.2 Global items of the dental appearance, oral health and oral

health impact

The overall satisfaction of the appearance of front teeth, global questions of self-rated oral
health, and the impact of oral health on life overall were analysed against sex and residential
location. Table 4.81 presents the overall satisfaction of the appearance of front teeth by sex
and residential location. Just under a fifth of parents were dissatisfied or very dissatisfied
with their child’s dental appearance. Slightly fewer children reported dissatisfaction with the
appearance of their front teeth. Parents did not differ in satisfaction with the appearance of
their child’s front teeth irrespective of their child’s sex or their residential location. Children
who were 8 to 10 years old in 2002/03 were also similarly satisfied with the appearance of
their front teeth either by sex or residential location. However, boys and girls who turned 11
to 13 years old in 2002/03 significantly differed in overall satisfaction with their dental

appearance. This difference was observed when responses of all children were combined.
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Table 4.81: Satisfaction with the appearance of front teeth by sex and residential location

Satisfaction with the Sex Residential location
appearance of front teeth? Boys Girls Adelaide  Other areas
Parental response w% w% w% W%
Very satisfied 15.5 17.2 15.1 20.0
Satisfied 39.1 41.1 38.8 44 .4
Neither 26.0 22.3 258 18.8
Dissatisfied 18.8 16.2 18.4 15.0
Very dissatisfied 0.6 3.2 21 1.9
Child 8-10 yo response

Very satisfied 18.6 22.6 20.6 21.0
Satisfied 44.3 38.7 39.7 48.4
Neither 23.6 21.2 243 16.1
Dissatisfied 9.3 16.1 12.6 12.9
Very dissatisfied 4.3 1.5 2.8 1.6
Child 11-13 yo response

Very satisfied *17.0 20.8 19.7 16.5
Satisfied 50.5 40.5 46.3 44.3
Neither 18.6 19.6 17.8 227
Dissatisfied 9.6 17.9 13.5 134
Very dissatisfied 4.3 1.2 2.7 3.1
All children response

Very satisfied *17.6 21.7 20.2 18.2
Satisfied 47.7 39.8 43.2 459
Neither 20.7 20.4 20.8 19.5
Dissatisfied 9.7 17.1 13.1 13.8
Very dissatisfied 4.3 1.0 2.7 25

* Chi-square, p<0.05
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Table 4.82 presents the responses to the global item of oral health by sex and residential
location. Sex was significantly associated with self-rated oral health reported by parents of
the children and by children who were 11 to 13 years of age in 2002/03. Parents of girls were
more likely to perceive their child’s oral health as excellent compared to parents of boys.
More boys aged 11 to 13 years old in 2002/03 perceived their oral health as good or poor

compared to girls of the same age.

Residential location was not significantly associated with self-rated oral health by either
children or their parents. Overall, some 10% of parents rated their child’s oral health as poor
or very poor compared with around 5% of children aged 8 to 10 years old, and around 13%

of children who were 11 to 13 years old in 2002/03.

Table 4.82: The global item of oral health by sex and residential location

Sex Residential location

Overall oral health is...? Boys Girls Adelaide  Other areas

W% w% W% w%
Parental response
Excellent *12.4 194 15.5 16.9
Very good 37.2 38.9 38.7 36.3
Good 40.4 29.0 34.6 35.6
Poor 9.1 11.1 10.2 10.0
Very poor 0.9 1.6 1.0 1.3
Child 8-10 yo response
Very good 15.7 15.4 16.4 115
Good 44.3 41.9 41.6 49.2
OK 35.0 38.2 37.9 32.8
Poor 5.0 44 4.2 6.6
Child 11-13 yo response
Excellent *10.2 9.6 10.8 8.2
Very good 28.3 44.9 36.3 34.7
Good 46.0 34.7 39.0 43.9
Poor 13.9 9.6 12.7 10.2
Very poor 1.6 1.2 1.2 3.1

* Chi-square, p<0.05
All children responses could not be combined
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Responses to the global item of impact of oral health on overall life are presented by sex and
residential location in Table 4.83. Over 20% of parents reported some or more impact of their
child’s oral health on overall life. A similar percentage of children perceived the impact of

their oral health on life.

Sex and residential location were not significantly associated with the perception of impact
of oral health on overall life. Parents and children did not vary in responding to this global

item.

Table 4.83: The global item of impact of oral health by sex and residential location

How much does oral health affect Sex Residential location

life overall...? Boys Girls Adelaide  Other areas
Parental response w% W% w% W%
Not at all 42.8 38.4 40.2 414
Very little 354 38.4 37.0 36.4
Some 12.1 15.8 14.0 13.6
Quite a lot 8.6 6.8 8.2 6.8
Very much 1.2 0.6 0.6 1.9
Child 8-10 yo response

Not at all 38.5 43.7 431 344
Very little 39.9 43.0 394 475
Some 16.8 11.9 14.2 14.8
Quite a lot 28 1.5 23 3.3
Very much 21 0.0 0.9 0.0
Child 11-13 yo response

Not at all 32.1 33.9 322 35.1
Very little 42.8 41.7 43.0 40.2
Some 15.0 14.9 14.0 17.5
Quite a lot 7.0 71 7.8 6.2
Very much 3.2 2.4 3.1 1.0
All children response

Not at all 347 38.2 37.3 348
Very little 414 421 41.5 424
Some 15.7 13.5 14.1 16.5
Quite a lot 54 4.9 5.1 5.1
Very much 2.7 1.3 21 1.3

Chi-square, p>0.05
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4.7.3 Construct validity of the perception questionnaires

The four domains of the perception oral health-related quality of life were tested for their
correlation with the two global items of oral health and of impact of oral health on quality of

life. The results are reported in the two following tables.

There were statistically significant correlations between the four domains scores and the
global rating of oral health (Table 4.84). These correlations ranged from 0.13 (Social wellbeing
by 8-10-year-old children) to 0.40 (Emotional wellbeing scale by 10-13-year-old children).
The domains scores calculated from the 11-13-year-old children’s responses had the highest

correlation coefficients with this global item.

