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ABSTRACT 
 

Objective: Non-utilisation of dental care during adolescence can result in poorer oral health and 

subsequently higher expenditures on dental services. This study examined the geospatial and 

epidemiological factors associated with the utilisation of the publicly 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 address to dental practices. Multilevel mixed-

effects Poisson regression models investigated associations between geospatial, demographic and 

clinical factors and non-utilisation 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 dental practice referred. 

Results: Dental practices were concentrated in large urban areas and in the least deprived 

neighbourhoods, with several service area gaps identified. Rural areas and the most deprived areas 

of Christchurch City had the highest non-utilisation rates. After adjustment, adolescents residing 

in the most deprived areas had a higher risk of non-utilisation (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-utilisation (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-utilisation 

compared to their NZ European counterparts. 

Conclusion: Inequitable access to publicly funded dental care exists among adolescents in 

Canterbury, NZ, which negatively impacts 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 could explore the possibility of partnering 

with Māori and Pasifika communities to provide services within culturally appropriate settings. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Background 

 

Despite being largely preventable, oral diseases are estimated to affect 3.5 billion people globally 

with serious health and economic burdens for those affected1,2. The prevalence of untreated dental 

caries in permanent dentition is highest amongst those aged 15-19 years worldwide1. Poorer oral 

health during adolescence can result in a higher disease burden during adulthood3 and can result 

in increased demands for acute hospital admissions for inpatient dental care4. In high-income 

countries, the prevalence of dental caries in children and adolescents has generally reduced in the 

last 40 years1,5. However, geographic inequality of dental services and socioeconomic inequities 

have restricted access to dental care for particular population groups, resulting in the cumulative 

burden of oral diseases carried into adulthood1,6. Recent evidence suggests that the imbalanced 

distribution of dentists in market-driven private practices has caused an adverse impact on dental 

service utilisation worldwide, with unmet needs in remote, rural and lower socioeconomic areas6. 

In Aotearoa New Zealand (NZ), adolescents are less likely to access dental care compared to 

younger children despite the availability of publicly funded dental services since 19217,8. For the 

purposes of this study, adolescents are defined as people aged between 13 to 17 years to reflect 

secondary education ages from school Year 9 to school Year 13. Children from birth to school 

Year 8 (age 12-13 years) currently receive publicly funded routine dental care in community-based 

clinics7. 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)7 (see Appendix 1 for Glossary). 

Although public expenditure on dental services is substantial, costing NZ$140.59 million in the 

year 2017/20189, changes in oral health outcomes for children and adolescents are modest9. A lack 

of early disease management significantly contributes towards preventable hospital admissions4, 

costing the health system NZ$49.68 million in hospital dental services in 2017/20189. Māori (NZ’s 

indigenous people) and Pasifika children and adolescents experience nearly double the rates of 

oral diseases compared to their non-Māori/non-Pasifika counterparts7. 
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Barriers to dental care utilisation among NZ adolescents have been identified at the individual, 

family and community level, with most evidence qualitative or anecdotal in nature10–12. 

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 barriers10–

13. 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 appointments10,12,13. Transportation was a significant hurdle associated with 

deprived families10,12. Literature has also detailed the pervasiveness of ethnic discrimination and 

the lack of culturally safe environments within the health system1314, which is associated with 

reduced quality of care and poorer health outcomes experienced by Māori, Pasifika, and ethnic 

minority groups10,14,15. Similar to other countries56, NZ has an uneven distribution of dental 

practices, where dental care is mostly concentrated in urban areas of higher socioeconomic status16. 

Moreover, the lowest dental practice/adult population ratios were found in areas with the highest 

population density of Māori and Pasifika people16. 

In Canterbury, NZ, utilisation rates have been consistently lower than the national average, 

remaining relatively stagnant at around 66.8% from the year 2001 to 20118. There is a dearth of 

contemporary, 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 standardised methodology. This study is the first to 

use both geospatial and epidemiological methods to identify factors associated with non-utilisation 

for adolescents at the regional level.  

 

1.2 Structure of thesis 

 

This thesis begins with an introduction chapter (Chapter 1) where background to the research is 

provided. Chapter 2 (Literature Review) summarises literature relating to dental disease burden 

and access to dental services on a global scale; the theoretical framework underpinning this 

research; historical and current contexts of oral health care in New Zealand; barriers to utilisation 

of dental services among adolescents in New Zealand; and the current oral health status of 

adolescents in Canterbury, New Zealand. It is followed by describing research gaps and the 
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significance of this study. The chapter closes with the research questions, aims and objectives of 

this research.  

 

Chapter 3 (Methods) describes the research methods used to answer the research questions 

identified in Chapter 2. This chapter includes the study design, participant and setting selection, 

data sources, variables analysed, and the geospatial and statistical methods used for analysis. This 

chapter also describes the ethics approval process. Chapter 4 (Results) presents the findings of this 

research. This chapter opens with the participant flow and the descriptive statistics of study 

participants. It is followed by findings of the geospatial analysis that includes the visualisation of 

disparities in access to dental care and non-utilisation rates of Adolescent Oral Health Service 

across the Canterbury region. This chapter then presents the findings of both the crude and adjusted 

statistical analyses.  

 

Chapter 5 (Discussion) provides an overall discussion of research findings and critically assesses 

how they align with previous findings in literature. The chapter also includes the strengths and 

limitations of the research and provides recommendations for further research and policy changes. 

The final chapter (Conclusion) provides a brief description of key findings of this novel research, 

and presents recommendations for policy and interventions to improve utilisation rates among 

adolescents.  

 

During the Master of Health Sciences candidacy, this research has also been written and submitted 

for publication to Community Dentistry and Oral Epidemiology (see Appendix 8) and a revision 

has been requested (Appendix 9). 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Dental disease burden and spatial inequities in oral health on a global 

scale 

 

Oral diseases, such as dental caries and periodontal disease, are a major public health issue 

worldwide5, with lower socioeconomic populations, remote communities and minority groups 

continuing to bear a disproportionate burden of oral diseases. In 2015, 3.5 billion people, nearly 

half the global population, had untreated oral diseases1.and the estimated worldwide cost towards 

dental expenditures and productivity losses that year was $544.41 billion17. Economic burdens of 

dental diseases are significantly higher for high-income countries than middle- or low-income 

countries17, with the Australasia region having the second highest level of dental expenditure per 

capita after North America (after adjusting for purchasing power parity)17. As the prevalence of 

chronic oral conditions are projected to rise due to population growth and ageing1,2, population-

level preventive measures targeting children and adolescents are increasingly emphasised to 

reduce future demands on oral health care18,19. Given that the prevalence of untreated dental caries 

in permanent adult dentition is highest in the age group of 15-19 years worldwide1, poor oral health 

during adolescence (defined as people aged between 13 to 17 years) can therefore lead to a higher 

disease burden during adulthood3.  

The advent of modern Geographic Information Systems (GIS) in exploring relationships between 

health and the environment have provided novel strategies in analysing geographic distributions 

of disease and their associations with socioeconomic and environmental factors20. Although GIS 

is frequently used in the field of medical and health geography, spatial  analyses of access to dental 

services has less often been considered .  Evidence has noted a general reduction of the prevalence 

of dental caries among children and adolescents in the last 40 years in high-income countries1,5, 

however  inequities in the geographical distribution of dental services worldwide may continue to 

limit access to dental services for populations living in remote, rural and lower socioeconomic 

areas6,21,22. The few studies which have incorporated  GIS  into dental studies worldwide have 

demonstrated spatial  inequities in the prevalence of dental diseases23–25 and access to dental 

services21,22,26–29. While evidence using GIS in dentistry is limited, the findings to date have 

suggested a need to concentrate health resources on more disadvantaged and remote communities.  
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2.2 Theoretical framework: social determinants of adolescent oral health 

 

From a medical point of view, oral diseases are multifactorial in aetiology, resulting from the 

interaction between bacterial biofilm, diet and host/genetic factors over time30. During 

adolescence, increased risk factors for developing oral diseases include previous caries experience 

in childhood, snacking habits and/or sugar intake, hormonal changes, oral health literacy, dental 

hygiene habits, nicotine initiation and orthodontic considerations31–33. There is also compelling 

evidence that several risk factors at the individual level highly influence the aetiology of 

periodontal disease, such as cigarette smoking, uncontrolled diabetes mellitus and obesity34. As 

such, health interventions have largely focused on efforts to change patients’ oral health-related 

behaviours, instead of addressing the underlying causes of their behaviours, attitudes and barriers 

towards dental care35,36. 

