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Abstract — Objective: To describe oral health inequalities among indigenous
and nonindigenous children in the Northern Territory of Australia using an
area-based measure of socioeconomic status (SES). Methods: Data were
obtained from indigenous and nonindigenous 4-13-year-old children enrolled
in the Northern Territory School Dental Service in 2002-2003. The Socio-
Economic Indices For Areas (SEIFA) were used to determine socioeconomic
relationships with dental disease experience. Results: Some 12,584 children
were examined, 35.1% of whom were indigenous. Across all age-groups,
socially disadvantaged indigenous children experienced higher mean dmft and
DMET levels than their similarly aged, similarly disadvantaged nonindigenous
counterparts. Indigenous children aged 5 years had almost four times the dmft
of their nonindigenous counterparts in the same disadvantage category

(P < 0.05), while indigenous children aged 10 years had almost five times the
DMEFT of similarly disadvantaged nonindigenous children (P < 0.05). A distinct
social gradient was apparent among indigenous and nonindigenous children,
respectively, whereby those with the highest dmft/DMFT levels were in the
most disadvantaged SES category and those least disadvantaged had the lowest
dmft/DMEFT levels. In most age-groups, indigenous children who were least
disadvantaged had worse oral health than the most disadvantaged
nonindigenous children. Conclusions: The findings suggest that indigenous
status and SES have strong oral health outcome correlations but are not
mutually dependent, that is, indigenous status influences oral health outcomes
irrespective of social disadvantage. From a health policy perspective, greater
oral health gains may be possible by concentrating public health and clinical
effort among all indigenous children irrespective of SES status.
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Socioeconomic status (SES) plays an important role
in oral health and is understood to be in a complex
interplay with other oral health determinants such
as knowledge and beliefs, behaviors and biomed-
ical factors (Fig. 1) (1). The role of SES in child oral
health has been well documented, with children of
low SES being consistently shown to have poorer
oral health than higher-SES children (2, 3). The
measurement of SES varies according to culture

and, in Western society, includes factors such as
individual/household income, residential location,
occupation, education, housing, access to health
care, language group and mobility (4, 5). Various
indices exist to measure SES and these are often
tailored to more adequately fit the unique situation
of specific countries and communities (4, 6).
Increased understanding of the oral health/SES
relationship helps reveal areas important for
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Fig. 1. Conceptual framework for population oral health [modified from AIHW (8)].

clinical intervention, epidemiological measurement
and public policy (4).

At the time of the 2001 census there were
approximately 4 million children (aged 0-14 years)
in Australia (7), a country comprising of six states
and two territories. Indigenous children are those
who identify as Aboriginal, Torres Strait Islander
or both, and represent 4.7% of the child population
(7). Such children live in a wide range of locations,
speak a multitude of languages and belong to
hundreds of distinct descent groups (8). While this
paper focuses on indigenous children as a group, it
is important to acknowledge this diversity. Most
indigenous children live in metropolitan areas
(52%), where they constitute 2% of the metropol-
itan child population (7). The indigenous propor-
tion in total child population increases with rising
geographic remoteness, with 25% of indigenous

268

children living in ‘remote’ or ‘very remote’ areas
compared with 3% of the nonindigenous child
population (9). Approximately 40% of children in
the Northern Territory are indigenous (8).

Prior to the 1980s, indigenous children in
Australia were recognized as having better oral
health than their nonindigenous counterparts (10—
13). Recent evidence suggests, however, that indi-
genous children have, on average, twice as much
(and in some communities, up to five times as
much) tooth decay as nonindigenous children (14—
17). In one study of remote indigenous children,
more than 90% of child dmfs was found to be made
up of either decayed or missing surfaces, and less
than 10% of tooth surfaces with experience of
decay had been treated with a filling (14). Litera-
ture shows that indigenous children in countries
such as New Zealand, Canada and the United
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States also experience poorer oral health than their
nonindigenous counterparts (18-20).

In the past, oral health investigations pertaining
to SES relied largely upon individual (household-
level) measures (21, 22). However, Macintyre et al.
(23) suggested that neighborhood conditions influ-
enced oral health behaviors, promoted diffusion of
oral health-related information and increased
adoption of healthy normative behaviors; all of
which contributed to the prevention of dental
diseases. They also contended that a neighbor-
hood’s conditions, such as the number of dental
providers and clinics, facilitated promotion of
healthy behaviors including regular oral health
checkups and dissemination of oral health-related
information to community members (23). For these
reasons, and because of their ability to better
capture contextual factors involved in the etiology
of oral health disparities among certain population
groups, the utility of area-based SES tools in the
measure of oral health inequalities has increased in
recent years (3).

