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Abstract
Objective: Non-utilization of dental care during adolescence can result in poorer oral 
health and subsequently higher expenditures on dental services. This study exam-
ined the geospatial and epidemiological factors associated with utilization of the pub-
licly funded Adolescent Oral Health Services (AOHS) in Canterbury, Aotearoa New 
Zealand (NZ).
Methods: A secondary analysis of prospectively collected routine data from AOHS 
visits of adolescents in school Year 9 (13–14 years) for the financial year 2019–2020. 
Geographic information systems examined distance from home to dental prac-
tices. Multilevel mixed-effects Poisson regression models investigated associations 
between geospatial, demographic and clinical factors and non-utilization of dental 
services. Models were adjusted for sex, ethnicity, area-level deprivation, rural/urban 
classification, previous caries experience and the distance from home address to den-
tal practice referred.
Results: Dental practices were concentrated in large urban areas and in the least de-
prived neighbourhoods, with several service area gaps identified. Rural areas and the 
most deprived areas of Christchurch City had the highest non-utilization rates. After 
adjustment, adolescents residing in the most deprived areas had a higher risk of non-
utilization (adjusted risk ratio [aRR] = 1.38; 95% CI 1.26–1.51) compared to adolescents 
in the least deprived areas. Adolescents in remote areas also had an increased risk of 
non-utilization (aRR = 1.36; 95% CI 1.20–1.54) compared to adolescents in urban core 
areas. Finally, Māori (aRR = 1.37; 95% CI 1.29–1.46) and Pasifika (aRR = 1.46; 95% CI 
1.35–1.59) adolescents had significantly higher risks of non-utilization compared to 
their NZ European counterparts.
Conclusion: Inequitable utilization of dental services exists among adolescents in 
Canterbury, NZ, and is associated with Māori, Pasifika and those living in rural and 
most deprived areas. Adolescents at the greatest oral health risk are geographically 
underserved by current oral health services. The current health system should also 
explore the possibility of partnering with Māori and Pasifika communities to provide 
services within culturally appropriate settings.
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1  |  INTRODUC TION

Despite being largely preventable, oral diseases are estimated to af-
fect 3.5 billion people globally with serious health and economic bur-
dens for those affected.1 The prevalence of untreated dental caries 
in permanent dentition worldwide is highest among those aged 15–
19 years.1 Poorer oral health during adolescence (defined as people 
aged between 13 and 17 years) can result in a higher disease burden 
during adulthood2 and higher expenditures on dental services.3 In 
high-income countries, the prevalence of dental caries in children 
and adolescents has generally reduced in the last 40 years.1 However, 
geographic inequality of dental services and socioeconomic inequi-
ties have restricted access to dental care for particular population 
groups, resulting in the cumulative burden of oral diseases carried 
into adulthood.1,4 Recent evidence suggests that the imbalanced dis-
tribution of dentists in market-driven private practices has caused a 
profound impact on dental service utilization worldwide, with unmet 
needs in remote, rural and lower socioeconomic areas.4

In Aotearoa New Zealand (NZ), adolescents are less likely to uti-
lize dental care compared to younger children despite the availability 
of publicly funded dental services since 1921.5,6 Children from birth 
to school Year 8 (age 12–13 years) currently receive free routine 
dental care in community-based clinics.5 In school Year 9 (age 13–
14 years), adolescents are transferred on to Adolescent Oral Health 
Services (AOHS) and continue to receive routine care until their 18th 
birthday from dental providers contracted by local District Health 
Boards (DHBs).5 Although public expenditure on dental services 
is substantial, costing NZ$140.59 million in the year 2017/2018,7 
changes in oral health outcomes for children and adolescents are 
modest.7 A lack of early disease management significantly contrib-
utes towards preventable hospital admissions,3 costing the health 
system NZ$49.68 million in hospital dental services in 2017/2018.7 
Māori (NZ's indigenous people) and Pasifika children and adoles-
cents experience nearly double the rates of oral diseases compared 
to their non-Māori/non-Pasifika counterparts.5