The persistence of oral health disparities calls for a more holistic approach in understanding the 

complexities in child and adolescent oral health. Social-ecological influences on oral health has 

long been recognised to be strongly impacted by factors on the macro-environmental level35,36. A 

conceptual model that is useful in framing the social determinants of adolescent oral health 

outlined by the World Health Organisation (WHO)37 is the socio-ecological model38. This model 

helps to structure and identify upstream and downstream influences on adolescent oral health, and 

emphasizes that interactions with healthcare systems, individual behaviours and health outcomes 

are influenced by social structures and the environment38. In the absence of such a framework, risk 

factors are instead attributed to the individual, directly impacting their oral health without 

acknowledging the network of causal links between social structures, psychosocial and 

behavioural pathways39. A socio-ecological model of determinants of adolescent oral health at 

multiple levels is depicted in Figure 2.1.  
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Figure 2.1. Socio-ecological model of determinants of adolescent oral health. (adapted from 

figures by Fisher-Owen et al.36 and Tomar35) 

 

2.3 Historical context of oral health care for children and adolescents in New 

Zealand 

 

In New Zealand, the School Dental Service (SDS) was implemented as a publicly funded service 

in 1921 to address poor oral health among children, with the country considered world-leading in 

dental care for children by the 1970s40. Although treatment needs for children and adolescents 

were being met by dental nurses through SDS, the WHO found that the average adolescent aged 

13-14 years old in New Zealand had heavily filled teeth and received a record high of 37 

restorations per person in 198241. While difficult to make direct comparisons today due to 

difference in age groups and measurement indices used, the average child at school Year 8 (aged 

12-13 years) in 2019 had a mean DMFT (decayed, missing and/or filled teeth) of 0.71 per 

person42.This indicated a very high caries experience rate for a young age group in the 1980s, 
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suggesting higher rates of subsequent tooth loss in adulthood41, which then prompted a push 

towards more preventive rather than restorative care in later years40.  

During the 1990s, the declining prevalence of dental caries among children began to reverse after 

the SDS was downsized as part of a series of social and economic policy reforms by the New 

Zealand government43. Consistent with findings of other countries where Indigenous populations 

suffered from poorer oral health outcomes44, Māori children accessed dental services less than 

non-Māori children and experienced higher rates of oral diseases45,46. In 2006, guided by the 

government’s reinvestment in oral health with the strategic document Good Oral Health for All, 

for Life, SDS underwent significant reconfiguration and was replaced by Community Oral Health 

Services (COHS), with prevention and early detection of oral diseases as its focus47. 

  

2.4 Current system and oral health outcomes for children and adolescents in 

New Zealand 

 

Under COHS, children from birth to school Year 8 (age 12-13 years) currently receive publicly 

funded oral health services in community-based clinics nationwide40. In school Year 8, after 

completion of treatment services, adolescents are transferred on to Adolescent Oral Health 

Services (AOHS) by dental/oral health therapists40. Adolescents in school Year 9 (age 13-14 years) 

continue to receive routine dental care until their 18th birthday from dental providers contracted by 

local District Health Boards (DHBs)47. Despite some decreases in prevalence, dental caries 

continue to disproportionately affect Māori and Pasifika children, with both Māori and Pasifika 

children aged 0-14 years twice as likely as non-Māori/non-Pasifika children to have their teeth 

removed due to decay, an abscess, infection or gum disease in the year 2018/1948. 

Although significant investments have been spent on oral health services, with COHS costing 

NZ$98.42 million and AOHS costing NZ$42.17 million in the financial year 2017/2018, changes 

in oral health outcomes for children and adolescents are modest, and wide ethnic and 

socioeconomic disparities still exist9. A lack of routine dental care and early disease management 

is considered to significantly contribute towards preventable hospital admissions in New Zealand4, 

costing the health system NZ$49.68 million in hospital dental services in 2017/20189. As previous 
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caries experience is the most significant predictor of future caries development3, the lack of routine 

care in treating dental issues in the early stages during childhood and adolescence will result in a 

higher disease burden during adulthood, translating into higher expenditure on oral health 

services49. 

  

2.5 Adolescent utilisation of dental services since the implementation of AOHS 

 

New Zealand adolescents (defined as people aged between 13 and 17 years), regardless of 

ethnicity, are less likely to access dental care compared to younger children7. The national target 

for adolescent utilisation rates was set at 85% by the Ministry of Health47. Since the introduction 

of AOHS, the national utilisation rates for adolescents showed a general upward trend from 2001 

(52%) to 2011 (72%)50, but personal communication with the National Clinical Director (Oral 

Health) of Ministry of Health revealed that rates have remained stagnant at an average of 72% 

from 2012 to 201851. Māori and Pasifika adolescents are significantly more likely to have not 

received dental care compared to other ethnicities52, with Māori having the lowest utilisation rates 

of 46% whereas non-Māori/non-Pasifika had the highest utilisation rates of 76% in 201813. 

Additionally, utilisation rates differed among DHBs, with less than 53% of adolescents accessing 

care in Northland and Tairawhiti, compared to 80% in Auckland, MidCentral, South Canterbury, 

and Nelson Marlborough DHBs in 201813. 

  

2.6 Barriers to utilisation of adolescent dental services in New Zealand 

 

As outlined in Figure 2.1, there may be multiple barriers on access to dental care for adolescents 

at the individual, family and community level, therefore impacting on an individual’s oral health 

status. 

2.6.1 Individual level: oral health literacy, attitudes and behaviours 

At the individual level, it has been suggested that the lack of oral health education among 

adolescents has resulted in adolescents who do not perceive oral health as important or 

necessary10,53. This was found to be the principal reason for not accessing dental care among 
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Southland adolescents aged 16-20 years11. While basic dental care is publicly funded in NZ, there 

is still a perception of cost associated with dental care among adolescents11. It has been suggested 

that these opinions may be influenced by family members who access private dental care with out-

of-pocket payments11,12,53. 

2.6.2 Family level: loss of support, transportation and financial barriers, parents’ oral health 

care behaviours, and culture 

Loss of structured support for attending dental appointments during adolescence has been cited as 

a major issue by many individuals10,12,54,55. After school Year 8, most children no longer receive 

dental examinations on school grounds and are re-enrolled with a contracted dental provider of 

their choice under AOHS in school Year 947. The transition from structured appointments to 

adolescents having to arrange their own appointments requires a degree of autonomy12, and the 

supplementary cost of transportation is a significant hurdle to attending dental appointments, 

particularly for financially disadvantaged families10,12,46. Furthermore, oral health behaviours, 

attitudes and knowledge may be transferred inter-generationally from parents to their children56, 

and collectivist cultural values may also place less emphasis on individual oral health12. 

2.6.3 Community and wider factors: structure of healthcare system, ethnic discrimination, 

lack of culturally safe dental environments, geospatial barriers 

Dental surgery environments have been described as unwelcoming by New Zealand adolescents53. 