Dental public health researchers are becoming
increasingly interested in how inequality and
variation in social context affect oral health out-
comes (24, 25). This is particularly so in regards to
indigenous populations. Indigenous groups, by
definition, exist naturally in a particular country,
region or environment; they are ‘native’ (26).
However, in many nations, including Australia,
such groups have been victims of colonization,
discrimination and marginalization, with policies
often focusing on assimilation and, in some cases,
cultural annihilation (27). Such historical legacy
has had marked impacts on all aspects of indi-
genous health, including oral health. It is import-
ant that the indigenous situation is considered to
be separate and unique to that of other ethnic
minority groups when exploring oral health out-
comes and reasons for disparities so that the goals
outlined in the Geneva Declaration on the Health
and Survival of Indigenous Populations might be
met (28, 29).

The aim of this study was to describe oral health
inequalities among indigenous and nonindigenous
children in an Australian territory using an area-
based SES measure. The hypotheses were that: (i)
indigenous children would have worse oral health
than nonindigenous children; (ii) consistent gradi-
ents would occur between high and low SES
groups in indigenous and nonindigenous child
oral health outcomes, respectively; and (iii) when
SES factors were taken into account, the magnitude

of oral health disparities between indigenous and
nonindigenous children would lessen.

Methods

Data for this study were collected as part of the
Child Dental Health Survey, a monitoring survey of
the oral health status of children enrolled in the
government-funded School Dental Service (SDS) in
each state and territory of Australia. Data are
obtained each year from routine dental examina-
tions conducted by noncalibrated dental health
professionals within the service. Dental examiners
are not calibrated but receive similar professional
training and use standardized procedures. Children
are enrolled from both public and private schools.
The SDSs provide care essentially to primary school-
aged children, with service provision typically
including dental examinations, preventive services
and restorative treatment as required. Children
enrolled in the Northern Territory SDS served as
participants in this study due to the very high
percentage of indigenous children in this Australian
region. In 2001, indigenous children represented
40.1% of the 4-14-year olds in the Northern Territory
(8). Children enrolled in the Northern Territory SDS
represent about 86% of the total Northern Territory
child population (30).

A random sampling procedure was used to
select approximately one in two (1:1.9) children
residing in the capital city of Darwin. This was
achieved by selecting those children whose birth-
day was between the 1st and 16th (inclusive) of any
given month. All children residing outside Darwin
were included in the sampling frame. Data were
weighted on the basis of ‘area of sampling’ and
‘sampling fraction’ to provide a more representa-
tive result, and by ‘time since last dental examina-
tion” so that children on longer recall intervals were
not under-represented (children with good oral
health may be placed on recall intervals of 15-
18 months). Ethical approval for the study was
obtained from the Australian Institute of Health
and Welfare and the University of Adelaide.

SES measure

The Socio-Economic Indices For Areas (SEIFA)
were used to determine socioeconomic relation-
ships with dental disease experience. The indices
were developed by the Australian Bureau of
Statistics (ABS) using data derived from the 2001
Census of Population and Housing (31), and use a
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range of measures to rank areas based on their
relative social and economic well-being. For pur-
poses of this report, the SEIFA Index of Disadvan-
tage (category 2) was used. This index takes into
account variables relating to income, educational
attainment, unemployment and dwellings without
motor vehicles. In particular it focuses on low-
income earners, relatively lower educational attain-
ment and high unemployment. The SEIFA Index
has been validated against house-hold measures of
SES (31) and is a standardized instrument fre-
quently used in the measurement of SES at a
population level in Australia. In the figures, ‘1’
denotes the most disadvantaged areas and ‘4’
denotes the least disadvantaged areas.

Oral health indices

The dmft (sum of decayed, missing and filled teeth
in the deciduous dentition) and DMFT (sum of
decayed, missing and filled teeth in the permanent
dentition) indices were used to assess oral health
outcomes. The indices include a record of the
presence/absence of all teeth including presump-
tive cause of tooth loss and are a cumulative
measure of caries experience. Both measures were
used for children aged 6-10 years because in such
age-groups children have a mixed dentition (both
primary and permanent teeth are present). Perma-
nent teeth usually begin erupting around the age of
6 years.

