
 1 

 

 

Malocclusions – from infancy to adulthood. What is the 

influence of infant behaviours on their occurrence and 

what are the long-term outcomes of orthodontic 

treatment? 

 

Esma J. Doğramacı 
 

 

This thesis is submitted for the degree of  

Doctor of Philosophy in Dentistry at The University of Adelaide. 

 

10 November 2020 

 

 

Australian Research Centre for Population Oral Health 

Adelaide Dental School 

The University of Adelaide  



 2 

  



 3 

DEDICATION 

My mother, Ibtisam Doğramacı, who always believed in me and prayed for me, and for 

constantly encouraging me to pursue my dreams. 

 

My husband, Professor Giampiero Rossi-Fedele, who suggested I complete a PhD as, 

“Any serious academic must have a PhD”, and gave sincere feedback throughout. 

 

My children, Dora and Basil, currently in the middle and early mixed-dentition, 

respectively. For a great part of your lives I have been working on this PhD that has also 

been part of your learning journey, since you often share your observations and insights 

about the dental presentations and oral habits of your peers. Dora, you taught me the 

importance of having a growth mindset; I particularly valued this during all the statistical 

analyses. Basil, your comment a couple of years ago, “How can a baby have crooked 

teeth from sucking a dummy if they are born without teeth?” showed me your deep 

reflection. Keep up your open and growth mindset. Never stop reading or learning! 

 

My late grandfather, Professor Adil Doğramacı, Professor of Internal Medicine - University 

of Baghdad, who inspired me when I was 10-years-old to follow an academic career path. 

My late uncle, Professor Ihsan Doğramacı, Professor of Paediatrics, signatory of the 

World Health Organization (WHO) constitution, former chair of the executive board - 

UNICEF, former president and executive director - International Pediatric Association, 

higher education reformer, founder of Hacettepe and Bilkent Universities, and 

philanthropist, who supported me in many ways during my sabbatical and thereafter, and 

who was the perfect example that you can achieve anything that you set your mind to.  



 4 

PREFACE 

Prior to commencing on this PhD learning journey, I was asked by a parent, who knew I 

was an orthodontist, whether breastfeeding prevents “crooked teeth” (malocclusions). I 

found this question puzzling. At the time, I had recently qualified as a specialist in 

orthodontics and was also a mother to two very young children both under the age of five; 

one was continuing breastfeeding after having been introduced to a solid diet a couple of 

months earlier, while the other had completed breastfeeding, both fed according to the 

World Health Organization’s Global Strategy for Infant and Young Child Feeding (2003).1  

 

During my specialist orthodontic studies, I learned that malocclusions have multifactorial 

aetiology, there being genetic and environmental determinants. Moreover, rather than 

malocclusions being a single homogenous trait, they can present as single or multiple 

entities with skeletal, soft tissue, and/or dentoalveolar components. Modern, 

comprehensive orthodontic treatment aims to resolve multiple malocclusion features 

simultaneously. How can the prescription of breastfeeding avert future orthodontic 

treatment? I wondered whether such benefits of breastfeeding were limited to infants and 

young children, in spite of earlier work including adult participants. Despite the well-known 

merits of breastfeeding for mothers and children, mothers may not want to or are 

physically unable to. Breastfeeding is impossible for mothers with double mastectomies 

while those working distant to their child find it difficult to nurse optimally. Breastfeeding 

is also a matter of choice, “mothers [have] a right to choose whether or not they want to 

breast-feed;...provided [they are] properly informed about the facts.”2 These were the 

initial ideas that motivated me to pursue further research, through a PhD. 

 

 
1 Global Strategy for Infant and Young Child Feeding. Geneva, Switzerland: World Health Organization; 2003. 
2 Doğramacı I. Thirty-fourth World Health Assembly, Geneva, 4-22 May 1981: summary records of committees. Geneva, 
Switzerland: World Health Organization; 1981:194. 
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As a result of the research I conducted during this PhD, I increased my understanding 

about malocclusions, their causes and consequences, as well as the longer-term dental 

and psychological outcomes in relation to orthodontic treatment, or its absence.  

 

The research is presented as a thesis by publication, comprising one research protocol 

and six research articles, all published in peer-reviewed journals. Each article is preceded 

by a contextual statement.  