The Oral symptoms scale scores reported by children had a stronger correlation with their

perception of oral health-related quality of life than that reported by their parents.

Table 4.84: Spearman rank correlation of the four domains scales scores with the global rating of

oral health
8-10-yo 11-13-yo Parental
Domains responses responses responses
Oral symptoms 0.37 0.38 0.32
Functional limitations 0.28 0.33 0.30
Emotional wellbeing 0.33 0.40 0.28
Social wellbeing 0.13 0.29 0.28

All correlations: p<0.05

Table 4.85 presents correlation coefficients of the four domains scores with the global rating
of impact of oral health on quality of life. These correlation coefficients were significant and
moderately strong. The Oral symptoms scale had a higher correlation with impact on life for
younger children. The Emotional wellbeing scale scores were most strongly correlated with
impact of oral health on quality of life. The Social wellbeing scale score reported by the
younger group of children had the lowest correlation coefficient with the global item of

impact on quality of life.

Table 4.85: Spearman rank correlation of the four domains scales scores with the global rating of

impact of oral health on quality of life

8-10-yo 11-13-yo Parental
Domains responses responses responses
Oral symptoms 0.38 0.32 0.30
Functional limitations 0.36 0.31 0.30
Emotional wellbeing 0.39 0.41 0.38
Social wellbeing 0.24 0.30 0.32

All correlations: p<0.01
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The internal consistency of items included in the four domains was evaluated by calculating
Cronbach’s alpha scores (Table 4.86). The estimates were generally high to very high,
ranging from 0.56 to 0.93. Internal consistency of the first domain, oral symptoms, was
relatively lower in the three groups. Parents were less consistent in reporting their children’s
oral symptoms. The older child group was the most consistent in responding to items in the

domains.

Table 4.86: Internal consistency of items included in domains by parent and children (Cronbach’s

alpha)
8-10-yo 11-13-yo Parental

Domains responses responses responses

N of Cronbach’s N of Cronbach’s N of Cronbach’s

items Alpha items Alpha items Alpha
Oral symptoms 5 0.65 6 0.69 6 0.56
Functional limitations 5 0.72 9 0.79 7 0.74
Emotional wellbeing 5 0.86 9 0.93 8 0.88
Social wellbeing 10 0.70 13 0.90 10 0.87

All domains: p<0.01
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4.7.4 Perception of dental appearance by fluorosis status

The perception of the colour of the front teeth was tabulated by fluorosis status on the upper
central incisors (Table 4.87). Around 40% of parents perceived their children’s front teeth as
attractive or very attractive, whereas this percentage was much lower in the two groups of
children. Slightly more parents of those children who had a TF score 1 on their central
incisors perceived teeth colour as attractive or very attractive, followed by the group without
fluorosis. A similar pattern was observed with 8-10-year-old children in 2002/03. However,
only 22% of 11-13-year-old children who were without fluorosis perceived it favourably

compared to 43% of children with TF score 1.

There was no clear pattern among parents who perceived their child’s front teeth as
unattractive or worse. This percentage was high among young children with TF score 1.
There was a significantly higher percentage of older children with a TF score 2+ on the upper
central incisors who perceived the teeth as unattractive or very unattractive, compared to 6%

of children of the same age with fluorosis score 1 or 0.

Table 4.87: Perception of front teeth colour by fluorosis status on upper central incisors

TF scores on upper central incisors

Teeth colour is...? TF=0 TF=1 TF=2+

Parental response n w% n w% n w%
Attractive or very attractive 205 41.4 37 44.2 18 35.1
Neither 255 54.0 44 49.5 34 60.8
Unattractive or very unattractive 22 4.6 5 6.3 3 41

Child 8-10 yo response

Attractive or very attractive 73 30.5 11 27.7 5 24.0
Neither 138 62.5 26 59.6 17 76.0
Unattractive or very unattractive 20 7.0 4 12.8 0 0.0
Child 11-13 yo response *

Attractive or very attractive 56 22.4 20 42.6 8 28.6
Neither 167 722 21 511 19 571
Unattractive or very unattractive 15 54 3 6.4 4 14.3

All children response *

Attractive or very attractive 129 26.2 31 35.1 13 27.0
Neither 305 67.6 47 55.3 36 63.5
Unattractive or very unattractive 35 6.1 7 9.6 4 9.5

* Chi-square, p<0.05
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The perception of tooth staining by parents and older children was significantly related to
fluorosis status on the upper central incisors (Table 4.88). However, there was no clear
variation in the perception of tooth staining by young children. Forty per cent of parents of
children with TF score of 0 or 1 did not perceive staining on front teeth compared to thirty
per cent of parent whose children had TF score of 2+. Four per cent of parents whose
children were fluorosis-free perceived their children’s teeth as badly or very badly stained,

whereas ten per cent of parents of children with fluorosis did so.

There was no significant association between TF scores and the perception of tooth staining
by 8-10-year-old children. More than a third of the children perceived their teeth as not
stained at all. Two-thirds of children who had a TF score of 2 or higher perceived their teeth
as slightly stained. Some children who had no fluorosis or a TF score of 1 perceived their

front teeth as badly or very badly stained.

A high proportion of 11-13-year-old children who had a TF score of 1 did not perceive
staining on their teeth. Sixteen per cent of children of this age who had a TF score of 2 or
higher perceived it as badly or very badly stained compared to a lower proportion of
children with lower fluorosis scores. When all children were combined, there was a
significantly higher number of children with a TF score of 2 or higher who perceived their

teeth as badly or very badly stained compared to children who had a TF score of 0 or 1.