Barriers to dental care utilization among NZ adolescents have 
been identified at the individual, family and community level, with 
most evidence qualitative or anecdotal in nature.8–10 Specifically, a 
lack of oral health literacy, incorrect perceptions of costs associated 
with dental care, and parents' oral health beliefs, behaviours and 
values have been cited as potential barriers.8–11 The transition from 
structured appointments on school grounds to adolescents having 
to arrange their own appointments in private practices also resulted 
in adolescents reporting increased difficulty in attending appoint-
ments.8,10,11 Transportation was a significant hurdle associated with 
deprived families.8,10 Literature has also detailed the pervasiveness 
of ethnic discrimination and the lack of culturally safe environments 
within the health system,12 which is associated with reduced quality 

of care and poorer health outcomes experienced by Māori, Pasifika 
and ethnic minority groups.8,12,13 Similar to other countries,4 NZ 
has an uneven distribution of dental practices, where dental care 
is mostly concentrated in urban areas of higher socioeconomic sta-
tus.14 Moreover, the lowest dental practice/adult population ratios 
were found in areas with the highest population density of Māori 
and Pasifika people.14

Canterbury is one of the 16 regions in NZ. At the time of the 
study, its healthcare provision was covered by Canterbury DHB, 
which was the second largest DHB in terms of population and 
area (roughly 594 320 residents or 12% of NZ's population) with 
the fastest-growing Māori population in NZ.15 In Canterbury, uti-
lization rates among adolescents have been consistently lower 
than the national average, remaining relatively stagnant at around 
66.8% from the year 2001 to 2011.6 There is a dearth of contem-
porary, locally-specific and robust quantitative evidence for this 
age group to inform policy changes at a regional level. Furthermore, 
the broader evidence base across NZ is limited by a lack of up-to-
date, information-rich datasets and a standardized methodology. 
This study is the first to use both geospatial and epidemiological 
methods to identify factors associated with non-utilization for ado-
lescents at the regional level. The aims were to: (1) visually explore 
the distribution of dental practices providing AOHS in Canterbury 
by area-level deprivation, rural/urban classification and geospatial 
access to services; (2) geospatially map non-utilization rates across 
Canterbury; and (3) measure the extent of association between 
non-utilization and sociodemographic and other variables. This 
knowledge will facilitate more nuanced oral health policies and pro-
vide guidance on developing locally-specific strategies in engaging 
adolescents.

2  |  METHODS

2.1  |  Study design

This is a retrospective geospatial cross-sectional study using pro-
spectively collected routine data for adolescents in school Year 9 for 
the financial year 2019–2020.

2.2  |  Participants and setting

Adolescents who received dental care through Community Dental 
Services (CDS) within the Canterbury DHB (CDHB) region in school 
Year 8 over 2018 and eligible for enrolment in AOHS16 in school Year 
9 over 2019–2020. Those residing in Chatham Islands and South 
Canterbury were excluded due to differences in service provision, 

K E Y W O R D S
access to dental care, adolescent, dental care utilization, geographic information systems, 
health service mapping, New Zealand, oral health
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390  |    LEE et al.

population demographics and geographical remoteness, and sepa-
rate jurisdictional management, respectively (see Figure 1).

2.3  |  Primary measures

Dental records were retrieved from two primary sources: Titanium 
and Proclaim. Titanium is an electronic software used by CDS in 
delivering dental services for children up to school Year 8 (https://
www.monta​ge.co.nz/custo​mers/cante​rbury​-distr​ict-healt​h-board). 
Proclaim is an administrative software used to process data for 
AOHS from school Year 9 up to their 18th birthday (https://nsfl.
health.govt.nz/accou​ntabi​lity/perfo​rmanc​e-and-monit​oring/​perfo​
rmanc​e-measu​res/final​-draft​-perfo​rmanc​e-measures). By deter-
ministically matching each participant's National Health Index (NHI) 
number (a unique code allocated to residents who have interacted 
with NZ health services [https://www.health.govt.nz/our-work/
healt​h-ident​ity/natio​nal-healt​h-index]), Titanium data at school Year 
8 over 2018 were joined to corresponding Proclaim data at school 

Year 9 over 2019–2020. The primary dataset was de-identified and 
anonymized by CDHB prior to its release.

Dental service utilization at school Year 9 was determined by 
whether or not dental treatment was claimed by their dental pro-
vider through Proclaim, and categorized as: utilized and completed 
dental care, partially utilized dental care and did not utilize dental 
care. Due to small numbers associated with partially utilized dental 
care (n = 141, 1.1%), it was combined with adolescents who did not 
utilize dental care, forming a dichotomous variable.