 

My hope for this research is to benefit not only academia, but also have a positive impact 

on society through attitudinal changes towards oral habits and orthodontic treatment, as 

well as by influencing public health and dental policies.  
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ABSTRACT 

Malocclusions, defined as deviations in the intra- and/or inter-maxillary relationships of 

teeth from normal, can hamper the attainment of oral health if they adversely impact on 

physiological functions such as speech and mastication, or psychologically linked 

capabilities like smiling. Malocclusions have multifactorial aetiology; one’s phenotype is 

a result of their genotype’s interaction with the environment. While genetic factors 

presently cannot be altered, environmental factors such as nutritive or non-nutritive 

habits, are modifiable. Where malocclusions can be prevented from developing, this 

should be promoted as orthodontic treatment presents economic consequences, 

amongst others, for the individual, their carer/families, health service providers and the 

broader population. If a decision is made between the dental healthcare practitioner and 

the patient (or carers/parents) to treat malocclusions, this may be relatively short in 

duration and limited to intercepting a few features during the mixed dentition, or longer 

and comprehensive, dealing with multiple features simultaneously in the secondary 

dentition. Although patients may have certain expectations, these need to be carefully 

moderated, particularly if they seem unreasonable or unattainable, by relying on the best-

available evidence during the process of informed consent. Orthodontic treatment, like 

any medical or surgical intervention, carries benefits, risks and limitations.   

 

The overarching aims of this research were twofold: 1. To examine the association of 

environmental factors during infancy and childhood on the development of malocclusions, 

and, 2. To discern the long-term outcomes, in adulthood, of orthodontic treatment. These 

aims were achieved through the following objectives: 1. To assess the quality of 

information available on the Internet to the lay public concerning breastfeeding and 

malocclusions, 2. To produce estimates of the risk of malocclusion development 

associated with non-nutritive sucking behaviours and sub-optimal breastfeeding, 3. To 

determine whether any long-term differences exist in the level of dental caries experience, 
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psychosocial outcomes, dental knowledge and dental behaviour between adults based 

upon receipt of fixed orthodontic treatment. 

 

One research protocol and six original research articles addressed these objectives. A 

dynamic cross-sectional analysis of Internet content gauged the quality of information 

targeting the lay public about breastfeeding and malocclusions. The Joanna Briggs 

Institute methodology for conducting systematic reviews of association (etiology) was 

used to synthesise evidence and generate estimates of effect for the association of non-

nutritive sucking behaviours and breastfeeding on the development of different 

malocclusion features in the primary and mixed dentitions. Statistical analyses including 

modelling were applied to data from the Oral Health of Adults Entering their Fourth 

Decade study, a population-based prospective, observational investigation that followed 

children (aged 13 years) in South Australia in 1988-89 to early adulthood (aged 30 years) 

in 2005-06. 

 

Internet information on breastfeeding and malocclusions was of moderate quality, with 

supportive references ranging between moderate and very low-level evidence. Although 

children who breastfed sub-optimally had increased risk of developing malocclusions, the 

risk from non-nutritive sucking behaviours was greater. Orthodontically treated 

participants had slightly better dental knowledge, though no difference existed in dental 

behaviours, dental health or psychosocial outcomes, regardless of initial malocclusion, 

based upon previous receipt of orthodontic treatment.  
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RESEARCH PUBLICATION 1 

 

Breastfeeding and malocclusions: The quality and level of evidence 

on the Internet for the public. 

 

Doğramacı EJ, Peres MA, Peres KG.  

Journal of the American Dental Association. 2016;147(10):817-825. 

DOI: 10.1016/j.adaj.2016.04.018   PMID: 27353080 

 

Contextual statement 

Breastfeeding has been reported as preventing the development of malocclusions in the 

deciduous dentition.3 Presently, such research outcomes may be used by different 

organisations to support and promote their work. This is often achieved through the 

Internet as it is a medium that can be easily accessed and interacted with using different 

types of devices for private and professional purposes. Accessibility and the possibility of 

using the Internet almost anonymously are some of the reasons why the Internet is often 

used by the lay public and patients to obtain or verify consumer health information. A 

seminal study in Missouri, United States, found that the lay public prefer Bing above other 

search engines for its usefulness, followed by Yahoo!, Google, and Ask.com.4 Most 

individuals explore the first few websites retrieved; just over 50% look at the second or 

following pages of a search and nearly a third click on a website displayed on one of these 

pages.4,5 However, the lay public and patients may not always be able to discriminate 

between good quality information and spurious claims, or be aware if information is 

 
3 Peres KG, Cascaes AM, Peres MA, Demarco FF, Santos IS, Matijasevich A, Barros AJD. Exclusive breastfeeding and risk of 
dental malocclusion. Pediatrics. 2015; 136: e60-e67. 
4 Wang L, Wang J, Wang M, Li Y, Liang Y, Xu D. Using Internet search engines to obtain medical information: a comparative study. 
J Med Internet Res. 2012: 14; e74. 
5 Eysenbach G, Köhler C. How do consumers search for and appraise health information on the world wide web? Qualitative study 
using focus groups, usability tests, and in-depth interviews. Br Med J. 2002; 324: 573-577. 
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incorrect, biased or out-of-date. They may infer that health information available online 

can be trusted as the Internet is taken as an “authoritative source”;6 this belief is further 

influenced by websites having a professional looking layout and appearance, avoidance 

of medical jargon, details about the source of information, and presence of a “quality seal”; 

that the content has been checked and approved by a third party.4 

 