Table 4.88: Perception of staining of front teeth by fluorosis status on upper incisors

TF scores on upper central incisors

Front teeth are...? TF=0 TF=1 TF=2+

Parental response * n W% n W% n W%
Not at all stained 200 44.5 38 39.2 23 30.3
Just slightly stained 234 52.1 49 50.5 45 59.2
Badly or very badly stained 15 3.3 10 10.3 8 10.5

Child 8-10 yo response

Not at all stained 71 356.3 18 37.5 8 33.3
Just slightly stained 116 57.7 25 52.1 16 66.7
Badly or very badly stained 14 7.0 5 10.4 0 0.0

Child 11-13 yo response *

Not at all stained 71 295 24 51.1 11 22.9
Just slightly stained 154 63.9 22 46.8 29 60.4
Badly or very badly stained 16 6.6 1 21 8 16.7

All children response *

Not at all stained 141 32.0 43 45.3 19 26.0
Just slightly stained 270 61.2 46 48.4 45 61.6
Badly or very badly stained 30 6.8 6 6.3 8 12.3

* Chi-square, p<0.05
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Table 4.89 presents responses by the children and their parents to the question “If it were
possible, would you like to change the colour of your teeth?” Fluorosis status was not
significantly associated with perception of need for treatment reported by the parents. Some
33% of parents of fluorosis-free children perceived a need for treatment to change the colour
of their child’s teeth compared with 26% and 40% of parents of children with a TF score of 1
and 2+ respectively. Slightly more parents of children who had fluorosis perceived that
treatment to change the colour of their child’s teeth was not necessary, compared to parents

of fluorosis-free children.

Children 8-10 years old at the time of the study did not significantly differ in their
perception of the need for treatment to change the colour of their teeth. There were similar
proportions of children with or without fluorosis perceived a need for treatment for their

teeth.

Children 11-13 years old at the time of the study who were with or without fluorosis
differed significantly in perception of the need for treatment to change the colour of their
teeth. Some 40% of children who had a TF score of 1 perceived the need for a change of the
colour of their teeth compared to 62% and 65% of children who were fluorosis-free or who
had a TF score of 2+ respectively. There were 17% of children with a TF score of 1 who
responded as “Definitely not” to this question, compared to 8% and 2% of children in the
other two groups. All the children combined were also significantly different in their
perception of the need for treatment to change the colour of their teeth; the perception of the

need for treatment was lower in the group who had a TF score of 1 on their central incisors.

168



Table 4.89: Perception of need for treatment to change colour of teeth by fluorosis status

Do you want treatment to change colour of
your (your child’s) teeth...?

Parental response
Definitely not
Probably not
Neither

Probably yes
Definitely yes

Child 8-10 yo response
Definitely not

Probably not

Neither

Probably yes

Definitely yes

Child 11-13 yo response *

Definitely not
Probably not
Neither

Probably yes
Definitely yes

All children response *
Definitely not

Probably not

Neither

Probably yes

Definitely yes

TF scores on upper central incisors

TF=0 TF=1 TF=2+

n w% n w% n w%
73 15.0 17 14.6 6 10.7
137 26.8 23 323 19 36.0
134 25.0 23 271 9 13.3
106 25.7 17 15.6 17 32.0
31 7.5 7 10.4 5 8.0
43 18.4 11 25.0 3 7.7
77 333 15 354 10 46.2
33 15.4 6 12.5 11.5
38 15.9 2 4.2 2 11.5
40 16.9 8 229 4 23.1
19 8.0 8 17.4 2 2.0
39 16.0 9 23.9 18.4
31 13.5 7 17.4 14.3
110 46.4 11 23.9 11 34.7
38 16.0 9 17.4 8 30.6
62 12.6 19 211 5 4.1
116 24.0 24 29.5 16 28.4
64 14.6 13 15.8 7 13.5
148 324 13 13.7 13 257
78 16.4 17 20.0 12 28.4

* Chi-square, p<0.05

169



There were some variations in satisfaction with dental appearance by fluorosis status on the
upper incisors (Table 4.90). Among parents and younger children there was no statistically
significant association of level of satisfaction with dental appearance with fluorosis status.
Slightly more parents whose children had some fluorosis were satisfied or very satisfied with

their children’s dental appearance. A similar pattern was observed among younger children.

Significantly more 11-13-year-old children who had some fluorosis were satisfied or very
satisfied with their dental appearance. However, more children who had fluorosis were very
dissatisfied with the appearance of their teeth compared to fluorosis-free children. A higher
proportion of fluorosis-free children was neither satisfied nor dissatisfied with their dental

appearance compared to children with fluorotic teeth.

Table 4.90: Satisfaction with dental appearance by fluorosis status of upper incisors

Satisfied with appearance of TF scores on upper incisors

front teeth . . .? TF=0 TF=1 TF=2+
Parental response n w% n w% n w%
Very satisfied 81 14.0 21 21.2 9 20.3
Satisfied 205 40.5 39 38.5 25 41.8
Neither 101 23.6 23 26.0 15 22.8
Dissatisfied 75 19.8 11 12.5 8 12.7
Very dissatisfied 9 2.0 2 1.9 2 25

Child 8-10 yo response

Very satisfied 44 18.7 14 255 5 29.2
Satisfied 98 40.9 20 43.1 11 41.7
Neither 51 25.8 7 17.6 2 8.3
Dissatisfied 31 12.6 4 9.8 3 16.7
Very dissatisfied 5 2.0 2 3.9 1 4.2

Child 11-13 yo response *

Very satisfied 41 15.8 8 15.4 10 34.0
Satisfied 100 43.8 28 61.5 12 38.0
Neither 50 221 8 11.5 5 14.0
Dissatisfied 37 15.8 2 5.8 5 12.0
Very dissatisfied 7 25 2 5.8 1 2.0

All children response *

Very satisfied 88 17.2 20 221 14 30.1
Satisfied 197 41.6 45 547 23 39.7
Neither 105 244 11 11.6 6 12.3
Dissatisfied 68 14.9 6 6.3 7 13.7
Very dissatisfied 10 1.8 4 5.3 2 4.1

* Chi-square, p<0.05
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Table 4.91 presents the perception of dental appearance reported by all children and their
parents from different birth cohorts. Birth cohort was not significantly associated with
perception of colour of front teeth, staining of front teeth, or overall satisfaction with the
appearance of front teeth reported by the children. However, the parents of children from
different birth cohorts significantly differed in satisfaction with the appearance of their
child’s front teeth. There was a higher percentage of parents of children in the earliest birth

cohort who were satisfied with their child’s dental appearance.