2.4  |  Sociodemographic and clinical variables

Sex (male, female), ethnicity and previous dental caries experience 
were derived from the primary dataset. Ethnicity was based on pa-
rental/caregiver report at the child's birth, which allows for multiple 
identifications. Based on the Ministry of Health's ethnicity proto-
cols, children with multiple identifications were assigned a single 
ethnicity via a prioritization hierarchy.17 Final categories used were 

F I G U R E  1  Participant flow diagram.
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Māori, Pasifika, Asian, NZ European and Other. Missing, undisclosed 
and unidentifiable ethnic data were categorized as Unknown.

Each adolescent's previous caries experience was measured 
based on clinical records at school Year 8 using the decayed, missing 
and filled teeth (DMFT) index.18 The 12-year-old indicator age group, 
as defined by World Health Organization,18 was used as this is the 
closest age group to the study participants. DMFT scores were clas-
sified as: very low (0–1.1), low (1.2–2.6), moderate (2.7–4.4), severe 
(4.5–6.5) and very severe (6.6 or higher).18

2.5  |  Geospatial variables

Data on geographical attributes were retrieved from national-level 
datasets and open-access sources. The NZ road network layer was 
sourced from the GeoHealth Laboratory website.19 Geographic 
boundary datasets as defined by territorial authorities and regional 
councils were downloaded from the Statistics NZ website for area 
units of DHBs, functional urban area (FUA), wards, Statistical Area 2 
(SA2), Statistical Area 1 (SA1) and 2018 Meshblocks.20 The 2018 New 
Zealand Deprivation Index (NZDep2018),21 used as a basis of measure 
of socioeconomic disadvantage, was aggregated to the meshblock level, 
the smallest geographical unit for which statistical data is collected. All 
data were downloaded in October 2021 and geocoded to each ado-
lescent's home address using QGIS software (Open Source Geospatial 
Foundation Project). All adolescents' home addresses were geocoded 
and only the longitude and latitude of each address were stored.

2.5.1  |  Area-level deprivation

NZDep201821 provides an area-based measure of disadvantage 
by integrating seven domains of deprivation: employment, income, 
crime, housing, health, education and access to services.22 An ordi-
nal scale was used, ranging from one (least deprived) to five (most 
deprived) in quintiles. This was converted to a sample-specific dep-
rivation index to compare deprivation quintiles between study par-
ticipants rather than the whole of NZ, as Canterbury has less overall 
variation in area-level deprivation scores.22

2.5.2  |  Rural/urban classification

A modified functional urban area indicator (IFUA)23 was used. Urban 
and rural spaces were classified according to its number of residents 
and commuting patterns.23 Urban cores are defined as urban areas 
with more than 5000 residents; secondary urban cores are urban 
areas where at least 40% of workers commute to the urban core; 
satellite urban areas are small urban areas where at least 40% of 
workers commute to the urban core/secondary urban core; and hin-
terlands are rural settlements where at least 40% of workers com-
mute to urban spaces.23 For visual clarity, secondary urban core and 
satellite urban areas were combined as urban (other), while land area 
outside functional urban area was labelled remote.

2.5.3  |  Dental practice locations

Addresses of dental practices providing AOHS were obtained from 
the CDHB website (https://www.cdhb.health.nz/healt​h-servi​ces/
commu​nity-denta​l-service). These were cross-checked with dental 
practices that adolescents were referred to at school Year 8 and/
or attended at school Year 9. The longitude and latitude of each ad-
dress were obtained through Google Maps.

2.6  |  Geospatial methods

QGIS was used for spatial analyses. Data were visualized at the geo-
graphic scale of wards, which are large geographic boundaries origi-
nally set up within Territorial Authorities with a population of at least 
20 000 people for electoral purposes.20

2.6.1  |  Network analysis

Two distances were calculated for each adolescent using the R pack-
age stplanr24: from their home address to the dental practice they 
were referred to at school Year 8, and from their home address to the 
dental practice they actually attended at school Year 9. This was done 
by calculating the shortest paths along the road network19 between 
the nodes closest to the home address and the dental practice, which 
provided the distance in meters, respectively, for each path.

2.6.2  |  Geospatial access to dental care

The distribution of dental practices was mapped in relation to1: 
area-level deprivation by categorizing all meshblock areas to their 
associated NZDep2018 quintile,2 rural/urban classification using a 
modified IFUA23 and3 service area accessibility using the isochro-
nes function by OpenRouteService (ORS) Tools (http://openr​outes​
ervice.org).