Search engine rankings currently rely on a mixture of algorithms, search engine 

optimisation, linked-content, payments for promotion and advertisements. This means 

that highly ranked websites that the lay public may identify and click on are likely to be 

the more popular ones but not necessarily the most factual.7 Reliance on content that is 

inaccurate or false can lead to the development and perpetuation of myths, which could 

have dangerous consequences. Although the public are lately being encouraged to fact-

check content that might appear to be overstated, this is yet to be taken up broadly within 

the general population.8  

 

In a clinical setting, it is important for a clinician to be aware and up-to-date about the 

highest-level scientific evidence in their field of work. Although academic peer-reviewed 

research often helps to synthesise vast information into manageable portions, notably 

through systematic review articles, there is no similar process for analysing trending 

health topics on the Internet, which patients may question a clinician about in practice. 

 

The aim of this study was to assess the quality of information on websites identified on 

the Internet that target the lay public about the relationship between breastfeeding and 

malocclusions, and to determine the level of evidence of any scientific articles cited in the 

 
6 Allam A, Schulz PJ, Nakamoto K. The impact of search engine selection and sorting criteria on vaccination beliefs and attitudes: 
two experiments manipulating Google output. J Med Internet Res. 2014: 16; e100. 
7 Hodson H. Google wants to rank websites based on facts not links. NewScientist. Published 25 February 2015. Available at: 
https://www.newscientist.com/article/mg22530102-600-google-wants-to-rank-websites-based-on-facts-not-
links/?ignored=irrelevant#.VPR2DvnF98H  
8 Brandtzaeg PB, Følstad A, Chaparro Dominguez MA. How journalists and social media users perceive online fact-checking and 
verification services. Journalism Practice. 2018; 12: 1109-1129. 
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identified websites; a topic that had not previously been investigated. This research was 

performed as a dynamic cross-sectional study using a blend of previously published 

methodologies. 

 

Key findings 

1. There is scant Internet content targeting the lay public regarding breastfeeding and 

malocclusions. 

2. The content identified had an overall moderate level of quality. 

3. Few websites cited peer-reviewed literature to support their content. Those that 

did relied on moderate to very low-level evidence. 

 

Implications 

1. There is limited knowledge translation of research into the relationship of 

breastfeeding and malocclusions to the lay public via the Internet; wider 

engagement by professionals, possibly with the media, may improve this. 

2. Publication of high-quality systematic reviews and meta-analyses can address 

high-level gaps in the hierarchy of evidence about environmental components of 

malocclusions, thus producing higher-level evidence that websites could cite in lieu 

of the lower-level evidence observed on some of the identified websites. 

3. It was postulated that the reported protection that breastfeeding might be affording 

against malocclusions was actually a result of this feeding method preventing the 

acquisition of deleterious oral habits such as pacifier or digit sucking, otherwise 

known as non-nutritive sucking behaviours (NNSBs). It was thereafter decided to 

explore the association of NNSB and breastfeeding on malocclusions through 

systematic reviews. 
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RESEARCH PUBLICATION 2 

 

Establishing the association between non-nutritive sucking behaviour 

and malocclusions: A systematic review and meta-analysis. 

 

Doğramacı EJ, Rossi-Fedele G.  

Journal of the American Dental Association. 2016;147(12):926-934. 

DOI: 10.1016/j.adaj.2016.08.018   PMID: 27692622 

 

Contextual statement 

NNSBs are a type of comfort habit that can bring about sensations of security and 

calmness.9 Additionally, their use is effective in acutely painful procedures in pre-term 

infants, neonates and older infants,10 while pacifier use reduces the incidence of sudden 

infant death syndrome.11 Harmful effects of NNSBs, specifically pacifiers, include their 

association with otitis media and a shorter duration of breastfeeding.11,12 While 

acknowledging the multifactorial aetiology of malocclusions, NNSBs have been linked 

with a multitude of malocclusion features that include posterior crossbite, increased 