Table 4.91: Perception of dental appearance by birth cohort

Birth cohort
Born 89/90 Born 91/92 Born 93/94
Colour of front teeth . . .? n W% n w% n w%
Parental responses
Attractive or very attractive 76 43.3 90 40.8 107 39.5
Neither 85 52.6 113 54.7 148 54.5
Unattractive or very unattractive 8 41 12 4.5 13 6.0
All children responses
Attractive or very attractive 46 25.4 61 30.5 77 28.1
Neither 110 67.9 132 64.3 160 62.7
Unattractive or very unattractive 12 6.7 13 5.2 24 9.2
Front teeth are...?
Parental responses
Not at all stained 81 42.8 108 47.7 108 37.2
Just slightly stained 80 51.5 92 46.8 145 57.1
Badly or very badly stained 8 5.7 12 54 12 5.6
All children responses
Not at all stained 51 26.2 79 38.5 101 35.1
Just slightly stained 100 67.0 110 54.0 143 57.5
Badly or very badly stained 14 6.8 17 7.5 18 7.5
Satisfaction with appearance of front
teeth...?
Parental responses *
Satisfied or very satisfied 113 64.9 121 51.4 158 541
Neither 30 19.9 46 241 67 275
Dissatisfied or very dissatisfied 25 15.2 46 245 41 18.5
All children responses
Satisfied or very satisfied 107 62.2 134 69.3 166 59.4
Neither 31 18.7 38 17.0 56 253
Dissatisfied or very dissatisfied 28 19.2 34 13.7 40 15.3

* Chi-square, p<0.05
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4.7.5 Perception of oral health-related quality of life

4.7.5.1 Perception of oral health-related quality of life by birth cohort

Table 4.92 presents the four domain scores by parents and children by birth cohort. Mean
domain scores and their standard deviations were presented. Higher mean domain scores

indicated worse perception of oral health and more impact on quality of life.

The parents of children of the earliest birth cohort reported a significantly better perception
of oral symptoms compared to the parents of children of the latest birth cohort. Birth cohort
was not significantly associated with the other three domains. However, there was a trend
that the parents of children in the earliest birth cohort reported a worse perception of
emotional wellbeing and social wellbeing compared to the parents of children in the later

birth cohorts.

Children who were born in 1993/94 reported a significantly higher perception score for the
Oral symptom scale compared to children of the earliest birth cohort. Birth cohort was not

significantly associated with the other three domains of perception of oral health reported by

the children.

Table 4.92: The perception of oral health-related quality of life by birth cohort

Birth cohort

Born 89/90 Born 91/92 Born 93/94

Mean (SD) Mean (SD) Mean (SD)
Parental response
Oral symptoms 10.73 (0.52) 0.82 (0.50) 10.85 (0.52)
Functional limitation 0.40 (0.59) 0.41 (0.53) 0.40 (0.56)
Emotional well being 0.33 (0.60) 0.30 (0.51) 0.28 (0.45)
Social well being 0.20 (0.41) 0.17 (0.35) 0.15 (0.33)
All children response
Oral symptoms 10.85 (0.55) 0.93 (0.54) 71.06 (0.63)
Functional limitation 0.38 (0.51) 0.45 (0.54) 0.37 (0.48)
Emotional well being 0.37 (0.59) 0.32 (0.52) 0.42 (0.66)
Social well being 0.20 (0.39) 0.15 (0.28) 0.15 (0.27)

TOne-way ANOVA, Tukey posthoc test

, statistically significant by pair
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4.7.5.2 The perception of oral health-related quality of life by fluorosis status

The parents” and children’s responses to the global item of oral health were tabulated with
the fluorosis status (Table 4.93). More parents of children who had a TF score 2+ on their
upper incisors perceived their children’s oral health as excellent or very good. Only a few
parents of those children perceived their children’s oral health as poor compared to 10% of

parents whose children had a lower fluorosis score.

There were inconsistent variations in 8-10-year-old children’s responses to this global item
by fluorosis status. Still, a slightly higher proportion of children with a TF score 2+ perceived
their oral health favourably.

Older children with different degrees of fluorosis significantly varied in response to the
global item. Around 40% of fluorosis-free children perceived their oral health as excellent or
very good, whereas over 60% of children with fluorotic teeth did so. Slightly more children

in the fluorosis-free group thought their oral health was poor or very poor.

Table 4.93: Responses to the global item of oral health by fluorosis status on upper incisors

(weighted column %)

TF scores on upper incisors

TF=0 TF=1 TF=2+
Parental response n w% n w% n w%
Excellent 72 14.6 16 15.2 11 221
Very good 178 36.6 36 40.0 26 429
Good 173 37.3 31 314 19 31.2
Poor 48 10.4 12 10.5 2 3.9
Very poor 8 1.1 1 2.9 0 0.0
Child 8-10 yo response

Very good 31 13.7 9 216 3 16.0
Good 103 43.7 18 373 13 52.0
OK 79 371 19 41.2 5 28.0
Poor 15 5.6 0 0.0 1 4.0
Child 11-13 yo response *

Excellent 16 5.9 8 13.5 9 23.1
Very good 75 33.5 21 442 13 38.5
Good 109 45.3 14 34.6 10 28.8
Poor 26 131 4 7.7 3 9.6
Very poor 7 21 1 0.1 0 0.0

* Chi-square, p<0.05

173



Parents and children did not significantly differ in response to the second global item: impact
of oral health on quality of life (Table 4.94). There was a trend that fluorosis-free children and
their parents were more likely to report a greater impact of oral health on quality of life.
More than 80% of older children who had fluorosis reported no or very little impact on life.
However, around 5% of all children reported that their oral health impacted on their life

“quite a lot” or “very much”. This percentage was similar between groups by fluorosis.