2.6.3  |  Non-utilization rates across Canterbury

The percentages of non-utilization of dental care in each ward was 
calculated and classed by equal counts to display wards with higher 
concentrations of non-utilization.

2.7  |  Statistical methods

Statistical analyses were conducted using Stata SE version 17.0 
(StataCorp, College Station), using robust variance estimators, and 
a two-tailed α = .05 defined significance. Reporting of the study 
findings were informed by the spatial lifecourse standards outlined 
in the ISLE-ReST statement25 and REporting of studies Conducted 
using Observational Routinely-collected Data (RECORD).26
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Recognizing that conventionally employed logistic regression 
models produce odds ratios with inflated estimates of relative risks 
(RRs) when the outcome of interest is not rare,27 an alternative 
approach was taken. A modified Poisson regression models with 
log-link function and robust variance estimators were used to esti-
mate risk factors' RRs directly.28,29 Complete case multilevel mixed-
effects models were employed, treating SA2 as random intercept 
effects and adolescents nested within SA2 clusters, to investigate 
the association between dental service utilization and key variables. 
For the crude analysis, only the primary variables were investigated. 
Adjusted analyses were controlled for sociodemographic, clinical 
and area-level variables. In the spirit of Sun and colleagues,30 no 
variable selection was made within these adjusted analyses.

Regression diagnostics was assessed using the modified 
Lemeshow-Hosmer goodness-of-fit statistic, and predictive capabil-
ity assessed via the area under the curve (AUC) estimate.31 AUC of 
0.5 represents a model with predictive ability that is no better than 
chance, 0.7–0.8 is considered acceptable, 0.8–0.9 is considered ex-
cellent and more than 0.9 is considered outstanding.31

2.8  |  Ethics

Ethical approval was obtained from the CDHB Research Office and 
Te Komiti Whakarite. The study was developed in consultation with 
CDHB and Ngāi Tahu Consultation and Engagement Group.

3  |  RESULTS

3.1  |  Participant flow

A total of 14 044 patient records were supplied, of whom 12 550 
adolescents (89.4%) were eligible for analysis (Figure 1).

3.2  |  Descriptive analysis

Table 1 describes the participants' characteristics.
Using prioritized ethnic categorization, 9.2% of adolescents 

were Māori, 3.9% were Pasifika, 9.0% were Asian and 70.1% were 
NZ European. There was an underrepresentation in this sample dis-
tribution compared to the population distribution for children aged 
10–14 in 2018 population estimates within the CDHB region, where 
10.5% were Māori, 4.1% were Pasifika and 15.9% were Asian.32

Similar to the population distribution for children aged 10–
14 years in 2018 in Canterbury,33 there were slightly more male 
(51.6%) than female (48.4%) adolescents in the study. Most ado-
lescents (34.8%) resided in least deprived areas (Q1). The majority 
also lived in main urban (64.3%) and secondary urban (16.2%) areas. 
Consistent with this age group,2 the previous caries experience of 
most adolescents (85.9%) was very low (DMFT = 0–1.1).

Overall, from the 12 550 adolescents analysed in this study, 7373 
(58.8%) utilized and completed dental care at school Year 9, while 
5036 (40.1%) did not utilize dental care, and 141 (1.1%) partially uti-
lized dental care.

TA B L E  1  Descriptive statistics of study participants (n = 12 550).

Variables n (%)

Ethnicity

NZ European 8791 (70.1)

Māori 1155 (9.2)

Pasifika 490 (3.9)

Asian 1123 (9.0)

Other Ethnicity 231 (1.8)

Unknown 760 (6.1)

Sexa

Male 6471 (51.6)

Female 6072 (48.4)

Area-level deprivation (quintiles)b

Q1 (least deprived) 2583 (20.6)

Q2 2471 (19.7)

Q3 2530 (20.2)

Q4 2487 (19.8)

Q5 (most deprived) 2478 (19.8)

Rural/urban classificationc

Urban core 8069 (64.3)

Urban (other) 2036 (16.2)

Hinterland 1252 (10.0)

Remote 1193 (9.5)

Previous caries experience at school Year 8 (DMFTd)

Very low (0–1.1) 10 777 (85.9)

Low (1.2–2.6) 499 (4.0)

Moderate (2.7–4.4) 318 (2.5)