overjet, anterior open bite, reduced overbite and Class II buccal 

 
9 Newson J, Newson E, Mahalski PA. Persistent infant comfort habits and their sequelae at 11 and 16 years. J Child Psychol 
Psychiatry. 1982; 23: 421-436. 
10 Pillai Riddell RR, Racine NM, Gennis HG, Turcotte K, Uman LS, Horton RE, Ahola Kohut S, Hillgrove Stuart J, Stevens B, Lissi 
DM. Non-pharmacological management of infant and young child procedural pain. Cochrane Database Syst Rev. 2015: CD006275. 
11 Callaghan A, Kendall G, Lock C, Mahony A, Payne J, Verrier L. Association between pacifier use and breast-feeding, sudden 
infant death syndrome, infection and dental malocclusion. Int J Evid Based Healthc. 2005; 3: 147-167. 
12 Karabulut E, Yalçin SS, Özdemir-Geyik P. Karaağaoğlu E. Effect of pacifier use on exclusive and any breastfeeding: a meta-
analysis. Turk J Pediatr. 2009; 51: 35-43. 
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relationships.13,14,15,16,17,18,19,20,21,22,23,24 Despite there being an immense body of literature 

inferring a causal relationship, a literature search was unable to identify any systematic 

review or meta-analysis on this topic.  

 

The aim of this study was to assess the association between NNSB and malocclusions, 

through a systematic review and meta-analysis. The methodology developed by The 

Joanna Briggs Institute (JBI), which is based at The University of Adelaide, was adopted 

as it provides a “broader definition of what constitutes research evidence for practice”25 

and is not restricted to considering only a specific type of study design as a source of 

evidence. Furthermore, this approach also supports limiting inclusion of component 

studies only to those determined as having high methodological quality. 

 

By identifying the strength of the relationship of different types of NNSB on malocclusions, 

the results could be compared with the results of the next study that was also a systematic 

review and meta-analysis, on breastfeeding and malocclusions. Furthermore, the results 

of this study would also help provide clinically translatable findings, useful when 

 
13 Bowden BD. The effects of digital and dummy sucking on arch widths, overbite, and overjet: a longitudinal study. Aust Dent J. 
1966; 11: 396-404. 
14 Bowden BD. A longitudinal study of the effects of digit- and dummy-sucking. Am J Orthod. 1966; 52: 887-901.  
15 Baalack I, Frisk A. Finger-sucking in children a study of incidence and occlusal conditions. Acta Odont Scand 1971; 29: 499-512.  
16 Melsen B, Stensgaard K, Pedersen J. Sucking habits and their influence on swallowing pattern and prevalence of malocclusion. 
Eur J Orthod. 1979; 1: 271-280.  
17 Øgaard B, Larsson E, Lindsten R. The effects of sucking habits, cohort, sex, intercanine arch widths, and breast or bottle feeding 
on posterior crossbite in Norwegian and Swedish 3-year-old children. Am J Orthod Dentofac Orthop. 1994; 106: 161-166. 
18 Farsi NMA, Salama FS. Sucking habits in Saudi children prevalence, contributing factors and effects on the primary dentition. 
Pediatric Dent. 1997; 19: 28-33. 
19 Warren JJ, Bishara SE. Duration of nutritive and nonnutritive sucking behaviors and their effects on the dental arches in the 
primary dentition. Am J Orthod Dentofacial Orthop. 2002; 121: 347-356. 
20 Bishara SE, Warren JJ, Proffit B, Levy SM. Changes in the prevalence of nonnutritive sucking patterns in the first 8 years of life. 
Am J Orthod Dentofacial Orthop. 2006; 130: 31-36. 
21 Vázquez-Nava F, Quezada-Castillo JA, Oviedo-Treviño S, Saldivar-González AH, Sánchez-Nuncio HR, Beltrán-Guzmán FJ, 
Vázquez-Rodríguez EM, Vázquez Rodríguez CF. Association between allergic rhinitis, bottle feeding, non-nutritive sucking habits, 
and malocclusion in the primary dentition. Arch Dis Child. 2006; 91: 836-840.  
22 Duncan K, McNamara C, Ireland AJ, Sandy JR. Sucking habits in childhood and the effects on the primary dentition: findings of 
the Avon longitudinal study of pregnancy and childhood. Int J Paed Dent. 2008; 18: 178-188. 
23 Ovensik M. Incorrect orofacial functions until 5 years of age and their association with posterior crossbite. Am J Orthod 
Dentofacial Orthop. 2009; 136: 375-381. 
24 Mistry P, Moles DR, O’Neill J, Noar J. The occlusal effect of digit sucking habits amongst school children in Northamptonshire 
(UK). J Orthod. 2010; 37: 87-92. 
25 The Joanna Briggs Institute. The University of Adelaide, School of Translational Health Science. The Joanna Briggs Institute 
Levels of Evidence and Grades of recommendation Working Party. Supporting Document for the Joanna Briggs Institute Levels of 
Evidence and Grade of Recommendation. 2014.  
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counselling patients (or their parents/carers) about the causes of malocclusions and the 

steps that can be taken to avoid them. 

 

Key findings 

1. Increased overjet was more likely to develop in digit rather than pacifier suckers. 

2. Pacifier sucking was strongly associated with a posterior crossbite in the primary 

dentition, with all results having statistical significance, and one meta-analysis 

(pacifier versus digit sucking) having nil heterogeneity.  