Pasifika adolescents also identified negative perceptions of dentists and previous negative dental 

experiences to be barriers to accessing care12. Additionally, literature has continually detailed the 

pervasiveness of ethnic discrimination within the public health system, which is associated with 

reduced quality of care and poorer health outcomes experienced by Māori, Pasifika and minority 

groups15,57. Māori dental providers have cited systemic, geographic and cultural barriers that 

prevent tamariki (children) and rangatahi (adolescents) in accessing dental care. These factors 

include the unnecessary division between services for children and adolescents, transportation 

issues, and the low number of Māori providers54. The lack of culturally safe environments and 

feelings of discrimination affected people’s willingness to engage with dental services, and in 

some cases these negative experiences have influenced the younger generation’s utilisation of 

dental services10. 
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In addition, similar to other countries6,22,58, New Zealand has an uneven distribution of dental 

practices, where dental care is mostly concentrated in urban areas of higher socioeconomic status59 

and the lowest practice/adult population ratios were found in areas with the highest population 

density of Māori and Pasifika16. Areas with high Māori and Pasifika populations (<30%) have a 

practice/adult population ratio of 1:15,400, whereas areas with low Māori and Pasifika populations 

(<10%) have a practice/adult population ratio of 1:25016.The variations in distribution of dental 

practices thus suggest that communities living in rural and socioeconomically deprived regions 

have lower rates of access to dental care due to reduced numbers of dental providers in the 

area16,59.There are a few parts of New Zealand where mobile adolescent dental services visit low 

decile secondary schools regularly to remove logistical barriers such as distance, transportation 

and difficulty of attending appointments12,13,60, however this service is not uniform across the 

country and requires further investigation. 

  

2.7 Oral health status of adolescents in Canterbury, New Zealand 

 

There is a dearth of evidence evaluating the oral health of adolescents living in Canterbury. The 

last study focusing solely on adolescents in this region was conducted in 198241. Canterbury DHB 

is NZ’s second largest DHB in terms of population and area, with an increasing Asian population 

(from 5.7% in 2006 to 11.1% in 2018)61, as well as the fastest-growing Māori population in NZ62. 

While most DHBs reported a general trend of increasing utilisation rates among adolescents from 

2001 to 2011, the utilisation rates in Canterbury remained relatively stagnant around an average 

of 66.8%, but importantly this falls significantly short of the 85% target set by MOH50. 

Correspondence with CDHB revealed that the latest utilisation rates from 2012 to 2020 remain 

suboptimal with an average of 63.4%63. In 2019, only 64.2% of all adolescents eligible for dental 

care utilised dental services in Canterbury51. There are also ethnic disparities in utilisation rates, 

where adolescents identifying as Pasifika, Māori and Asian have the lowest access of dental care 

(40%, 41% and 51% respectively) in comparison to adolescents identifying as NZ European/Other 

(72%) (Table 2.1)51.  
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Table 2.1. AOHS utilisation in Canterbury in 2019 by ethnic identification51.  

Ethnic 

identificationa 

Number of adolescents who 

accessed dental care (n) 

Estimated population (n) Completed 

treatment (%) 

Māori 1,887 4,560 41% 

Pacific 473 1,170 40% 

Asian 1,698 3,315 51% 

NZ European/Other 15,252 21,055 72% 

Total 19,310 30,100 64% 

Note: aEthnic identification was determined through Ministry of Health’s prioritised ethnicity categorisation 

protocols64. 

 

About 80% of Cantabrians live in the Greater Christchurch area, with the remainder dispersed over 

a large geographical area62. Dental providers contracted under AOHS are presumed to be unevenly 

spread across Canterbury, as the majority of private dental practices located in the relatively 

affluent areas of Christchurch59. As there are only 3 contracted dental practices covering areas that 

are relatively more deprived on the eastern side, CDHB currently provides dental services for 

adolescents in a community dental clinic in the Aranui suburb63. 

  

2.8 Summary 

 

The literature review clearly shows that inequities in oral health outcomes and access to dental 

services persist to this day both in New Zealand and internationally. In New Zealand, the low 

utilisation rates of dental care among adolescents is not only associated with a lack of individual 

oral health literacy, but also with wider factors at the family, community and environmental level. 

Given the substantial public expenditure in oral health services for adolescents, it is worrying that 

the national utilisation rates of adolescent dental care have continued to fall short of the MOH 

target of 85%, with much lower rates of access for Pasifika and Māori adolescents13,50,51. 

Utilisation rates in CDHB region has consistently been lower than the national average51,63 and 

also demonstrate similar ethnic inequities in accessing care50,51. Therefore, studying factors that 

have the strongest influence on utilisation rates is necessary to devise better public health 

interventions.  
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2.9 Limitations in current research and significance of research 

 

There is a dearth of contemporary, locally-specific and robust quantitative evidence to inform 

policy changes on the regional level. Existing evidence is currently limited by a lack of up-to-date, 

information-rich datasets and a standardised methodology. Moreover, no study has explicitly 

investigated if the distance from home to the dental practice they are enrolled with is a significant 

barrier for adolescents living in Canterbury, or if adolescents receive dental care at the dental 

practice they are referred to, or end up receiving care at a different practice. As distance from home 

is a significant determinant in accessing health interventions65, it is valuable to examine the spatial 

patterns of utilisation among adolescents in relation to the uneven distribution of contracted dental 

providers across Canterbury. 

Using geospatial and epidemiological methods that have rapidly advanced in recent years, this 

study uses a centralised, contemporary and comprehensive dataset to provide up-to-date 

information on utilisation rates of dental care among adolescents in Canterbury. A standardised 

methodology and best-practice reporting guidelines were adhered to66. This study will add to 

evidence and provide a deeper empirical understanding as to why utilisation rates continue to 

remain unchanged in this region, as adolescents who currently suffer disproportionate rates of 

dental diseases are likely to develop more dental problems in adulthood, requiring further health 

expenditures and heavily affecting their quality of life49. 

  

2.10 Research questions 

 

The research questions that framed the research are as follows: 

1. What are the dental care utilisation needs and services of adolescents in regions within the 

Canterbury DHB jurisdiction? 

2. What are the factors associated with dental care utilisation among adolescents in Canterbury? 

3. By bringing together epidemiological and spatial findings, what is the extent of association 

between sociodemographic, socioeconomic and geospatial factors on dental service 

utilisation? 
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2.11 Research aim and objectives 

 

The primary aim of this study was to empirically quantify and understand some of the reasons why 

utilisation rates of publicly funded dental care among adolescents continue to be low in the 

Canterbury region.  

The objectives were to: (1) geospatially map the distribution of dental practices providing AOHS 

in Canterbury by area-level deprivation, rural/urban classification, and access to services; (2) 

geospatially map non-utilisation rates across Canterbury; and (3) measure the extent of association 

between non-utilisation and sociodemographic and other variables.  

This knowledge will facilitate more nuanced oral health policies and provide guidance on 

developing locally-specific strategies in engaging adolescents. 
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CHAPTER 3: METHODS 
 

3.1 Study design 

 

This is a retrospective geospatial cross-sectional study using prospectively collected routine data 

for adolescents in school Year 9 for the financial year 2019-2020.  

  

3.2 Participants and setting 

 

Adolescents who received dental care through Community Dental Services (CDS) within the 

CDHB region in school Year 8 over 2018 and eligible for enrolment in AOHS in school Year 9 

over 2019-2020. Those residing in Chatham Islands and South Canterbury were excluded due to 

differences in service provision, population demographics and geographical remoteness, and 

separate jurisdictional management respectively (see Figure 3.1).  
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Figure 3.1. Participant flow diagram. 
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3.3 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.montage.co.nz/customers/canterbury-district-health-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/accountability/performance-and-monitoring/performance-

measures/final-draft-performance-measures). By deterministically 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/health-identity/national-health-

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 anonymised by CDHB 

prior to its release.  

Dental service utilisation at school Year 9 was determined by whether or not dental treatment was 

claimed by their dental provider through Proclaim, and categorised as: accessed and completed 

dental care, partially utilised dental care, and did not access dental care. Due to small numbers 

associated with partially utilised dental care (n = 141, 1.1%), it was combined with adolescents 

who did not access dental care, forming a dichotomous variable.  

 

3.4 Sociodemographic and clinical variables 

 

Sex (male, female), ethnicity and previous dental caries experience were derived from the primary 

dataset. Ethnicity was based on parental/caregiver report at the child’s birth, which allows for 

multiple identifications. Based on the Ministry of Health’s ethnicity protocols, children with 

multiple identifications were assigned a single ethnicity via a prioritisation hierarchy64. Final 

categories used were Māori, Pasifika, Asian, NZ European, and Other. Missing, undisclosed and 

unidentifiable ethnic data were categorised as Unknown. 