Severe (4.5–6.5) 63 (0.5)

Very severe (>6.6) 46 (0.4)

Unknown 847 (6.8)

Utilization of dental care at Year 9

Non-utilizatione 5177 (41.2)

Accessed and completed 
dental care

7373 (58.8)

aMissing data for seven participants (0.06%).
bHome address of 1 participant had no associated area-level 
deprivation (NZDep2018).
cBased on a modified Functional Urban Area Indicator (IFUA),24 where 
secondary urban core and satellite urban areas were combined as Urban 
(other), while land area outside functional urban area was labelled 
Remote.
dDecayed, missing and filled teeth.
eAdolescents who did not access dental care (n = 5036, 40.13%) and 
adolescents who only partially utilized dental care (n = 141, 1.12%) were 
combined under non-utilization.
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    |  393LEE et al.

3.3  |  Geospatial analysis

3.3.1  |  Geospatial access to dental care

Distribution of dental practices by area-level deprivation
Figure 2 shows the location of 96 dental practices providing AOHS 
across the greater Christchurch area by area-level deprivation. 
There was an uneven spread of dental practices across Christchurch 
City, with a general concentration in the least deprived areas. The 
majority were located in Central (n = 17), Riccarton (n = 9), Fendalton 
(n = 8) and Papanui (n = 8) wards. Wards with the most deprivation 
(Q5) were Linwood (55.8%), Burwood (41.3%) and Central (28.1%) 
(Table S1). Only seven dental practices serviced the three wards lo-
cated in eastern Christchurch. In contrast, 10 dental practices ser-
viced Cashmere and Fendalton, the two least deprived wards (Q1) 
within Christchurch City.

Distribution of dental practices by rural/urban classification
Dental practices were highly concentrated in urban areas and sparse 
in rural areas (Figure 3). Of the 96 dental practices mapped, 77 were 
located within urban core areas, 13 in urban (other), 2 in hinterland 
and 4 in remote (Table S2). There was a centralized clustering of den-
tal practices in Christchurch City. There were none servicing West, 

East, South, Ellesmere and Eastern wards, all of which were hinter-
land and/or remote areas.

Service area of dental practices by walking/driving
Within Christchurch City, large overlaps of services within 
500 m of walking distance were pronounced in wards with 
higher numbers of dental practices (Central, Riccarton and 
Fendalton wards) (Figure S1A). The easternmost wards had no 
service area overlaps within 500 m, and large portions of geo-
graphical areas in the outskirts of the city were outside of the 
2 km walking range.

While the service areas within 2.5 km of driving distance cov-
ered most roads across Christchurch City, the overlap of services 
were concentrated centrally (Figure S1B). Service gaps of more than 
2.5 km by car in the city were identified in pockets of geographi-
cal areas within Halswell, Burwood and Linwood wards, indicating 
lower accessibility for communities in these regions.

Non-utilization rates of AOHS across the Canterbury region
The highest non-utilization rates of 50.1%–58.8% were seen in rural 
wards (Malvern, Western, Ashburton, Eastern, Area Outside Ward) 
and in three wards in the greater Christchurch City (Hornby, Central 
and Linwood) (Figure S2).

F I G U R E  2  Distribution of AOHS dental practices across the greater Christchurch area and area-level deprivation.
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394  |    LEE et al.

3.4  |  Statistical analysis

3.4.1  |  Crude analyses

Table 2 presents the association between sociodemographic, clini-
cal and area-level factors and the distribution of non-utilization of 
dental care at school Year 9 derived from multilevel mixed-effects 
modified Poisson regression models. There were 258 SA2s in the 
dataset, with an average of 48.6 adolescents in each (range: 1–162 
adolescents).

Briefly, crude models showed that identifying as Māori, Pasifika 
and Unknown ethnicities, living in areas of mid (Q3), higher (Q4) and 
highest (Q5) deprivation levels, living in a remote area, and having 
low, moderate and unknown DMFT scores were associated with 
significantly higher risks of non-utilization (all p < .05). There was 

no association for sex and the distance from adolescents' home ad-
dresses to dental practices they were referred to.

3.4.2  |  Adjusted analyses

In the fully adjusted models, the association between ethnicity, area-
level deprivation, rural/urban classification and previous caries ex-
perience with non-utilization of dental care remained significant (all 
p < .05); see Table 2. Complete data for all variables were available 
from 12 361 (98.5%) adolescents.