3. Anterior open bite was associated with any type of NNSB. 

 

Implications 

1. This study now provides the highest level of evidence into the association of NNSB 

and malocclusions, with a focus on the primary and mixed dentitions, which did 

not previously exist. 

2. Although component studies of only high methodological quality were included, the 

meta-analyses had moderate to high-level heterogeneity. Nonetheless, the overall 

direction of effect of most of the meta-analyses clearly indicates the higher risk of 

malocclusion in those who perform NNSBs. Heterogeneity is likely the result of 

across-study differences related to participant characteristics, clinical definitions, 

and classification of outcome measures. Future research studies would benefit by 

allocating study participants to exposure-specific groups, adopting uniform, 

standard and widely accepted definitions and classifications, and collecting and 

reporting data on core outcome measures.26  

3. Overjet had a highly variable definition across studies, which might be relevant 

when assessing risk for dental trauma. Consequently, a study separate to the body 

 
26 Tsichlaki A, O’Brien K, Johal A, Marshman Z, Benson P, Colonio Salazar FB, Fleming PS. Development of a core outcome set for 
orthodontic trials using a mixed-methods approach: protocol for a multicentre study. Trials. 2017; 18: 366. 
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of work in this PhD was conducted to investigate the threshold at which an overjet 

could be considered increased and at risk of experiencing traumatic dental injury.27  

  

 
27 Arraj GP, Rossi-Fedele G, Doğramacı EJ. The association of overjet size and traumatic dental injuries – a systematic review and 
meta-analysis. Dent Traumatol. 2019; 35: 217-232. 
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Contextual statement 

The next systematic review and meta-analysis focussed on the association of 

breastfeeding and malocclusions, despite a systematic review having been published at 

the time of conceptualisation of the idea for this study.28 There are, however, important 

limitations of heterogeneity that are clearly observed in that study, which restrict 

generalisability of its findings. These are: 1. All malocclusions were pooled into a single 

generic group labelled “non-specific malocclusion”, thus treating all types of 

malocclusions as a single entity. From a clinical standpoint, this has a very narrow scope 

for translation. Clinicians, specifically dentists and orthodontists, distinguish the nature of 

malocclusions in a patient, identifying all the different features present, as well as the 

severity of each component, since not all malocclusion features have equal severity or 

need for treatment.29 Furthermore, such distinction also helps in one’s understanding of 

the aetiology of the clinical presentation within each dentition stage so that appropriate 

treatment or management strategies can be devised, based on the clinical diagnosis. 2. 

All study participants, regardless of age or dentition, were pooled into the same meta-

 
28 Peres KG, Cascaes AM, Nascimento CG, Victora CG. Effect of breastfeeding on malocclusions: a systematic review and meta-
analysis. Acta Pediatr. 2015; 104: 54-61. 
29 Brook PH, Shaw WC. The development of an index of orthodontic treatment priority. Eur J Orthod. 1989; 11: 309-320. 
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analyses. This is a type of selection bias and is problematic since heterogeneity of 

participant characteristics and study methodology can produce imprecise estimates of 

effect or may misrepresent the true effect size. Furthermore, results drawn from 

participants with dissimilar characteristics cannot be clinically translated, indiscriminately, 

to every patient. This would be erroneous.  

 

Fewer than 50% of children breastfeed up to the age of two years,30 and the primary 

dentition is only fully established by the age of three years,31 therefore, any effects on 

occlusal development could be expected to be observed only for the period that 

breastfeeding occurs. In other words, young children in the primary dentition are closer 

to the period in life where they may have been exposed to breastfeeding, therefore any 

malocclusions as a result of sub-optimal breastfeeding are more likely to be 

distinguishable in the primary dentition compared to the mixed or secondary dentitions. 

With increasing age, the effect of genetics (e.g. hypodontia, canine impaction) or other 

environmental factors (e.g. trauma, dental caries) can exert an adverse effect on normal 

dental development. Consequently, strict delineation of malocclusion aetiology, 

particularly between different environmental factors, can become difficult. Hence, it was 

felt that in order to understand the association of breastfeeding on malocclusion 

development, a systematic review focussed solely on the primary dentition, and 

investigating different exposures of breastfeeding and its association with specific types 

of malocclusions, would provide a more accurate estimate of effect. 