Table 4.94: Responses to the global item of the impact of oral health by fluorosis status of upper

central incisors (weighted column %)

TF scores on upper central incisors

TF=0 TF=1 TF=2+
Parental response n W% n w% n w%
Not at all 192 39.2 38 36.5 31 53.8
Very little 176 37.2 42 46.2 15 25.6
Some 68 14.5 9 10.6 8 12.8
Quite a lot 34 8.0 6 6.7 3 7.7
Very much 7 1.1 1 0.1 0 0.0
Child 8-10 yo response

Not at all 82 38.0 21 49.0 9 48.0
Very little 104 435 18 34.7 11 40.0
Some 34 14.0 6 16.3 2 12.0
Quite a lot 8 3.0 1 0.0 0 0.0
Very much 2 1.5 0 0.0 0 0.0
Child 11-13 yo response

Not at all 77 33.2 17 30.8 14 42.3
Very little 93 40.8 22 50.0 14 40.4
Some 44 16.8 6 13.5 3 9.6
Quite a lot 16 6.3 3 5.8 1 1.9
Very much 5 2.9 0 0.0 3 5.8
All children response

Not at all 162 35.5 35 41.5 22 43.2
Very little 201 425 34 38.3 23 40.5
Some 76 15.4 12 16.0 5 10.8
Quite a lot 24 48 4 43 1 14
Very much 6 1.8 0 0.0 3 4.1

Chi-square, p>0.05

Means of oral health perception scale scores are presented by fluorosis status (Table 4.95).
There were significant associations between fluorosis status and the perception of oral

health-related quality of life reported by the children and their parents.
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Parents of fluorosis-free children reported significantly higher mean of all domains
(perception of poorer oral health) compared to parents whose children had fluorosis on their
central incisors. Parents of children with a TF score 2 or higher had domains” mean scores

lower or equal to those parents whose children had a TF score 1.

There were no significant differences in mean scale scores reported by younger children. No
clear trend of variation related to fluorosis status was observed. Children in the older age
group with different fluorosis status significantly varied in their perception of oral health-
related quality of life. Children without fluorosis reported significantly higher mean of the
domain scores on all scales. Observed differences in the Oral symptom and Functional
limitation scales between fluorosis-free children and those with a TF score 2+ were relatively
large. These two scales were also significant when all children’s scales scores were combined.
Children who had a TF score of 2 or more reported a better perception of oral health-related
quality of life in the first two domains, Oral symptoms and Functional limitations, compared

to children who had no fluorosis.

Table 4.95: Perception of oral health domains by fluorosis score on upper central incisors

TF scores on upper central incisors

TF=0 TF=1 TF=2+
Mean (SD) Mean (SD) Mean (SD)
Parental response
Oral symptoms 70.86 (0.54) t0.74 (0.44) 40,57 (0.41)
Functional limitation 10.46 (0.59) 0.36 (0.51) 10.24 (0.37)
Emotional wellbeing 740.36 (0.56) +0.20 (0.40) 70.20 (0.34)
Social wellbeing 70.20 (0.42) 0.10 (0.23) 10.08 (0.20)
Child 8-10 yo response
Oral symptoms 1.05 (0.65) 1.10 (0.53) 0.93 (0.65)
Functional limitation 0.39 (0.51) 0.35 (0.56) 0.34 (0.47)
Emotional wellbeing 0.41 (0.63) 0.43 (0.72) 0.50 (0.60)
Social wellbeing 0.13 (0.24) 0.15 (0.29) 0.19 (0.24)
Child 11-13 yo response
Oral symptoms 7%0.98 (0.59) t0.72 (0.52) 10.58 (0.41)
Functional limitation 10.52 (0.59) 0.31 (0.44) 10.24 (0.34)
Emotional wellbeing 70.41 (0.64) 10.19 (0.36) 0.21 (0.35)
Social wellbeing 70.22 (0.42) 0.12 (0.17) 10.07 (0.14)
All children response
Oral symptoms 71.02 (0.62) 0.91 (0.56) 10.69 (0.52)
Functional limitation 10.46 (0.56) 0.33 (0.50) 10.27 (0.38)
Emotional wellbeing 0.41 (0.64) 0.31 (0.58) 0.30 (0.47)
Social wellbeing 0.18 (0.35) 0.13 (0.24) 0.11 (0.19)

™ One-way ANOVA, Tukey posthoc test

, statistically significant by pairs
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4.7.5.3 The perception of oral health-related quality of life by caries status

Responses to the global item of oral health by the children and their parents in relation to
dental caries status are presented in Table 4.96. Parental perception of their children’s oral
health was significantly related to the children’s dental caries status. Over 60% of parents
whose children had no deciduous caries perceived their children’s oral health as “Excellent”
or “Very good” compared to over 40% of those whose children had deciduous decay.
Likewise, similar proportions were observed when permanent caries was considered.
Relatively more parents whose children had either deciduous or permanent decay perceived

their children’” oral health as “Poor” or “Very poor” compared to parents of caries-free

children.

There were no statistically significant differences in the children’s responses to the global
item of oral health by caries status. However, there was a trend that children with deciduous
or permanent caries were less likely to favourably perceive their oral health and were more

likely to perceive it as “Poor”.

Table 4.96: Responses to the global item of oral health by the prevalence of dental caries (weighted

column %)

Deciduous caries Permanent caries

dmfs=0 dmfs>0 DMFS=0 DMFS>0
Parental response
Excellent *20.9 8.9 *18.6 11.1
Very good 41.8 34.0 39.9 36.2
Good 28.8 41.3 32.7 36.2
Poor 71 14.2 8.2 13.5
Very poor 1.4 1.6 0.7 2.9
Child 8-10 yo response
Very good 14.5 16.6 16.7 13.1
Good 49.2 41.7 45.3 44.0
OK 30.6 36.8 34.0 345
Poor 5.6 4.9 3.9 8.3
Child 11-14 yo response
Excellent 12.1 6.6 13.4 6.7
Very good 39.0 28.9 38.0 34.2
Good 38.5 44.7 36.9 45.0
Poor 7.8 17.1 9.6 10.8
Very poor 2.6 2.6 21 3.3

* Chi-square, p<0.05
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There were no significant differences in parents” and children’s responses to the global item
of impact of oral health on quality of life by caries status (Table 4.97). There was a trend that
more parents of caries-free children reported that their children’s oral health had no impact
on quality of life compared to those whose children had some decay. The trend among

children was not clear.