Findings showed that Māori and Pasifika had significantly higher 
adjusted risks of non-utilization at 1.37 (95% CI: 1.29–1.46) and 
1.46 (95% CI: 1.35–1.59) compared to NZ Europeans. In addition, 
increasing area-level deprivation was associated with increasing 

F I G U R E  3  Distribution of dental 
practices providing AOHS by rural/urban 
classification in Canterbury.
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non-utilization rates, with those in the most deprived areas having an 
estimated adjusted risk ratio (aRR) of 1.38 (95% CI: 1.26–1.51) com-
pared to adolescents living in the least deprived areas. Similarly, in-
creasing rurality was associated with increasing non-utilization rates, 

with those residing in remote areas having an increased aRR of 1.36 
(95% CI: 1.20–1.54) compared to those living in urban core areas.

Adolescents with moderate DMFT scores had higher adjusted 
risk of non-utilization (1.17; 95% CI: 1.05–1.32) compared to 

TA B L E  2  Distribution of non-utilization of dental care at school Year 9 by categories, together with relative risks (RRs) and associated 
95% confidence intervals (CIs) estimates from crude and adjusted complete case multilevel logistic models.

Total Non-utilization Crude Adjusteda

N n (%) RR (95% CI) RR (95% CI)

Sexb

Male 6471 2687 (41.5) 1 (reference) 1 (reference)

Female 6072 2486 (40.9) 0.98 (0.94, 1.02) 0.98 (0.94, 1.02)

Ethnicity

NZ European 8791 3326 (37.8) 1 (reference) 1 (reference)

Māori 1155 654 (56.6) 1.44 (1.35, 1.53) 1.37 (1.29, 1.46)

Pasifika 490 309 (63.1) 1.57 (1.46, 1.69) 1.46 (1.35, 1.59)

Asian 1123 458 (40.8) 1.08 (0.99, 1.18) 0.99 (0.90, 1.08)

Other Ethnicity 231 92 (39.8) 1.06 (0.89, 1.26) 0.98 (0.82, 1.16)

Unknown 760 338 (44.5) 1.17 (1.08, 1.26) 1.12 (1.03, 1.21)

Area-level deprivationc

Least (Q1) 2583 888 (34.4) 1 (reference) 1 (reference)

Lower 2471 880 (35.6) 1.04 (0.95, 1.14) 1.02 (0.94, 1.11)

Mid 2530 1045 (41.3) 1.20 (1.10, 1.31) 1.14 (1.05, 1.24)

Higher 2487 1089 (43.8) 1.26 (1.14, 1.39) 1.22 (1.11, 1.33)

Most (Q5) 2478 1274 (51.4) 1.45 (1.33, 1.59) 1.38 (1.26, 1.51)

Rural/urban classificationd

Urban core 8069 3258 (40.4) 1 (reference) 1 (reference)

Urban (other) 2036 813 (39.9) 1.02 (0.93, 1.12) 1.12 (1.03, 1.22)

Hinterland 1252 508 (40.6) 1.02 (0.91, 1.13) 1.22 (1.09, 1.36)

Remote 1193 598 (50.1) 1.23 (1.12, 1.37) 1.36 (1.20, 1.54)

Previous caries experience (DMFTe)

Very low 10 777 4232 (39.3) 1 (reference) 1 (reference)

Low 499 232 (46.5) 1.15 (1.04, 1.26) 1.10 (1.00, 1.21)

Moderate 318 162 (50.9) 1.24 (1.10, 1.39) 1.17 (1.05, 1.32)

Severe 63 33 (52.4) 1.23 (0.99, 1.53) 1.14 (0.91, 1.43)

Very severe 46 23 (50.0) 1.17 (0.89, 1.54) 1.02 (0.77, 1.34)

Unknown 847 495 (58.4) 1.47 (1.38, 1.58) 1.42 (1.32, 1.52)

Distance from home address to dental practice referred

<1379 m 2474 1057 (42.7) 1 (reference) 1 (reference)

1379–2399 m 2476 1015 (41.0) 0.95 (0.87, 1.03) 0.98 (0.90, 1.06)

2400–4356 m 2471 978 (39.6) 0.92 (0.83, 1.01) 0.98 (0.89, 1.07)

4357–10 680 m 2474 946 (38.2) 0.91 (0.83, 0.99) 0.96 (0.88, 1.04)