 

Although the rationale for conducting this systematic review was compelling, it was 

decided that it would be favourable to have the study protocol reviewed by the JBI whose 

methodology was also chosen for this study. This would ensure that the proposed 

 
30 UNICEF. UNICEF Data: Monitoring the situation of Children and Women. Infant and young child feeding. Available at: 
http://data.unicef.org/nutrition/iycf.html  
31 Berkovitz BK, Holland GR, Moxham BL. Color atlas and textbook of oral Anatomy, Histology and Embryology. 2nd ed. St Louis: 
MO: Mosby; 1992. 
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methodology was feasible and acceptable by them, a priori. Also, having external 

validation by the JBI through publication in their journal would give strength to the 

methodological process followed, which would help allay any doubts about the research 

question, methodology or interpretation of results during the peer-review process for 

publication or beyond.  

 

The title of the systematic review was registered a priori, and the protocol submitted for 

peer review in July 2016. It was accepted for publication in November 2016. 
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RESEARCH PUBLICATION 4 

 

Malocclusions in young children: Does breastfeeding really reduce 

the risk? A systematic review and meta-analysis. 

 

Doğramacı EJ, Rossi-Fedele G, Dreyer CW.  

J Am Dent Assoc. 2017;148(8):566-574. 

DOI: 10.1016/j.adaj.2017.05.018   PMID: 28754184  

 

Contextual statement 

After the protocol was approved by the JBI, work commenced on the systematic review 

and meta-analysis. 

 

Key findings 

1. Adoption of a strict methodological approach produced results with a narrow 

confidence interval, with most meta-analyses having nil heterogeneity and 

statistical significance. This was achieved by only including and analysing studies 

of high methodological quality, focussing on a defined population, and examining 

specific types of breastfeeding exposures against different malocclusion features.  

2. Children who breastfed sub-optimally had a higher risk ratio for developing 

malocclusions compared with children who breastfed optimally. 

3. Children who did not breastfeed or who experienced only a short duration of 

breastfeeding had a strong and significantly increased risk for developing an 

anterior open bite. 
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4. Children who breastfed for a short duration had a very strong and significantly 

increased risk for developing a Class II canine relationship. 

5. Children who did not breastfeed exclusively were at increased risk for developing 

a posterior crossbite. 

 

Implications 

1. The estimates of effect are the strongest and most precise recorded from any study 

to date investigating the association of breastfeeding and malocclusions in the 

primary dentition. 

2. Malocclusions may still occur in children who breastfeed optimally, however, their 

risk level appears to be lower compared to children who breastfeed sub-optimally. 

This is not equivalent to optimal breastfeeding decreasing the risk of developing 

malocclusions. Rather, the higher risk in sub-optimally breastfed children is likely 

the result of different environmental factors causing malocclusions when 

breastfeeding is not occurring optimally or has ceased. 

3. Pacifier use is associated with shorter breastfeeding duration,32 including shorter 

duration in exclusivity of breastfeeding.33 Parents or carers of young infants may 

introduce pacifiers to infants for a wide variety of reasons, with most being 

ingrained in the wider social environment of the mother/carer.34 These include the 

belief that its use is normal, it is a social status symbol, and that it can promote 

growth during weaning when dipped in food that the infant is encouraged to 

consume.34 It is also used for soothing (i.e. pacifying) upset and crying infants, and 

can be used as a sucking substitute for the infant when a mother is in discomfort 

from breastfeeding.34 If such reasons are viewed as necessary and important for 

 
32 Karabulut E, Yalçin SS, Özdemir-Geyik P. Karaağaoğlu E. Effect of pacifier use on exclusive and any breastfeeding: a meta-
analysis. Turk J Pediatr. 2009; 51: 35-43. 
33 Buccini GDS, Pérez-Escamilla R, Paulino LM, Araújo CL, Venancio SI. Pacifier use and interruption of exclusive breastfeeding: 
systematic review and meta-analysis. Matern Child Nutr. 2017; 13: e12384. 
34 Victora CG, Behague DP, Barros FC, Olinto MTA, Weiderpass E. Pacifier use and short breastfeeding duration: Cause, 
consequence, or coincidence? Pediatrics. 1997: 99: 445-453. 



 65 

persisting with pacifier use, compared to the benefits an infant could gain from 

optimal breastfeeding, it is not unreasonable to expect that pacifier use would 

continue unabated. Against this background, there is evidence that pacifiers, a 

type of NNSB, have a causal relationship with certain specific malocclusion 

features in the primary dentition.35 Although breastfeeding is purported to decrease 

the risk of developing malocclusions, causality of this relationship is yet to be fully 

established. Owing to the similarity of the inclusion criteria, setting and methods of 

the component studies in both systematic reviews,35,36 there is the possibility that 

performing a network meta-analysis could improve our understanding of the 

connectivity of NNSBs and breastfeeding with malocclusions, by providing further 

and more precise estimates, beyond the pairwise analyses performed thus far.  