Table 4.97: Responses to the global item of impact of oral health by the prevalence of dental caries

(weighted column %)

Deciduous caries Permanent caries

dmfs=0 dmfs>0 DMFS=0 DMFS>0
Parental response
Not at all 46.4 35.1 43.8 38.0
Very little 33.2 42.4 37.4 36.1
Some 11.8 15.9 11.4 17.6
Quite a lot 7.7 5.7 6.7 7.3
Very much 0.8 0.8 0.7 1.0
Child 8-10 yo response
Not at all 33.9 421 38.4 38.8
Very little 48.4 40.2 43.3 447
Some 16.1 12.8 14.3 14.1
Quite a lot 1.6 3.7 3.0 24
Very much 0.0 1.2 1.0 0.0
Child 11-13 yo response
Not at all 33.3 30.3 34.8 29.2
Very little 40.3 43.4 40.6 41.7
Some 16.0 19.7 15.5 19.2
Quite a lot 6.9 6.6 5.9 8.3
Very much 3.5 0.0 3.2 1.7
All children response
Not at all 34.3 40.4 35.9 37.4
Very little 43.3 38.5 42.9 39.3
Some 13.9 15.9 14.4 15.4
Quite a lot 5.9 3.8 4.2 7.0
Very much 2.6 1.4 2.6 0.9

* Chi-square, p<0.05
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There were statistically significant differences in parents” and children’s means of the scales’
scores by caries status (Table 4.98). Parents whose children did not have deciduous caries
had a significantly lower mean of the Oral symptom scale compared to those whose children
had deciduous caries. Those two groups did not differ in terms of the other three domains
scores. The presence or absence of permanent dental caries had a significant impact on
parental perception on three scales: Functional limitation, Emotional wellbeing and Social

wellbeing.

The group of younger children did not statistically significantly differ in their perception of
oral health-related quality of life by caries status. The older group of children without
deciduous caries had lower means of the Oral symptom and Functional limitation scales, but
the differences were not statistically significant. The presence of permanent caries
significantly worsened the perception of oral health among those older children in the three
scales apart from the Oral symptom scale. All children combined significantly differed in the

Functional limitation and Social wellbeing scales when permanent caries was considered.

Table 4.98: Perception of oral health domains by the prevalence of deciduous and permanent

dental caries

Deciduous caries Permanent caries

dmfs=0 dmfs >0 DMFS=0 DMFS >0
Parental response
Oral symptoms *0.75(0.51)  0.88 (0.52) 0.77 (0.50) 0.86 (0.56)
Functional limitation 0.41(0.58)  0.39(0.50) *0.36 (0.50) 0.49 (0.62)
Emotional wellbeing 0.30 (0.55)  0.29 (0.46) *0.26 (0.48) 0.38(0.58)
Social wellbeing 0.16 (0.35)  0.17 (0.37) *0.13(0.30) 0.25(0.45)
Child 8-10 yo response
Oral symptoms 1.09 (0.63) 1.04 (0.61) 1.07 (0.63) 1.03 (0.60)
Functional limitation 0.36 (0.45) 0.35(0.51) 0.36 (0.49) 0.36 (0.47)
Emotional wellbeing 0.43 (0.67) 0.38(0.61) 0.40 (0.67) 0.41(0.54)
Social well being 0.13(0.19)  0.16 (0.31) 0.13(0.24) 0.19(0.32)
Child 11-14 yo response
Oral symptoms 0.85(0.55)  0.97 (0.60) 0.84 (0.54) 0.93 (0.59)
Functional limitation 0.41(0.53) 0.54 (0.56) *0.37 (0.48) 0.55(0.61)
Emotional wellbeing 0.35(0.59)  0.32(0.49) *0.28 (0.49) 0.44 (0.66)
Social wellbeing 0.19(0.38)  0.17 (0.22) *0.14 (0.29) 0.26 (0.41)
All children response
Oral symptoms 0.93(0.59) 1.02(0.61) 0.96 (0.60) 0.98 (0.60)
Functional limitation 0.39 (0.50)  0.41(0.53) *0.36 (0.49) 0.47 (0.56)
Emotional wellbeing 0.38 (0.62)  0.36 (0.58) 0.34 (0.60) 0.43(0.61)
Social wellbeing 0.17 (0.33)  0.17 (0.28) *0.13(0.26) 0.23 (0.38)

* ANOVA (dmfs=0 vs dmfs>0 and DMFS=0 vs DMFS>0), p<0.05
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4.8 Fluoride exposure, dental fluorosis, caries and oral

health-related quality of life

4.8.1 The association between fluorosis and caries in relation to

exposures to fluoride

There was an association between the presence of fluorosis and caries in this study
population (Figure 4.2). Children with fluorosis on one of their upper central incisors had a
lower mean deciduous dmfs at age six. There was an increase in deciduous caries experience
to age eight and a decrease after this age in the groups with and without fluorosis. However,
children who were without fluorosis had a sharper increase in mean dmfs from age six to

age eight and a slower decrease after age eight compared to the other group.

Permanent caries experience was negligible when the children were at age six. Once again,
children who were fluorosis-free had a faster increase in their mean permanent DMFS score
compared to children with fluorosis. The difference in mean DMFS between these groups

was larger at subsequent ages.

Figure 4.2: Trend of deciduous and permanent caries by experience of fluorosis defined as having

TF score 1+ on upper central incisors
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Exposure to different sources of fluoride were compared in terms of the prevalence of dental
fluorosis, defined as having a TF score of 1+ and 2+ on the upper central incisors, and of
deciduous caries experience defined as mean dmfs scores at age six and eight. The
differences between groups were tested for statistical significance using Chi-square for
fluorosis and one-way ANOVA for caries. The Tukey posthoc test was used when
independent variables had three groups or more to test difference between each pair of the

groups in each variable. The results are presented in Table 4.99 through to Table 4.102.