Indices of caries experience were calculated from
data collected over a 12-month period in 2002-
2003. When children received more than one
examination during this period, information de-
rived from the first examination only was included.
Data were analyzed using SPSS 12.0 and 95%
confidence intervals were generated for each age-

4.5
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group and SEIFA score in relation to mean dmft/
DMFT.

Results

The sample comprised 12,584 children aged
4-13 years, of whom 35.1% (n = 4414) were
indigenous. Indigenous and nonindigenous child
distribution by age is presented in Table 1. The age-
group with the highest proportion of indigenous
children was 13 years (43.4%), while the age-group
with the lowest proportion of indigenous children
was 4 years (27.5%).

The mean dmft for 4-10-year-old children by
indigenous status is presented in Fig. 2. The mean
dmft for indigenous children was greater than for
nonindigenous children across all age-groups, with
the differential being greatest in the younger age-
groups. Five-year-old indigenous children had the
highest mean dmft levels and this was 3.0 times
that of nonindigenous 5-year olds.

Table 1. Number of indigenous and nonindigenous
children by age (row percentages in brackets)

Age (years) Indigenous Nonindigenous
4 365 (27.5) 961 (72.5)
5 476 (33.0) 967 (67.0)
6 426 (30.3) 981 (69.7)
7 514 (35.7) 924 (64.3)
8 556 (38.5) 890 (61.5)
9 542 (37.3) 913 (62.7)

10 534 (37.8) 880 (62.2)

11 503 (37.3) 847 (62.7)

12 377 (36.7) 649 (63.3)

13 121 (43.4) 158 (56.6)

Total 4414 (35.1) 8170 (64.9)
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Fig. 4. Mean dmlft for 4-10-year-old children by SEIFA Index of Relative Socio-Economic Disadvantage.

The mean DMFT for 6-13-year-old children by
indigenous status is presented in Fig. 3. Across all
age-groups, the mean DMFT of indigenous children
was greater than that of nonindigenous children,
with the magnitude of the disparity increasing with
increasing age. Thirteen-year-old indigenous chil-
dren had the highest mean DMFT and this was 2.3
times that of nonindigenous children.

The mean dmft for 4-10-year-old children by the
SEIFA Index of Relative Socio-Economic Disad-
vantage is presented in Fig. 4. Note that for
indigenous children, no cases fell into the least
disadvantaged category. Across all ages and dis-
advantage categories, indigenous children had
higher dmft scores than their nonindigenous
counterparts. Indigenous children aged 5 years
had the highest mean dmft score and this was 3.9
times the dmft of nonindigenous children in the
same disadvantage category. The highest dmft

among nonindigenous children was observed
among 8-year olds, with 8-year-old indigenous
children in the same disadvantage category having
1.5 times this score. Among indigenous children
aged 4-8 years, dmft levels fell steeply with
increasing socioeconomic advantage. This was
less marked among indigenous children aged
9-10 years, but an overall decrease was still
observed. The dmft differential between indigen-
ous and nonindigenous children was greater in the
4-8-year age-groups, but was reduced consider-
ably in the 9-10-year age-groups. Across all ages
(except age 10) the lowest dmft score among
indigenous children was higher than the highest
dmft score of nonindigenous children, irrespective
of disadvantage category. The mean dmft of 4- and
7-year-old nonindigenous children increased with
decreasing social disadvantage, but these changes
were not statistically significant.
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Fig. 5. Mean DMFT for 6-13-year-old children by SEIFA Index of Relative Socio-Economic Disadvantage.