>10 680 m 2473 1068 (43.2) 1.00 (0.91, 1.09) 0.95 (0.85, 1.06)

aAdjusted for sex, ethnicity, area-level deprivation, functional urban area, previous caries experience, distance from home address to dental practice 
referred.
bMissing data for seven (0.06%) participants.
cMissing data for one (0.01%) participant.
dBased on a modified Functional Urban Area Indicator (IFUA),24 where secondary urban core and satellite urban areas were combined as Urban 
(other), while land area outside functional urban area was labelled Remote.
eDecayed, missing and filled teeth.
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adolescents with very low DMFT scores. There were non-significant 
associations between severe and very severe DMFT scores with 
non-utilization, with measured effect sizes of 1.14 (95% CI: 0.91–
1.43) and 1.02 (95% CI: 0.77–1.34), respectively.

In terms of regression diagnosis, there is no evidence for a lack of 
fit (modified Lemeshow-Hosmer goodness-of-fit statistic, p = .06).31 
However, the estimated AUC = 0.634 (95% CI: 0.626–0.645) which 
represents inadequate predictive ability and suggests other import-
ant unmeasured factors exist. The variance component associated 
with the SA random effect in this model was estimated at σ = .202 
(95% CI: 0.168–0.241).

4  |  DISCUSSION

This study aimed to empirically quantify factors associated with low 
utilization rates of publicly funded dental care among adolescents in 
Canterbury through geospatial and statistical methods. The results 
show a clustering of dental practices in urban areas and in the least 
deprived neighbourhoods with several service area gaps. Overall, 
area-level deprivation, living in rural areas and ethnicity were signifi-
cantly associated with non-utilization of AOHS. Specifically, Māori 
and Pasifika adolescents were 37% and 46% significantly less likely 
to utilize care than NZ European, respectively. Adolescents living in 
the most deprived areas were 38% less likely to utilize services than 
those living in the least deprived areas, and adolescents living fur-
thest away in remote areas were 36% less likely to utilize services 
than those living in urban areas.

Findings support prior literature suggesting there is a geographi-
cal inequity of dental services in NZ and worldwide.4,14 While AOHS 
is publicly funded in NZ, this service is nonetheless delivered by con-
tracted dental providers generally working in private practices. It is 
therefore unsurprising that the distribution of dental providers mir-
rors that of countries adopting a fee-for-service model, where den-
tists are located in areas where populations have a higher purchasing 
power.4 This gives further support to prior literature suggesting that 
transportation issues and/or the limited number of dental providers 
in the area may be the reasons behind lower utilization rates in rural 
and more deprived areas.14 The study also provides robust evidence 
of ethnic inequity associated with utilization of dental services for 
Māori and Pasifika adolescents in Canterbury. Although ethnicity 
was a key variable used, it is strongly emphasized that the patterns 
observed here are likely predominantly due to social determinants of 
health inequities between adolescents rather than intrinsic cultural/
ethnic differences. While Māori and Pasifika adolescents are more 
likely to experience dental caries and lower service utilization, these 
are influenced by social, economic and environmental factors, to-
gether with barriers to healthcare.12,13 For many Māori people, eth-
nic discrimination and the lack of culturally safe dental environments 
have affected their willingness to engage with dental services.8,13 
Pasifika adolescents have also previously identified barriers to seek-
ing routine care, such as negative perceptions of dentists, uncom-
fortable and unsupportive dental environments, and the lessened 

cultural emphasis on individual health.10,11 Therefore, these deeply-
rooted historical, cultural and systemic issues, coupled with socio-
economic pressures that afflict many families, result in avoidance 
and even distrust in dental services among Māori and Pasifika.

It has been noted in literature that greater dental caries expe-
rience in childhood lead to higher trajectories of dental caries in 
adulthood.2 An association between increasing DMFT scores with 
decreasing utilization rates was not found in this study; rather, 
only adolescents with ‘moderate’ and unknown DMFT scores uti-
lized dental care at lower rates than those with ‘very low’ scores. 
However, a relatively small proportion of adolescents had ‘severe’ 
(n = 63) or ‘very severe’ (n = 46) scores. It is notable that 6.8% of ad-
olescents had no DMFT scores recorded. These adolescents may 
have had higher disease severity. Such severe dental profiles are 
likely to result in seeking emergency treatment outside of routine 
care,3 prompting negative dental experiences and further patterns 
of non-attendance.8,9,11 However, data on each tooth surface was 
unavailable for analysis. It is thus difficult to affirm if children with 
higher caries experience were more likely to forego dental care in 
adolescence.