Children who were exposed to fluoride in the water had a significantly higher prevalence of
dental fluorosis on their upper teeth defined by the TF index (Table 4.99). The difference in
risk for having fluorosis was 10% between groups with zero exposure and group with more
than 50% lifetime exposure. Having some but less than or equal to 50% of lifetime exposure
had a lower prevalence by one per cent compared to those who had more than 50% lifetime
exposure. Exposure to fluoride was also significantly associated with caries experience at
different ages. Mean deciduous decayed, missing and filled surfaces were significantly lower
among children with at least some exposure to fluoride. Exposure to fluoride in the water for
more than 50% of lifetime was associated with 1.25 and 1.88 fewer carious surfaces at age six
and age eight respectively. Children who had some, but less than or equal to 50% of their
lifetime exposed to fluoride in water had intermediate caries experience compared to the
other two groups. However, these children experienced significantly higher caries at ages six
and eight compared with children who had more than 50% lifetime exposure to fluoride in

the water.

Table 4.99: Dental caries and fluorosis experience of children with different levels of lifetime

exposure to fluoride in water

Prevalence of fluorosis * Deciduous caries experience °
Exposure to fluoride in water TF score 1+ TF score 2+ At age six At age eight
0% lifetime *14.6 *3.4 12.19 (4.06) 13.53 (5.09)
>0 & <50% lifetime 26.8 10.9 #1.71 (3.43) #3.00 (5.18)
>50%lifetime 33.7 14.0 7#0.94 (2.34) T#1.65 (3.16)

?Defined as having one or more upper central incisors with a TF score 1+ or 2+;
* Chi-square, p<0.01
® Mean deciduous dmfs at different ages, (SD in bracket)
T# One-way ANOVA, Tukey’s posthoc test: statistically significant by pair
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The association of the age when toothbrushing commenced with the prevalence of fluorosis
and caries experience at ages six and eight was explored (Table 4.100). Commencing
toothbrushing with toothpaste before 18 months of age or from 19 to 30 months was related
to a significantly higher prevalence of fluorosis defined as having a TF score of 2 or more
compared to commencing it after 30 months. Commencing toothbrushing with toothpaste
between 19 months and 30 months resulted in a reduction of 6% and 1% in the prevalence of
fluorosis defined as having a TF score of 1+ or a TF score of 2+ respectively. However,
starting toothbrushing during the period 19 to 30 months of age did not result in
significantly increased caries experience. Children who started brushing during this period
still had significantly lower caries experience at age six compared to children who
commenced toothbrushing after 30 months of age. Children who started brushing after 30
months of age had significantly higher mean dmfs scores at ages six and eight compared to
children who commenced toothbrushing before 18 months. The difference was more than

one deciduous surface affected by caries.

Table 4.100: Dental caries and fluorosis experience of children with age started toothbrushing

Prevalence of fluorosis * Deciduous caries experience
Age started toothbrushing TF score 1+ TF score 2+ At age six At age eight
<18 months *31.8 *13.2 71.03 (2.48) 71.85 (3.58)
From 19 to 30 months 25.8 12.2 #1.13 (2.60) 2.32 (3.79)
After 30" months 225 7.8 T#2.04 (4.00) 13.20 (5.82)

Defined as having one or more upper central incisors with a TF score 1+ or 2+;
* Chi-square, p<0.05

® Mean deciduous dmfs at different ages, (SD in bracket)
™ One-way ANOVA, Tukey posthoc test: statistically significant by pair

The relationship of the components of toothbrushing practice was evaluated with the
prevalence of dental fluorosis and caries experience at age six and eight (Table 4.101). Using
children’s low concentration fluoride toothpaste when brushing started was associated with
a lower prevalence of fluorosis defined as having a TF score of 1+ or 2+ compared to using
standard toothpaste. There was no significant difference in mean deciduous dmfs score

between standard toothpaste users and low fluoride toothpaste users at age six and eight.

Brushing teeth more frequently when toothbrushing commenced was not significantly
associated with an increase in the prevalence of fluorosis defined as having a TF score of 1+
or 2+ on the central incisors compared with brushing once a day or less. However, brushing
more frequently was significantly associated with a reduced mean caries experience at age
six. Those children who brushed more frequently had lower mean dmfs at age eight;

however, the difference was not significant.
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Swallowing slurry after toothbrushing when toothbrushing commenced in childhood was
not significantly associated with a change in fluorosis and caries. However, swallowing
slurry was associated with a higher prevalence of fluorosis, defined as having a TF score of
1+ or 2+, and with lower caries experience at age six and eight compared with children who

rinsed and spat out after brushing. The differences were not statistically significant.

Having more than a pea-sized amount of toothpaste when brushing started was not
significantly associated with the prevalence of fluorosis defined as having a TF score of 1+ or
2+. Using a smaller, smear amount of toothpaste when toothbrushing started was associated
with higher mean dmfs scores at ages six and eight. However, the differences were not

statistically significant.

Table 4.101: Dental caries and fluorosis experience of children with components of toothbrushing

practice when toothbrushing started

Type of toothpaste used when brushing Prevalence of fluorosis * Deciduous caries experience b
started

TF score 1+ TF score 2+ At age six At age eight
Standard F toothpaste *31.8 *16.2 1.05 (2.82) 2.52 (5.52)
Children low F toothpaste 23.4 6.4 1.47 (3.08) 2.35(3.93)
Brushing frequency when brushing Prevalence of fluorosis * Deciduous caries experience °
started

TF score 1+ TF score 2+ At age six At age eight
Twice a day or more 28.9 11.0 T1.11 (2.81) 2.33 (4.68)
Once a day or less 247 11.1 1.53 (3.15) 2.44 (4.14)
After-brushing routine when brushing Prevalence of fluorosis ° Deciduous caries experience °
started

TF score 1+ TF score 2+ At age six At age eight
Swallowed 291 13.0 1.28 (2.88) 2.52 (4.41)
Rinsed and spat out 26.6 10.3 1.78 (3.67) 2.84 (4.08)
Toothpaste amount when brushing Prevalence of fluorosis * Deciduous caries experience b
started

TF score 1+ TF score 2+ At age six At age eight
Pea size or larger *34.2 10.6 1.39 (2.87) 2.64 (4.06)
Smear amount 24.5 13.4 1.78 (3.96) 3.01 (5.64)

?Defined as having one or more upper central incisors with a TF score 1+ or 2+;
* Chi-square, p<0.05

® Mean deciduous dmfs at different ages, (SD in bracket)
TANOVA, p<0.05
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Children who were reported as having an eating and/or licking toothpaste habit when they
started toothbrushing had a significantly higher prevalence of fluorosis, defined as having a
TF score of 1+ or 2+ on their upper central incisors (Table 4.102). However, there was no
difference in dental caries experience at age six and eight between the groups who did and
who did not have this habit. The mean deciduous caries at ages six and eight were strikingly

similar between the groups, despite the difference in the prevalence of fluorosis.