Each adolescent’s previous caries experience was measured based on clinical records at school 

Year 8 using the DMFT index67. The 12-year-old indicator age group, as defined by World Health 

https://www.montage.co.nz/customers/canterbury-district-health-board
https://nsfl.health.govt.nz/accountability/performance-and-monitoring/performance-measures/final-draft-performance-measures
https://nsfl.health.govt.nz/accountability/performance-and-monitoring/performance-measures/final-draft-performance-measures
https://www.health.govt.nz/our-work/health-identity/national-health-index
https://www.health.govt.nz/our-work/health-identity/national-health-index
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Organization67, was used for the ease of further statistical analyses as this is the closest age group 

to the study participants. DMFT scores were classified as: very low (0 to 1.1), low (1.2 to 2.6), 

moderate (from 2.7 to 4.4), severe (from 4.5 to 6.5), and very severe (6.6 or higher)67.  

 

3.5 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 website68. 

Geographic boundary datasets as defined by Territorial Authorities and Regional Councils were 

downloaded from the Statistics NZ website for area units of District Health Boards (DHBs), 

Functional Urban Area (FUA), wards, Statistical Area 2 (SA2), Statistical Area 1 (SA1) and 2018 

Meshblocks69. The 2018 New Zealand Deprivation Index (NZDep2018)70, 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 adolescent’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. 

3.5.1 Area-level deprivation: NZDep201870 provides an area-based measure of disadvantage by 

integrating seven domains of deprivation: employment, income, crime, housing, health, education 

and access to services71. An ordinal scale was used, ranging from 1 (least deprived) to 5 (most 

deprived) in quintiles. This was converted to a sample-specific deprivation index to compare 

deprivation quintiles between study participants rather than the whole of NZ, as Canterbury has 

less overall variation in area-level deprivation scores71. 

3.5.2 Rural/urban classification: A modified functional urban area indicator (IFUA)72 was used. 

Urban and rural spaces were classified according to its number of residents and commuting 

patterns72. Urban cores are defined as urban areas with more than 5,000 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 hinterlands are rural settlements where at least 40% of workers commute to urban 
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spaces72. 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. 

3.5.3 Dental practice locations: Addresses of dental practices providing AOHS were obtained 

from the CDHB website (https://www.cdhb.health.nz/health-services/community-dental-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 address were obtained through 

Google Maps. 

 

3.6 Geospatial methods 

 

QGIS was used for spatial analyses. Data were visualised at the geographic scale of wards, which 

are large geographic boundaries originally set up within Territorial Authorities with a population 

of at least 20,000 people for electoral purposes69. 

3.6.1 Network analysis: Two distances were calculated for each adolescent using the R package 

stplanr73: 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 network68 between the nodes closest to 

the home address and the dental practice, which provided the distance in meters respectively for 

each path. 

3.6.2 Access to dental care: The distribution of dental practices were mapped in relation to: (1) 

area-level deprivation by categorising all meshblock areas to their associated NZDep2018 quintile, 

(2) rural/urban classification using a modified IFUA72, and (3) service area accessibility using the 

isochrones function by OpenRouteService (ORS) Tools (http://openrouteservice.org). 

3.6.3 Non-utilisation rates across Canterbury: The percentages of non-utilisation of dental care 

in each ward was calculated and classed by equal counts to display wards with higher 

concentrations of non-utilisation.  

 

https://www.cdhb.health.nz/health-services/community-dental-service/
http://openrouteservice.org/
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3.7 Statistical methods 

 

Statistical analyses were conducted using Stata SE version 17.0 (StataCorp, College Station, TX, 

USA), using robust variance estimators, and a two-tailed α=0.05 defined significance. Reporting 

of the study findings were informed by the spatial lifecourse standards outlined in the ISLE-ReST 

statement66 and REporting of studies Conducted using Observational Routinely-collected Data 

(RECORD)74 (Appendix 2). 

Recognising that conventionally employed logistic regression models produce odds ratios with 

inflated estimates of relative risks (RRs) when the outcome of interest is not rare75, an alternative 

approach was taken. A modified Poisson regression models with log-link function and robust 

variance estimators were used to estimate risk factors’ RRs directly76,77. 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 utilisation 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 colleagues78, no variable selection was made within these adjusted analyses.  

Regression diagnostics was assessed using the modified Lemeshow-Hosmer goodness-of-fit 

statistic, and predictive capability assessed via the area under the curve (AUC) estimate79. 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 excellent, and more than 0.9 is considered outstanding79. 

  

3.8 Ethics 

 

The study did not require ethical approval from University of Canterbury’s Human Ethics 

Committee (Appendix 3) and was out of scope for the Health and Disability Ethics Committee 

ethics review (Appendix 4). Ethical approval was obtained from the CDHB Research Office and 

Te Komiti Whakarite (Appendix 5 and 6). The study was developed in consultation with CDHB 

and Ngāi Tahu Consultation and Engagement Group (Appendix 7). 
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CHAPTER 4: RESULTS 

 

4.1 Participant flow 

 

A total of 14,044 patient records were supplied, of whom 12,550 adolescents (89.4%) were eligible 

for analysis (Figure 3.1). 

 

4.2 Descriptive analysis 

 

Table 4.1 describes the participants’ characteristics.  
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Table 4.1. Descriptive statistics of study participants (n=12,550). 

Variables n (%) 

        

        Ethnicity 

                 NZ European 8,791 (70.1) 

                 Māori 1,155 (9.2) 

                 Pasifika 490 (3.9) 

                 Asian 1,123 (9.0) 

                 Other Ethnicity 231 (1.8) 

                 Unknown 760 (6.1) 

   

         Sexa   

                 Male 6,471 (51.6) 

                 Female 6,072 (48.4) 

   

         Area-level deprivation (quintiles)b   

                 Q1 (least deprived) 2,583 (20.6) 

                 Q2   2,471 (19.7) 

                 Q3  2,530 (20.2) 

                 Q4  2,487 (19.8) 

                 Q5 (most deprived) 2,478 (19.8) 

   

        Rural/urban classificationc   

                 Urban core 8,069 (64.3) 

                 Urban (other) 2,036 (16.2) 

                 Hinterland 1,252 (10.0) 

     Remote 1,193 (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) 

   

        Utilisation of dental care at Year 9    

                 Non-utilisatione 5,177 (41.2) 

                 Accessed and completed dental care 7,373 (58.8) 

   
Note: aMissing data for 7 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; and 
eAdolescents who did not access dental care (n = 5,036, 40.13%) and adolescents who only partially utilised dental 

care (n = 141, 1.12%) were combined under Non-utilisation. 
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Using prioritised ethnic categorisation, 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 

distribution 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 

Asian80. 

Similar to the population distribution for children aged 10-14 years in 2018 in Canterbury81, there 

were slightly more male (51.6%) than female (48.4%) adolescents in the study. Most adolescents 

(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 group3, the previous caries experience of 

most adolescents (85.9%) was very low (DMFT = 0-1.1). 

Overall, 7,373 (58.8%) adolescents utilised dental care at school Year 9, while 5,036 (40.1%) did 

not access dental care, and 141 (1.1%) partially utilised dental care.  

 

4.3 Geospatial analysis 

4.3.1 Access to dental care 

4.3.1a Distribution of dental practices by area-level deprivation 

Figure 4.1 shows the location of 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 greatest 

proportion of meshblocks in the most deprived quintile of deprivation (Q5) were Linwood 

(55.8%), Burwood (41.3%) and Central (28.1%) (Table 4.2). Only seven dental practices serviced 

the three wards located in eastern Christchurch. In contrast, 10 dental practices serviced Cashmere 

and Fendalton, the two wards with the greatest proportion of meshblocks in the least deprived 

quintile (Q1) within Christchurch City. 
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Figure 4.1. Distribution of dental practices providing AOHS across the greater Christchurch area 

(n=73) and area-level deprivation. 
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Table 4.2. Distribution of meshblocks in each ward in Canterbury according to its associated 

NZDep2018 score (Q1 is the least deprived and Q5 is the most deprived). The number of 

dental practices providing AOHS is displayed for each ward. 