The mean DMFT for 6-13-year-old children by
the SEIFA Index of Relative Socio-Economic Dis-
advantage is presented in Fig. 5. There were no
indigenous children in the least disadvantaged
category. Indigenous children had higher DMFT
levels than nonindigenous children across all ages
and disadvantage categories. Thirteen-year old
indigenous children experienced the highest mean
DMFT levels and this was 2.3 times the DMFT
score of their nonindigenous counterparts in the
same disadvantage group. The greatest differential
was observed among 10-year olds, with the most
disadvantaged indigenous children having 4.6
times the DMFT of nonindigenous children in the
same disadvantage category. While DMFT in-
creased with increasing age across both child
samples, the trend was more pronounced among
indigenous children (for example; the DMFT of the
most disadvantaged indigenous 6- and 13-year
olds were 0.15 and 1.93, respectively, while for
similarly aged and disadvantaged nonindigenous
children, DMFT levels of 0.0 and 0.85, respectively,
were observed). Across all age-groups (except age
6), the DMFT differential between indigenous and
nonindigenous children was widest among the
most disadvantaged groups. The lowest DMFT
score of indigenous children was equal to or higher
than the highest DMFT score of nonindigenous
children across all ages (except ages 7 and 8),
irrespective of disadvantage category. The mean
DMEFT of 6-9-year-old nonindigenous children in
the least disadvantaged category was greater than
their most disadvantaged counterparts, although
these differences were not significant.
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Discussion

This cross-sectional investigation of a child sample
in an Australian territory has showed that social
inequalities were present with respect to indigen-
ous status when an area-based SES measure was
used to assess oral health outcomes. Across all age-
groups, indigenous children had worse oral health
than nonindigenous children, and the most disad-
vantaged indigenous children had poorer oral
health than their less-deprived indigenous coun-
terparts (with the downward trend in dmft/DMFT
score against increasing social advantage generally
being linear). The differentials between indigenous
and nonindigenous dental disease experience were
marked, with indigenous children in the least
disadvantaged categories frequently having worse
oral health than nonindigenous children in the
most disadvantaged categories. While the magni-
tude of oral health disparities between indigenous
and nonindigenous children generally lessened
with increasing SES advantage, a differential still
remained and suggests that the oral health dispar-
ities observed cannot be explained by SES factors
alone.

There may be a number of explanations for our
findings. One obvious reason is that the SEIFA
Index of Relative Disadvantage may not have been
a sensitive enough measure of SES for the purposes
of our study; that is, the parameters of the tool did
not adequately encompass the multitude of com-
plex and inter-related SES factors unique to the
indigenous situation. This may have been over-
come by using the index in conjunction with other
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SES measures, for example, individual or house-
hold-level SES instruments, or by using more
culturally specific SES tools such as household
size, number of children for whom income-earners
are financially responsible and access to dental
services. However, the importance of using area-
based measures of SES when assessing the health
outcomes of indigenous groups has been stressed
by Durie (27), who states that individual-level
analyses of SES (particularly those pertaining to
occupation) fail to capture the complex, diverse
and multi-faceted factors that contribute to socio-
economic disadvantage among indigenous groups.

Consideration of the ‘life course’ model may
offer further explanation for the oral health dispar-
ities observed in the deciduous dentition among
indigenous and nonindigenous 4-8-year olds, and
in the permanent dentition among indigenous and
nonindigenous 8-13-year olds. This paradigm sug-
gests that cumulative lifetime exposure to ‘oral
health-promoting’ or ‘oral health-damaging’ envi-
ronments are the most accurate explanations for
observed oral health differences between popula-
tion groups, with poor growth and development,
and adverse environmental conditions at a young
age being associated with high risk of dental
diseases in later life (32). Examples include pre-
term low-birth-weight babies being more likely to
have enamel hypoplasia leading to increased risk
of dental decay in the primary and permanent
dentition (33-35), and people who experience poor
systemic health at a younger age being more likely
to encounter rapidly progressive periodontitis in
later life (21, 36). There were no specific measures
of life-course factors in our study, but data from the
2001 census pertaining to the Northern Territory
reveal that the proportion of low birthweight
indigenous children is 2.2 times that of nonindig-
enous children and that such indigenous children
have 2.5 times the burden of disease (higher risk of
disease, injury and mortality, and more likely to be
hospitalized for most diseases and conditions) (8)
of nonindigenous children (37). In addition, Nor-
thern Territory indigenous children are 5.5 times
more likely to be the subject of child abuse and 2.6
times more likely to be placed in out-of-home care
than nonindigenous children (37). Such life-course
factors may impact on oral health outcomes (35)
and thus may have influenced the oral health
disparities observed.