The main strengths of the study are its novelty in combining geo-
spatial and epidemiological methods and using an information-rich, 
contemporary and precise dataset with a large sample. The use of 
GIS in pinpointing service area gaps and areas with low utilization 
rates can be replicated across the country to identify underserved 
areas in each region.

Some shortcomings on the methodology should be considered. 
First, the dental history of adolescents who received dental care 
outside of Canterbury prior to Year 9 was not accessible. By deter-
ministically matching data from Proclaim to Titanium, this excluded 
an estimated 140 adolescents new to CDHB jurisdiction in Year 9, 
thus the utilization rates we found differ slightly from national find-
ings.6 Second, as this study used cross-sectional data of one spe-
cific cohort, it is limited in its ability to make causal inference and 
findings may not be generalizable to adolescents at different ages 
or in different settings. There is an underrepresentation of Asians in 
this sample, reflecting previously reported low attendance patterns 
where only 62.6% of Asians in Canterbury aged 0–14 visited a den-
tal provider in the past 12 months over 2017–2020.34 Asians, par-
ticularly recent migrants, are less likely than non-Asians to interact 
with health services.35 Third, in measuring distances between home 
addresses and dental practices, there is a small degree of inaccu-
racy due to the limitation of the R package, where the lengths of the 
actual distance and the distance between nodes vary up to approx-
imately 250 m on the road network. Lastly, the COVID-19 pandemic 
may have impacted on service utilization from 25 March 2020.36 
Routine non-urgent appointments were discouraged during lock-
down, which may have affected a small proportion of the sample.

The AUC estimates from the adjusted models suggest that 
other confounding variables have not been measured or captured 
within this dataset. Unmeasured confounding variables can result 
in substantial bias in estimated exposure-outcome relationships, 
particularly if they are uncorrelated with the measured explanatory 
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variables.37 The dataset was limited by the variables routinely col-
lected clinically. Previous research has detailed other variables 
that influence utilization which are difficult to capture quantita-
tively, such as previous negative dental experiences, perceptions 
of costs, cultural values and oral health beliefs and behaviours.8–11 
A limitation in this study was not knowing where adolescents at-
tended school at Year 9, as a possibility of dental clinic selection is 
in its proximity to their school location rather than home address. 
Examining the interaction between dental care utilization and dis-
tance from school to dental practices will be an important direction 
for future research to determine if proximity to schools is associated 
with higher utilization rates.

This research suggests that there is a pressing need for improved 
access for adolescents living in rural and deprived areas, and to in-
crease utilization rates for adolescents of Māori and Pasifika descent. 
While recognizing their potential limitations, it has been argued that 
evidence from non-randomized population-based associative stud-
ies may provide the best available measure of a public health strate-
gy's impact.38 On this basis, these results suggest that an oral health 
workforce targeting the service gaps identified should be recruited. 
As dental providers are likely to continue selecting locations from 
a business perspective,4 equitable utilization of services will not 
be achieved without interventions by the state. This was demon-
strated in Australia where policies in service delivery and recruit-
ment were developed to meet the dental needs of underserved rural 
populations.39 Introducing dental appointments for adolescents in 
school-based settings or mobile units in deprived/rural areas may 
also remove logistic barriers restricting access to care.8,11 A cultur-
ally appropriate oral health care system is also needed at multiple 
levels to assist in behavioural and systemic changes. Future strat-
egies might also partner with Māori and Pasifika to provide dental 
services within a culturally sensitive context that involves increasing 
oral health literacy of both the adolescent and their families. With 
maraes and churches being a central point for Māori and Pasifika 
communities, these localities offer unique cultural hubs that have 
proved successful in previous health initiatives.8,40

5  |  CONCLUSION

Despite the availability of free dental care in NZ, there is still 
inequitable utilization among adolescents in Canterbury. This 
study found that lower utilization rates were associated with 
Māori, Pasifika and those living in rural and most deprived areas. 
Policies targeting these groups need to be developed to improve 
non-utilization rates among adolescents. The current oral health 
system should explore the possibility of providing services in cul-
turally appropriate settings and placing adequate workforce in un-
derserved areas.
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