Ward 

Total 

meshblocks 

N 

NZDep2018 score n (%) Number 

of dental 

practices Q1 (%) Q2 (%) Q3 (%) Q4 (%) Q5 (%) 

             

Area Outside Ward 77 12 (15.6) 18 (23.4) 31 (40.3) 13 (16.9) 3 (3.9) 1 

Ashburton 264 61 (23.1) 41 (15.5) 62 (23.5) 75 (28.4) 25 (9.5) 4 

Banks Peninsula 191 69 (36.1) 87 (45.5) 32 (16.8) 3 (1.6) 0 (0.0) 1 

Burwood 387 53 (13.7) 49 (12.7) 44 (11.4) 81 (20.9) 160 (41.3) 2 

Cashmere 274 142 (51.8) 75 (27.4) 32 (11.7) 23 (8.4) 2 (0.7) 2 

Central 513 9 (1.8) 47 (9.2) 177 (34.5) 136 (26.5) 144 (28.1) 17 

Coastal 304 18 (5.9) 62 (20.4) 51 (16.8) 104 (34.2) 69 (22.7) 2 

East 89 3 (3.4) 36 (40.4) 36 (40.4) 11 (12.4) 3 (3.4) 0 

Eastern 158 28 (17.7) 62 (39.2) 42 (26.6) 21 (13.3) 5 (3.2) 0 

Ellesmere 140 31 (22.1) 62 (44.3) 28 (20.0) 15 (10.7) 4 (2.9) 0 

Fendalton 321 129 (40.2) 86 (26.8) 60 (18.7) 27 (8.4) 19 (5.9) 8 

Halswell 347 175 (50.4) 79 (22.8) 51 (14.7) 33 (9.5) 9 (2.6) 2 

Harewood 304 92 (30.3) 74 (24.3) 77 (25.3) 41 (13.5) 20 (6.6) 2 

Heathcote 375 152 (40.5) 46 (12.3) 79 (21.1) 50 (13.3) 48 (12.8) 4 

Hornby 296 33 (11.1) 32 (10.8) 73 (24.7) 128 (43.2) 30 (10.1) 2 

Innes 365 46 (12.6) 71 (19.5) 104 (28.5) 103 (28.2) 41 (11.2) 4 

Kaiapoi-Woodend 309 71 (23.0) 97 (31.4) 65 (21.0) 60 (19.4) 16 (5.2) 5 

Linwood 328 1 (0.3) 6 (1.8) 22 (6.7) 116 (35.4) 183 (55.8) 3 

Malvern 178 49 (27.5) 76 (42.7) 38 (21.3) 15 (8.4) 0 (0.0) 1 

Oxford-Ohoka 164 68 (41.5) 60 (36.6) 29 (17.7) 7 (4.3) 0 (0.0) 1 

Papanui 310 46 (14.8) 75 (24.2) 89 (28.7) 64 (20.6) 36 (11.6) 8 

Rangiora-Ashley 283 94 (33.2) 87 (30.7) 43 (15.2) 36 (12.7) 23 (8.1) 5 

Riccarton 254 16 (6.3) 30 (11.8) 64 (25.2) 97 (38.2) 47 (18.5) 9 

Selwyn Central 236 186 (78.8) 39 (16.5) 9 (3.8) 2 (0.8) 0 (0.0) 3 

South 83 14 (16.9) 43 (51.8) 9 (10.8) 17 (20.5) 0 (0.0) 0 

Spreydon 280 25 (8.9) 56 (20.0) 82 (29.3) 70 (25.0) 47 (16.8) 4 

Waimairi 255 48 (18.8) 81 (31.8) 76 (29.8) 46 (18.0) 4 (1.6) 4 

West 177 41 (23.2) 65 (36.7) 48 (27.1) 16 (9.0) 7 (4.0) 0 

Western 157 30 (19.1) 91 (58.0) 29 (18.5) 7 (4.5) 0 (0.0) 1 
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4.3.1b Distribution of dental practices by rural/urban classification 

Dental practices were highly concentrated in urban areas and sparse in rural areas (Figure 4.2). Of 

the 96 dental practices mapped, 77 were located within urban core areas, 13 in urban (other), 2 in 

hinterland, 4 in remote (Table 4.3). There was a centralised clustering of dental practices in 

Christchurch City. There were none servicing West, East, South, Ellesmere and Eastern wards, all 

of which were hinterland and/or remote areas. 
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Figure 4.2. Distribution of all dental practices (n=96) providing AOHS by rural/urban 

classification in Canterbury. 



27 
 

Table 4.3. Number of dental practices according to rural/urban classification in Canterbury. 

IFUA2018 

code 
Rural/urban classification FUA name FUA type 

Number 

of dental 

practices 

 

101 Urban core Ashburton Medium regional centre 4 

101 Urban core Christchurch Metropolitan area 73 

102 Urban (other) Christchurch Metropolitan area 11 

103 Urban (other) Christchurch Metropolitan area 2 

201 Hinterland Ashburton Medium regional centre 0 

201 Hinterland Christchurch Metropolitan area 2 

901 Land area outside FUA Land area outside FUA Area outside FUA 4 

902 Water area outside FUA Water area outside FUA Area outside FUA 0 

     

 

4.3.1c Service area of dental practices by walking/driving 

Within Christchurch City, large overlaps of services within 500m of walking distance were 

pronounced in wards with higher numbers of dental practices (Central, Riccarton and Fendalton 

wards) (Figure 4.3A). The easternmost wards had no service area overlaps within 500m, and large 

portions of geographical areas in the outskirts of the city were outside of the 2km walking range. 

While the service areas within 2.5km of driving distance covered most roads across Christchurch 

City, the overlap of services were concentrated centrally (Figure 4.3B). Service gaps of more than 

2.5km by car in the city were identified in pockets of geographical areas within Halswell, Burwood 

and Linwood wards, indicating lower accessibility for communities in these regions. 
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4.3.2 Non-utilisation rates of AOHS across the Canterbury region 

The highest non-utilisation 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 4.4).   
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Figure 4.4. Non-utilisation rates of AOHS across wards in Canterbury for 2019-2020. 
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4.4 Statistical analysis 

 

4.4.1 Crude analyses 

Table 4.4 presents the association between sociodemographic, clinical and area-level factors and 

the distribution of non-utilisation 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). 
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Table 4.4. Distribution of non-utilisation 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 mixed-effects models. 

 Total Non-

utilisation 

Crude Adjusteda 

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

Sexb 

    

   Male 6,471 2,687 (41.5) 1 (reference) 1 (reference) 

   Female 6,072 2,486 (40.9) 0.98 (0.94, 1.02) 0.98 (0.94, 1.02) 

 

Ethnicity     

   NZ European 8,791 3,326 (37.8) 1 (reference) 1 (reference) 

   Māori 1,155 654 (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 1,123 458 (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) 2,583 888 (34.4) 1 (reference) 1 (reference) 

   Lower 2,471 880 (35.6) 1.04 (0.95, 1.14) 1.02 (0.94, 1.11) 

   Mid 2,530 1,045 (41.3) 1.20 (1.10, 1.31) 1.14 (1.05, 1.24) 

   Higher 2,487 1,089 (43.8) 1.26 (1.14, 1.39) 1.22 (1.11, 1.33) 

   Most (Q5) 2,478 1,274 (51.4) 1.45 (1.33, 1.59) 1.38 (1.26, 1.51) 

 

Rural/urban classificationd 

   Urban core 8,069 3,258 (40.4) 1 (reference) 1 (reference) 

   Urban (other) 2,036 813 (39.9) 1.02 (0.93, 1.12) 1.12 (1.03, 1.22) 

   Hinterland 1,252 508 (40.6) 1.02 (0.91, 1.13) 1.22 (1.09, 1.36) 

   Remote 1,193 598 (50.1) 1.23 (1.12, 1.37) 1.36 (1.20, 1.54) 

 

Previous caries experience (DMFTe) 

   Very low 10,777 4,232 (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 

  <1,379m 2,474 1,057 (42.7) 1 (reference) 1 (reference) 

   1,379 – 2,399m 2,476 1,015 (41.0) 0.95 (0.87, 1.03) 0.98 (0.90, 1.06) 

   2,400 – 4,356m 2,471 978 (39.6) 0.92 (0.83, 1.01) 0.98 (0.89, 1.07) 

   4,357 – 10,680m 2,474 946 (38.2) 0.91 (0.83, 0.99) 0.96 (0.88, 1.04) 

  >10,680m 2,473 1,068 (43.2) 1.00 (0.91, 1.09) 0.95 (0.85, 1.06) 
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Note: aAdjusted for sex, ethnicity, area-level deprivation, functional urban area, previous caries experience, distance 

from home address to dental practice referred; 
bMissing data for 7 (0.06%) participants;  
cMissing data for 1 (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; and  
eDecayed, Missing and Filled Teeth.  
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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-utilisation (all p<0.05). There was no association for sex and the distance from adolescents’ 

home addresses to dental practices they were referred to.  