4. Future studies examining malocclusions could benefit by collecting data on core 

outcomes,37 and allocating participants to exposure-specific groups. This could 

help reduce heterogeneity amongst component studies and also enable studies to 

be considered eligible in future systematic reviews, on account of having collected 

the minimum required data. However, it is important to acknowledge that 

component studies are often sub-studies of larger parent epidemiological 

population health studies, thus it is not always possible to collect comprehensive 

data about oral habits, malocclusions or their treatment, or clinical outcomes. 

  

 
35 Doğramacı EJ, Rossi-Fedele G. Establishing the association between non-nutritive sucking behaviour and malocclusions: A 
systematic review and meta-analysis. J Am Dent Assoc. 2016; 147: 926-934. 
36 Doğramacı EJ, Rossi-Fedele G, Dreyer CW. Malocclusions in young children. Does breastfeeding really reduce the risk? A 
systematic review and meta-analysis. J Am Dent Assoc. 2017: 148: 566-574. 
37 Tsichlaki A, O’Brien K, Johal A, Marshman Z, Benson P, Colonio Salazar FB, Fleming PS. Development of a core outcome set for 
orthodontic trials using a mixed-methods approach: protocol for a multicentre study. Trials. 2017; 18: 366 
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RESEARCH PUBLICATION 5 

 

The influence of orthodontic treatment on dental caries:  

An Australian cohort study. 

 

Doğramacı EJ, Brennan DS.  

Community Dent Oral Epidemiol. 2019;47(3):210-216. 

DOI: 10.1111/cdoe.12446   PMID: 30656705  

 

Contextual statement 

Having established the size of the association of modifiable environmental factors with 

malocclusions and the quality of Internet content translated from similar research to the 

lay public, the next part of the PhD turned to examining the longer-term consequences of 

untreated and treated malocclusions. The next three studies used data acquired from a 

prospective (longitudinal) study titled Oral Health of Adults Entering their Fourth Decade. 

This was a population oral health study that collected baseline data about the cohort 

participants residing in metropolitan Adelaide and regional centres of South Australia in 

1988-1989 when participants were aged 13 years. A subsequent assessment, limited to 

participants from the original cohort residing in metropolitan Adelaide, who were then 30 

years old, was undertaken in 2005-2006. Baseline data included malocclusion, assessed 

using the Dental Aesthetic Index (DAI).38 Aside from socio-demographic details, data 

collected in the follow-up study included oral health, psychosocial outcomes, dental 

knowledge and behaviours, and receipt of orthodontic treatment. The Australian 

Research Centre for Population Oral Health (ARCPOH), based in the Adelaide Dental 

School at The University of Adelaide, coordinated the study and collected the data.  

 
38 Cons NC, Jenny J, Kohout FJ. DAI: The Dental Aesthetic Index. Iowa City, IA: College of Dentistry. The University of Iowa. 1986. 
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Adelaide is a southern coastal city and the state capital of South Australia, which is the 

fourth largest and driest of all states and territories of Australia.39 Adelaide has a 

population of 1,359,760,40 which is more than three-quarters of the state population.41 

The median annual personal income in South Australia in the financial year ending on 30 

June 2013, excluding government pensions and allowances, was AUD$43,472,42 with 

national census data from 2011 recording over 40% of people in South Australia holding 

a post-secondary qualification.42 

 

Some of the pertinent outcomes associated with some malocclusion features include 

plaque retention,43 impaction root resorption,44 traumatic dental injury,45 and psychosocial 

impact.46,47,48 However, the chief concerns of patients seeking comprehensive fixed 

orthodontic treatment are mostly centred on improving dentofacial aesthetics,49,50,51,52 and 

dental health.53,54 Amongst the various expectations of orthodontic treatment is having 

fewer cavities later in life because of the belief that teeth will become easier to brush.55,56 