Location may have been an additional factor
influencing our findings. Some 80.1% of indigenous
children in the Northern Territory reside in remote

or very remote locations compared with 32.4% of
nonindigenous children (7). Endean et al. (16)
found that remote indigenous children had much
higher dental disease levels than the general
Australian child population, and in both Canada
and the United States rural-dwelling indigenous
children have been consistently found to have
poorer oral health than their counterparts in urban
areas (18, 19). The provision of dental services in
the Northern Territory varies from community to
community depending on location, logistical chal-
lenges and staff availability. For example, indigen-
ous children living in remote communities in the
Top End of the Northern Territory (the area
directly north of Darwin) receive dental service
provision fortnightly/monthly, while the remain-
ing 83% of the Northern Territory remote-living
indigenous child population (7) receive dental
service provision less frequently (written personal
communication; Jill Davis, Director, Oral Health
Services, Department of Health and Community
Services, Northern Territory Government). The
provision of oral health education and promotion
initiatives in these communities is also limited.
Remoteness additionally impinges on indigenous
children’s general health which, following the life-
course model, may have long-term impacts on oral
health. Physical height and weight measures of
indigenous children in remote areas fall far short of
average urban indigenous children measures, and
the prevalence of anemia and other nutrient-defi-
cient conditions among expecting mothers in such
locations is high (38—41). People in remote com-
munities also have limited access to fresh food
produce and, in areas where healthy food is
available, competing priorities for limited family
incomes, lack of nutritional knowledge by care-
givers and lack of culturally appropriate informa-
tion on healthy food may contribute to dietary
choices that are not conducive to generating or
maintaining health (8).

The efficacy of fluoride in the prevention of
dental caries is incontrovertible (42-45). Fluoride
exposure (or lack thereof) may thus have been a
further contributing factor in the oral health
disparities observed. Water fluoride levels (natural
or otherwise) are known for around 10% of remote
indigenous communities in the Northern Territory.
There are large variances in water fluoride levels
between such communities, for example, many
communities in the Top End have negligible
fluoride levels while some areas in central Austra-
lia have natural water fluoride levels that are too
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high (46). The city of Darwin has water fluoridation
of 0.6 ppm. Some 67.6% of the nonindigenous
Northern Territory child population live in Dar-
win, compared with 14.5% of the indigenous child
population (9). Given the representativeness of our
sample, more of those exposed to the benefits of
water fluoridation may have been nonindigenous.
In contrast to metropolitan areas, the availability of
fluoridated toothpaste in remote communities is
also inconsistent, and if available, may be three
times the cost in urban stores (46).

Another element that may have influenced our
findings concern the upstream factors that have
shaped present-day indigenous Australian society.
It is becoming increasingly evident that the separ-
atism and disempowerment that has occurred
among indigenous Australian groups since co-
habitation with nonindigenous people some 200-
odd years ago has had deeper implications than
previously acknowledged; with accumulation of
such grievances being manifest in the widespread
indigenous social and health problems witnessed
today (47). On a world scale, Australia boasts one
of the finest records of general and oral health, yet
the health status of its indigenous groups are on
par with inhabitants of the poorest developing
countries (47). Wooldridge (48) acknowledged that
‘our single most spectacular failure as a nation has
been in the area of Aboriginal and Torres Strait
Islander health’, which was suggested by Thomson
(47) as being due (in part) to the lack of social
resources in indigenous communities and to part-
nerships between indigenous groups and govern-
ment health services being frequently ‘set up to
fail’. High welfare dependence (in the Northern
Territory, 85% of indigenous adults are dependent
upon welfare) (7) is also recognized as being
socially destructive and as having a major negative
influence on a community’s morale, which may be
expressed in certain ‘down stream’ factors inclu-
ding child oral health outcomes (49, 50).

In summary, our findings suggest that SES alone
(as measured by the SEIFA Index) does not account
for observed oral health disparities among indi-
genous and nonindigenous children in an Austra-
lian territory. The findings add to the collective
knowledge of indigenous oral health issues and, as
such, may enable policy makers to implement more
effective and relevant indigenous oral health strat-
egies, including initiatives that address ‘upstream’
factors as well as those more directly related to
dental service provision, and oral health education
and promotion. The findings provide some insight
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into the complex relationship between SES, indi-
genous status and oral health, and may be useful in
the design of investigations that aim to further
explore indigenous child oral health inequalities.
Although our investigation focused on indigenous
children in one Australian territory, the findings
have international relevance as the global commu-
nity becomes increasingly aware of their role in
addressing the social, economic and health disad-
vantages experienced by indigenous groups
throughout the world.
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