4.4.2 Adjusted analyses  

In the fully adjusted models, the association between ethnicity, area-level deprivation, rural/urban 

classification and previous caries experience with non-utilisation of dental care remained 

significant (all p<0.05); see Table 4.4. 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-utilisation 

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 non-utilisation rates, with those 

in the most deprived areas having an estimated adjusted risk ratio (aRR) of 1.38 (95% CI: 1.26-

1.51) compared to adolescents living in the least deprived areas. Similarly, increasing rurality was 

associated with increasing non-utilisation 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-utilisation (1.17; 95% 

CI: 1.05-1.32) compared to adolescents with very low DMFT scores. There were non-significant 

associations between severe and very severe DMFT scores with non-utilisation, 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=0.06)79. However, the estimated AUC=0.634 (95% CI: 0.626-0.645) 

which represents inadequate predictive ability and suggests other important unmeasured factors 

exist. The variance component associated with the SA random effect in this model was estimated 

at σ=0.202 (95% CI: 0.168-0.241). 
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CHAPTER 5: DISCUSSION 
 

5.1 Key findings 

 

This study aimed to empirically quantify and understand some of the reasons why utilisation rates 

of publicly funded dental care among adolescents continue to be low in the Canterbury region. 

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 played a significant role in non-utilisation of AOHS. Specifically, Māori and Pasifika 

adolescents were 37% and 46% significantly less likely to utilise care than NZ European, 

respectively. Adolescents living in the most deprived areas were 38% less likely to access care 

than those living in the least deprived areas, and adolescents living furthest away in remote areas 

were 36% less likely to access care than those living in urban areas.  

Findings support prior literature suggesting there is a geographical inequity of dental services in 

NZ16 and worldwide6. While AOHS is publicly funded in NZ, this service is nonetheless delivered 

by contracted dental providers generally working in private practices. It is therefore unsurprising 

that the distribution of dental providers mirrors that of countries adopting a fee-for-service model, 

where dentists are located in areas where populations have a higher purchasing power6. 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 utilisation rates in rural and more 

deprived areas16. This study also provides robust evidence of ethnic inequity in accessing dental 

services for Māori and Pasifika adolescents in Canterbury at present, which reflects a lack of 

significant change since the New Zealand Oral Health Survey was conducted in 200952. Ethnic 

discrimination and the lack of culturally safe dental environments have been reported to affect 

Māori peoples’ willingness to engage with dental services10,15. Pasifika adolescents have 

previously identified barriers to seeking routine care, such as negative perceptions of dentists, 

uncomfortable and unsupportive dental environments, and the lessened cultural emphasis on 

individual health12,13.  

It has been noted in literature that greater dental caries experience in childhood lead to higher 

trajectories of dental caries in adulthood3. An association between increasing DMFT scores with 
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decreasing utilisation rates was not found in this study; rather, only adolescents with “moderate” 

and unknown DMFT scores utilised 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 adolescents 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 care4, prompting negative dental experiences and further 

patterns of non-attendance10,11,13. It is thus difficult to affirm if children with higher caries 

experience were more likely to forego dental care in adolescence. Following the WHO severity 

criteria first established in 197167 and still employed today5, DMFT scores were categorised into 

severity groupings for this study. While this categorisation potential reduces statistical power, this 

approach avoids any linearity in severity assumptions over the range of DMFT scores. Moreover, 

the large sample size likely compensates for any power loss.  

 

5.2 Strengths and limitations of the research  

 

The main strengths of this study are its novelty in combining geospatial and epidemiological 

methods and using an information-rich, contemporary and precise dataset with a large sample. 

Similar to previous research modelling the geographic distribution of dental caries among the adult 

population in Auckland, NZ24, the use of GIS in pinpointing service area gaps and areas with low 

utilisation rates can be replicated for adolescents across the country to identify underserved areas 

in each region. By providing a baseline representation of current arrangements of dental care and 

access to dental services, the ability to promptly visualise spatial disparities on a national level will 

enable policymakers and service providers to ensure more equitable access. 

Some shortcomings on the methodology should be considered. Firstly, the dental history of 

adolescents who received dental care outside of Canterbury prior to Year 9 was not accessible. By 

deterministically matching data from Proclaim to Titanium, this excluded an estimated 140 

adolescents new to CDHB jurisdiction in Year 9, thus the utilisation rates found in this study differ 

slightly from national findings8. Secondly, as cross-sectional data of one specific cohort was used, 

findings may not be generalisable to adolescents at different ages or in different settings. There is 

an underrepresentation of Asians in this sample, reflecting previously reported low attendance 
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patterns where only 62.6% of Asians in Canterbury aged 0-14 visited a dental provider in the past 

12 months over 2017-202082. Asians, particularly recent migrants, are less likely than non-Asians 

to interact with health services83. Thirdly, in measuring distances between home addresses and 

dental practices, there is a small degree of inaccuracy due to the limitation of the R package, where 

the lengths of the actual distance and the distance between nodes vary up to approximately 250m 

on the road network. Lastly, the Covid-19 pandemic may have impacted on service utilisation from 

25 March 202084. Routine non-urgent appointments were discouraged during lockdown, 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 variables85. The dataset was limited by the variables routinely 

collected clinically. Previous research has detailed other variables that influence utilisation which 

are difficult to capture quantitatively, such as previous negative dental experiences, perceptions of 

costs, cultural values, and oral health beliefs and behaviours10–13. A limitation in this study was 

not knowing where adolescents attended school at Year 9, as a possibility of dental clinic selection 

is in its proximity to their school location rather than home address.  

 

5.3 Recommendations from the study 

 

The main findings of this research are highly relevant for the adolescent population in Canterbury 

for further research and oral health service development. 

5.3.1 Further research 

Repeating this study on an annual basis will provide health services with rapid understanding of 

specific localities where utilisation is occurring at lower frequencies.  This will help identify trends 

in dental service utilisation and guide the process of planning, monitoring and evaluating oral 

health services for adolescents. The methodology can also be repeated for AOHS in other regions 

or at the national level for a deeper understanding of factors contributing to non-utilisation. Should 

information on adolescents’ school locations become readily available for analysis, examining the 
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interaction between dental care utilisation and distance from school to dental practices will be an 

important direction for future research to determine if proximity to schools is associated with 

higher utilisation rates. 

5.3.2 Policy recommendations 

This research elucidates a pressing need for improved access for adolescents living in rural and 

deprived areas, and for adolescents of Māori and Pacific descent. Tackling this will require 

deliberate policy action as dental providers contracted to provide dental services for adolescents 

primarily work in private practices that are mediated by the fee-for-service model. Mirroring the 

‘inverse care law’86, the paucity of dental services increases for populations who need it more. 