Table 4.102: Dental caries and fluorosis experience of children with an eating and/or licking

toothpaste habit when toothbrushing started

Eating and/or licking toothpaste habit Prevalence of fluorosis ° Deciduous caries experience °
when brushing started

TF score 1+ TF score 2+ At age six At age eight
Yes * 33.3 *14.5 1.36 (2.95) 2.39 (4.01)
No 22.5 8.7 1.35 (3.08) 2.37 (4.63)

?Defined as having one or more upper central incisors with TF score 1+ or 2+;
* Chi-square, p<0.05

® Mean deciduous dmfs at different ages, (SD in bracket)
ANOVA, p>0.05
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4.8.2 Determinants of the perception of oral health-related quality

of life

Multivariate models for the perception of oral health domains were generated for children’s
and parental scales scores (Table 4.103 and Table 4.104). Models were run for each domain
score reported by all children and their parents with caries and fluorosis status, controlled

for age, sex, residential location and occlusal traits measured by the DAI score.

Having fluorosis on the central incisors was the only significant contributor in the model for
the oral symptom scale of children (Table 4.103). The presence of fluorosis significantly
reduced the perception of oral symptoms among children, i.e. fewer oral symptoms in the
reference period. Caries experience was of borderline significance in the model for this scale.

Other factors were not significant in this model.

Caries experience, fluorosis status and DAI score were significant contributors in the model
for the functional limitation scale. Having higher caries experience and higher DAI score
significantly increased the mean domain score, whereas having fluorosis on teeth reduced

the perception of functional limitation.

Occlusal traits measured by the DAI score were significant in the model for the emotional
wellbeing scale of children. Having higher DAI score (a less socially acceptable dental
appearance) significantly worsened the perception of the emotional wellbeing of children.

Other factors were not significant in this model.

The presence of fluorosis on teeth and having less acceptable occlusal traits were significant
factors in the model for the social wellbeing scale. Having fluorosis marginally improved the
Social wellbeing scale score whereas having less acceptable occlusal traits worsened this

perception in the presence of other variables in the model.
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Table 4.103: Linear regression models for oral health perception domains scores reported by

children
Un-std B Std Beta 95% Cl of B
Domain Variables Lower Upper
Oral Age 0.003 0.026 -0.006 0.011
symptoms Boys vs girls -0.009 -0.009 -0.113 0.090
Urban vs rural -0.020 -0.012 -0.137 0.103
TF scores on incisors *-0.127 -0.155 -0.196 -0.059
Caries experience 0.005 0.069 -0.001 0.023
DAI scores 0.003 0.055 -0.003 0.013
Functional Age 0.004 0.042 -0.003 0.011
limitations Boys vs girls 0.006 0.008 -0.080 0.097
Urban vs rural -0.006 -0.035 -0.149 0.060
TF scores on incisors *-0.070 -0.111 -0.139 -0.021
Caries experience *0.009 0.083 0.000 0.022
DAI scores **0.012 0.170 0.008 0.021
Emotional Age -0.002 -0.033 -0.011 0.005
wellbeing Boys vs girls 0.045 0.044 -0.047 0.154
Urban vs rural -0.068 -0.046 -0.184 0.053
TF scores on incisors -0.006 -0.060 -0.116 0.019
Caries experience 0.001 0.034 -0.008 0.018
DAI scores **0.010 0.139 0.005 0.021
Social Age 0.002 0.023 -0.003 0.005
wellbeing Boys vs girls -0.021 -0.031 - 0.073 0.033
Urban vs rural -0.028 -0.052 -0.101 0.023
TF scores on incisors *-0.036 -0.083 -0.071 -0.002
Caries experience 0.003 0.032 -0.004 0.009
DAI scores *0.004 0.155 0.000 0.007

Caries experience is sums of deciduous dmfs and permanent DMFS at the time of the study
* p<0.05; ** p<0.01
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Models for parental domains scores are presented in Table 4.104. The presence of fluorosis
and caries were significant in the model for the oral symptoms scale. These factors were the
only significant variables controlling for other factors. Having fluorosis reduced the
perception of oral symptoms, whereas higher caries experience significantly increased the

domain score reported by parents.

Dental aesthetic was the strongest determinant of parental perception of their children’s
functional limitations. Having less socially acceptable occlusal traits significantly increased
the perception score for this domain. Having fluorosis was also significant. However, this

factor significantly improved parental perception of this aspect of their children’s oral health.

The emotional wellbeing of children perceived by their parents was associated with the
child’s age at the time of the study, occlusal traits and the presence or absence of fluorosis in
their mouth. The age of the children was the most important factor in the perception of the
child’s emotional wellbeing by their parents. Having a higher DAI score significantly

worsened the emotional wellbeing of children whereas having fluorosis improved it.

A number of variables were significant in the model for the Social wellbeing scale as
perceived by parents of children in the study. Having less socially acceptable occlusal traits
and having higher mean of decayed teeth significantly worsened the perception of social

wellbeing, whereas being boy and having fluorosis significantly improved this perception.
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Table 4.104: Linear regression models for oral health perception domains scores reported by

parents
Un-std B Std Beta 95% Cl of B
Domain Variables Lower Upper
Oral Age 0.004 0.040 -0.003 0.010
symptoms Boys vs girls -0.020 -0.020 -0.106 0.063
Urban vs rural -0.007 -0.007 -0.109 0.092
TF scores on incisors *-0.107 -0.177 -0.180 -0.067
Caries experience *0.012 0.113 0.004 0.024
DAl scores 0.003 0.055 -0.002 0.011
Functional Age 0.001 0.018 -0.006 0.009
limitations Boys vs girls -0.049 -0.049 -0.