New Zealand has a mixed oral health workforce with allied dental personnel, with dentists, dental 

therapists (DTs) and oral health therapists (OHTs) having the qualifications to provide services for 

adolescents47. However, there is still an underutilisation of the scope of practice among OHTs87 

and a heavy reliance exists on dentists for provision of adolescent care as they make up the majority 

of the dental workforce59,87. This is further complicated by increasing workloads59 and workforce 

shortages88 nationwide, indicating longer wait times before patients are seen88 and a reluctance to 

take up the current capitation scheme for adolescents that has been regarded as ‘financially 

unfeasible’ by dentists89. 

Increasing oral health workforce numbers 

An immediate recommendation would be that adequate oral health workforce numbers are 

recruited by CDHB to serve geographical areas in which service gaps are identified in the 

Canterbury region. As dentists working in private practice are likely to continue selecting locations 

from a business perspective5, equitable access will not be achieved without interventions by the 

state. Given that OHTs' skills are reportedly underutilised and it is cost-saving to public dental 

service funding to hire allied dental staff87, more incentives need to be introduced by key 

stakeholders to recruit and retain workforce numbers in the public86 sector and to encourage the 

private sector in the uptake of OHTs87. 

Flexibility in service access and delivering culturally appropriate care 

Furthermore, as the transition from the structured appointments at Year 8 to having to arrange their 

own appointments at Year 9 has been cited as a major hurdle10,12,54,55, introducing more flexible 
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arrangements for adolescents to be treated in school-based settings or mobile units particularly in 

deprived/rural areas across Canterbury is recommended. This has previously been highlighted in 

literature to remove logistic barriers restricting access to care10,13. A culturally appropriate oral 

health care system is also needed at multiple levels to assist in behavioural and systemic changes. 

Future strategies should 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 

initiatives10,90. 

Reorientation of dental services in deprived and rural areas 

 A thorough review of the existing Combined Dental Agreement scheme is also recommended to 

address fiscal impediments preventing dentists from undertaking the contract89. Additional 

research should also involve dental providers to undercover their experiences and feasible 

strategies for service provision. While allocating more funding towards the service is an inevitable 

step forward to encourage dentists to take up the scheme, AOHS is still mostly dependent on dental 

providers working in private practice and the service is bound to geographical locations of existing 

dental practices. Ultimately, to improve access to dental care, public health services may consider 

removing divisions in child, adolescent and adult care by creating public dental clinics for 

communities situated in deprived/rural areas. This was demonstrated in Australia where policies 

in service delivery and recruitment were developed to meet the dental needs of underserved rural 

populations by utilising clinical teams where OHTs delivered preventive care while dentists 

provided complex treatments for patients of all ages91.  
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CHAPTER 6: CONCLUSION 
 

Despite the availability of publicly funded dental care in NZ, there is inequitable access among 

adolescents in Canterbury negatively impacting Māori, Pasifika, and those living in rural and most 

deprived areas. The application of GIS in this study provides detailed maps in terms of access of 

dental care for adolescents and service areas of dental practices across Canterbury. These findings 

demonstrate that oral health inequities remain and continue to be shouldered by populations 

already at risk.  

Using the same methods, future research can be repeated annually to monitor for changes over 

time and can be employed by other regions or at the national level. Further research can also 

investigate if proximity to schools are associated with higher utilisation of dental services. Policies 

targeting these underserved groups also need to be developed to improve non-utilisation rates 

among adolescents. The current oral health system should place adequate workforce in 

underserved areas identified in this study. To improve the oral health status of adolescents, 

stakeholders should encourage the full utilisation of OHTs’ scopes of practice to meet current 

needs and explore the possibility of providing services on school grounds, in mobile units, and in 

culturally appropriate settings. While more funding should be granted under the Combined Dental 

Agreement to encourage more dental providers to undertake the current scheme, service delivery 

is inherently bound to geographical locations of existing dental practices. Stakeholders should thus 

consider the provision of dental care through the conception of public dental clinics in underserved 

areas. 
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APPENDICES 
 

Appendix 1: Glossary 

TERM ABBREVIATION DEFINITION 

Adolescent  Defined as a person aged between 13-17 years for the 

purposes of this research to reflect secondary school 

education ages in New Zealand from Year 9 to Year 13. 

Adolescent 

Oral Health 

Services 

AOHS Publicly funded oral health service provision for 

patients from school Year 9 up to their 18th birthday. 

Includes a yearly dental check-up, radiographs, scale 

and polish, and most restorative treatments. Orthodontic 

care, extractions for orthodontic purposes, surgical 

extractions of wisdom teeth, and sedation costs are not 

covered. Eligible adolescents must be a New Zealand 

citizen, permanent resident, or their parent is on a two-

year work visa92. 

Canterbury 

District Health 

Board 

 

CDHB Organisation responsible for ensuring provision of 

health and disability services to populations within a 

defined geographic area in the Canterbury region. For 

the purposes of this research, the Canterbury region 

includes North Canterbury districts, greater 

Christchurch region and Mid Canterbury districts; 

excludes South Canterbury districts and Chatham 

Islands. 

Combined 

Dental 

Agreement 

CDA The contracted service agreement for the provision of 

oral health services for children and adolescents 

between local DHBs and private dental providers. 
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Community 

Dental Services 

CDS Regional organisation within Canterbury and South 

Canterbury DHBs providing publicly funded dental care 

for eligible children (0-12 years) and responsible for 

referring adolescents to a contracted private dental 

practitioner for further care. 

Community 

Oral Health 

Services 

COHS National service that replaces the School Dental Service 

to provide dental care for children in stand-alone 

community-based clinics, mobile clinics, and hospital-

based units. 

Decayed 

Missing Filled 

Teeth 

DMFT The sum of the number of Decayed, Missing and Filled 

Teeth due to decay in permanent dentition; commonly 

used as an epidemiological index in dentistry to assess 

oral health status67. 

Ministry of 

Health 

MOH The New Zealand Government’s principal advisor on 

health and disability responsible for healthcare in New 

Zealand. 

Proclaim  An administrative billing software used by Combined 

Dental Agreement (CDA) to process data for publicly 

funded adolescent oral health services in New Zealand 

from school Year 9 up to their 18th birthday93. 

School Dental 

Services 

SDS National service that provided dental care for children 

on school grounds; now defunct and replaced by 

Community Oral Health Services. 

Titanium  A comprehensive dental software used in managing and 

delivering oral health services, and provides the 

patient’s electronic dental record. Currently in use by 

Canterbury DHB94. 
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Appendix 2: RECORD checklist 

The RECORD statement – checklist of items, extended from the STROBE statement, that 

should be reported in observational studies using routinely collected health data.  

  

  Item 

No.  

STROBE items  Location in 

manuscript 

where items 

are reported  

RECORD items  Location in 

manuscript 

where items 

are reported  

Title and abstract   

  1  (a) Indicate the 

study’s design with 

a commonly used 

term in the title or 

the abstract (b) 

Provide in the 

abstract an 

informative and 

balanced summary 

of what was done 

and what was found  

  RECORD 1.1: The 

type of data used 

should be specified in 

the title or abstract. 

When possible, the 

name of the databases 

used should be 

included.  

  

RECORD 1.2: If 

applicable, the 

geographic region and 

timeframe within 

which the study took 

place should be 

reported in the title or 

abstract.  

  

RECORD 1.3: If 

linkage between 

databases was 

conducted for the 

study, this should be 

clearly stated in the 

title or abstract.  

Page i  

  

  

  

  

 

 

 

 

Page i  

  

  

  

  

  

 

 

 

N/A  

Introduction  

Background 

rationale  

2  Explain the 

scientific 

background and 

rationale for the 

investigation being 

reported  

    Chapter 2  

Objectives  3  State specific 

objectives, including 

any prespecified 

hypotheses  

    Page 13  
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Methods  

Study Design  4  Present key 

elements of study 

design early in the 

paper  

    Page 14  

Setting  5  Describe the setting, 

locations, and 

relevant dates, 

including periods of 

recruitment, 

exposure, follow-up, 

and data collection  

    Page 14  

Participants  6  (a) Cohort study - 

Give the eligibility 

criteria, and the 

sources and methods 

of selection of 

participants. 

Describe methods of 

follow-up  

Case-control study - 

Give the eligibility 

criteria, and the 

sources and methods 

of case 

ascertainment and 

control selection. 

Give the rationale 

for the choice of 

cases and controls  

Cross-sectional 

study - Give the 

eligibility criteria, 

and the sources and 

methods of selection 

of participants  

  

(b) Cohort study - 

For matched studies, 

give matching 

criteria and number 

of exposed and 

unexposed  

Case-control study - 

For matched studies, 

give matching 

  RECORD 6.1: The 

methods of study 

population selection 

(such as codes or 

algorithms used to 

identify subjects) 

should be listed in 

detail. If this is not 

possible, an 

explanation should be 

provided.   

  

RECORD 6.2: Any 

validation studies of 

the codes or 

algorithms used to 

select the population 

should be referenced. 

If validation was 

conducted for this 

study and not 

published elsewhere, 

detailed methods and 

results should be 

provided.  

  

RECORD 6.3: If the 

study involved linkage 

of databases, consider 

use of a flow diagram 

or other graphical 

display to demonstrate 

the data linkage 

process, including the 

Page 14-15  

  

  

  

  

  

  

 

 

 

 

 

Page 16-18  

  

  

  

  

  

  

  

 

 

 

 

 

 

N/A  
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criteria and the 

number of controls 

per case  

number of individuals 

with linked data at 

each stage.  

Variables  7  Clearly define all 

outcomes, 

exposures, 

predictors, potential 

confounders, and 

effect modifiers. 

Give diagnostic 

criteria, if 

applicable.  

  RECORD 7.1: A 

complete list of codes 

and algorithms used to 

classify exposures, 

outcomes, 

confounders, and 

effect modifiers 

should be provided. If 

these cannot be 

reported, an 

explanation should be 

provided.  

Page 16-18 

Data sources/ 

measurement  

8  For each variable of 

interest, give 

sources of data and 

details of methods 

of assessment 

(measurement).  

Describe 

comparability of 

assessment methods 

if there is more than 

one group  

    Page 16-18  

Bias  9  Describe any efforts 

to address potential 

sources of bias  

    Page 16, page 

18  

Study size  10  Explain how the 

study size was 

arrived at  

    Page 14-16 

Quantitative 

variables  

11  Explain how 

quantitative 

variables were 

handled in the 

analyses. If 

applicable, describe 

which groupings 

were chosen, and 

why  

    Page 16-18  

Statistical 

methods  

12  (a) Describe all 

statistical methods, 

including those used 

to control for 

confounding  

     (a) Page 19  
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(b) Describe any 

methods used to 

examine subgroups 

and interactions  

(c) Explain how 

missing data were 

addressed  

(d) Cohort study - If 

applicable, explain 

how loss to follow-

up was addressed  

Case-control study - 

If applicable, 

explain how 

matching of cases 

and controls was 

addressed  

Cross-sectional 

study - If applicable, 

describe analytical 

methods taking 

account of sampling 

strategy  

(e) Describe any 

sensitivity analyses  

(b) Page 19  

 

 

 

(c) Page 16, 

page 21 

 

(d) Page 14-

16  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e) Page 19 

Data access and 

cleaning 

methods  

  ..    RECORD 12.1: 

Authors should 

describe the extent to 

which the 

investigators had 

access to the database 

population used to 

create the study 

population.  

  

RECORD 12.2: 

Authors should 

provide information 

on the data cleaning 

methods used in the 

study.  

Page 16  

  

  

  

  

  

 

 

 

 

Page 16-18  

Linkage    ..    RECORD 12.3: State 

whether the study 

included person-level, 

institutional-level, or 

other data linkage 

Page 14  
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across two or more 

databases. The 

methods of linkage 

and methods of 

linkage quality 

evaluation should be 

provided.  

Results  

Participants  13  (a) Report the 

numbers of 

individuals at each 

stage of the study 

(e.g., numbers 

potentially eligible, 

examined for 

eligibility, 

confirmed eligible, 

included in the 

study, completing 

follow-up, and 

analysed)  

(b) Give reasons for 

non-participation at 

each stage.  

(c) Consider use of a 

flow diagram  

  RECORD 13.1: 

Describe in detail the 

selection of the 

persons included in 

the study (i.e., study 

population selection) 

including filtering 

based on data quality, 

data availability and 

linkage. The selection 

of included persons 

can be described in the 

text and/or by means 

of the study flow 

diagram.  

Page 15, Page 

20 

Descriptive data  14  (a) Give 

characteristics of 

study participants 

(e.g., demographic, 

clinical, social) and 

information on 

exposures and 

potential 

confounders  

(b) Indicate the 

number of 

participants with 

missing data for 

each variable of 

interest  

(c) Cohort study - 

summarise follow-

up time (e.g., 

average and total 

amount)  

    (a) Page 21-

22  

 

 

 

 

 

 

 

(b) Page 21  

 

 

 

 

 

(c) N/A  
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Outcome data  15  Cohort study - 

Report numbers of 

outcome events or 

summary measures 

over time  

Case-control study - 

Report numbers in 

each exposure 

category, or 

summary measures 

of exposure  

Cross-sectional 

study - Report 

numbers of outcome 

events or summary 

measures  

    Page 21-22 

Main results  16  (a) Give unadjusted 

estimates and, if 

applicable, 

confounder-adjusted 

estimates and their 

precision (e.g., 95% 

confidence interval). 

Make clear which 

confounders were 

adjusted for and 

why they were 

included  

(b) Report category 

boundaries when 

continuous variables 

were categorized  

(c) If relevant, 

consider translating 

estimates of relative 

risk into absolute 

risk for a 

meaningful time 

period  

    (a) Page 30-

32 

 

 

 

 

 

(b) Page 32 

 

 

(c) N/A 

 

Other analyses  17  Report other 

analyses done—e.g., 

analyses of 

subgroups and 

interactions, and 

sensitivity analyses  

    Page 34  

Discussion  
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Key results  18  Summarise key 

results with 

reference to study 

objectives  

    Page 35  

Limitations  19  Discuss limitations 

of the study, taking 

into account sources 

of potential bias or 

imprecision. Discuss 

both direction and 

magnitude of any 

potential bias  

  RECORD 19.1: 

Discuss the 

implications of using 

data that were not 

created or collected to 

answer the specific 

research question(s). 

Include discussion of 

misclassification bias, 

unmeasured 

confounding, missing 

data, and changing 

eligibility over time, 

as they pertain to the 

study being reported.  

Page 36-37  

Interpretation  20  Give a cautious 

overall 

interpretation of 

results considering 

objectives, 

limitations, 

multiplicity of 

analyses, results 

from similar studies, 

and other relevant 

evidence  

    Page 35-37  

Generalisability  21  Discuss the 

generalisability 

(external validity) of 

the study results  

    Page 36-37  

Other Information  

Funding  22  Give the source of 

funding and the role 

of the funders for 

the present study 

and, if applicable, 

for the original 

study on which the 

present article is 

based  

    N/A  

Accessibility of 

protocol, raw 

  ..    RECORD 22.1: 

Authors should 

Page 16-19  
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data, and 

programming 

code  

provide information 

on how to access any 

supplemental 

information such as 

the study protocol, 

raw data, or 

programming code.  

  

*Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen 

HT, von Elm E, Langan SM, the RECORD Working Committee.  The REporting of studies 

Conducted using Observational Routinely-collected health Data (RECORD) Statement.  PLoS 

Medicine 2015; in press.  

  

*Checklist is protected under Creative Commons Attribution (CC BY) license.  

 

http://creativecommons.org/licenses/by/4.0/
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Appendix 4: Exclusion from Health and Disability Ethics Committees approval 
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Appendix 5: Canterbury District Health Board locality authorisation form and approval 
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Appendix 6: Research consultation with Te Komiti Whakarite (CDHB) 
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Appendix 7: Research consultation with Māori (Ngāi Tahu Consultation and Engagement)  
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Appendix 8: Manuscript submission to Community Dentistry and Oral Epidemiology
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