 
39 McCaskill M, Richards ES. South Australia. Encyclopaedia Britannica. 2020. Available at: 
https://www.britannica.com/place/South-Australia 
40 3218.0 Regional Population Growth, 2018-19. Australian Bureau of Statistics. Available at: 
https://www.abs.gov.au/AUSSTATS/abs@.nsf/mf/3218.0 
41 3.101.0 Australian Demographic Statistics, Sep 2019. Australian Bureau of Statistics. Available at: 
https://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/3101.0Main%20Features3Sep%202019?opendocument&tabname=Sum
mary&prodno=3101.0&issue=Sep%202019&num=&view= 
42 South Australia (STE) (4). Last updated March 2017. Australian Bureau of Statistics. Available at: 
https://itt.abs.gov.au/itt/r.jsp?RegionSummary&region=4&dataset=ABS_REGIONAL_ASGS&geoconcept=REGION&datasetASGS=
ABS_REGIONAL_ASGS 
43 Addy M, Griffiths GS, Dummer PMH, Kingdon A, Hicks R, Hunter ML, Newcombe G, Shaw WC. The association between tooth 
irregularity and plaque accumulation, gingivitis and caries in 11-12 year old children. Eur J Orthod. 1988; 10: 76-83. 
44 Doğramacı EJ, Sherriff M, Rossi-Fedele G, McDonald F. Location and severity of root resorption related to impacted maxillary 
canines: a cone beam computed tomography (CBCT) evaluation. Aust Orthod J. 2015; 31: 49-58. 
45 Arraj GP, Rossi-Fedele G, Doğramacı EJ. The association of overjet size and traumatic dental injuries – a systematic review and 
meta-analysis. Dent Traumatol. 2019; 35: 217-232. 
46 Shaw WC, Meek SC, Jones DS. Nicknames, teasing, harassment and the salience of dental features among school children. Br J 
Orthod. 1980; 7: 75-80. 
47 Shaw WC. Addy M. Ray C. Dental and social effects of malocclusion and effectiveness of orthodontic treatment: a review. 
Community Dent Oral Epidemiol. 1980; 8: 36-45. 
48 Seehra J, Fleming PS, Newton T, DiBiase AT. Bullying in orthodontic patients and its relationship to malocclusion, self esteem 
and oral health-related quality of life. J Orthod. 2011; 38: 247-256. 
49 Shaw WC. Factors influencing the desire for orthodontic treatment. Eur J Orthod. 1981; 3: 151-162. 
50 Tulloch JFC, Shaw WC, Underhill C, Smith A, Jones G, Jones M. A comparison of attitudes toward orthodontic treatment in British 
and American communities. Am J Orthod. 1984; 85: 253-259. 
51 Shaw WC, O’Brien KD, Richmond S. Quality control in orthodontics: factors influencing the receipt of orthodontic treatment. Br 
Dent J. 1991; 170: 66-68. 
52 Prabakaran R, Seymour S, Moles DR, Cunningham SJ. Motivation for orthodontic treatment investigated with Q methodology: 
patients’ and parents’ perspectives. Am J Orthod Dentofacial Orthop. 2012; 142: 213-220. 
53 Shaw WC. Addy M. Ray C. Dental and social effects of malocclusion and effectiveness of orthodontic treatment: a review. 
Community Dent Oral Epidemiol. 1980; 8: 36-45. 
54 Van Wezel NA, Bos A, Prahl C. Expectations of treatment and satisfaction with dentofacial appearance in patients applying for 
orthodontic treatment. Am J Orthod Dentofacial Orthop. 2015; 147: 698-703. 
55 Bennett ME, Michaels C, O’Brien K, Weyant R, Phillips C, Vig KD. Measuring beliefs about orthodontic treatment: a questionnaire 
approach. J Public Health Dent. 1997; 57: 215-223. 
56 Hunt O, Hepper P, Johnston C, Stevenson M, Burden D. Professional perceptions of the benefits of orthodontic treatment. Eur J 
Orthod. 2001; 23: 315-323. 
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Therefore, the aim of the first study using the observational data from the Oral Health of 

Adults Entering their Fourth Decade research was to assess the influence of fixed 

orthodontic treatment on dental caries experience in adulthood. The principal dependent 

variable was the summed decayed, missing and filled teeth (DMFT) score, as well as the 

individual DMFT components. Explanatory variables comprised socio-demographic 

variables (sex, income and education level), dental health behaviour (last dental visit, 

tooth brushing frequency), and the orthodontic variables of baseline DAI (DAI13) and 

receipt of fixed orthodontic treatment. Unadjusted and adjusted negative binomial 

regression models were used for data analysis. 

 

Research outcomes should be accessible to the lay public, particularly if such knowledge 

translation could increase knowledge and positively influence attitudes and subsequent 

health behaviours. The Internet and social media facilitate rapid communication in a 

virtual environment between users of diverse backgrounds who can be located anywhere 

in the world, compared to traditional means of communication. While a scientific 

publication in a journal targets a specific specialist audience, social media content are 

produced with a broader audience in mind,57 given that the Internet is the principal source 

of information that the lay public use for learning about science.58 Online videos are an 

interactive mode of communication, with YouTube, owned by Google, being the second 

most visited website in the world after Google.com.59 Popular video channels are those 

that have professionally generated content, use a regular communicator to deliver 

content, and host fast-paced videos.60 Therefore, a video abstract was commissioned 

from Research Square to help disseminate the study results. The screen captions were 

 
57 Bubela T, Nisbet MC, Borchelt R, Brunger F, Critchley C, Einsiedel E, Geller G, Gupta A, Hampel J, Hyde-Lay R, Jandciu EW, 
Jones SA, Kolopack P, Lane S, Lougheed T, Nerlich B, Ogbogu U, O’Riordan K, Ouellette C, Spear M, Strauss S, Thavaratnam T, 
Willemse L, Caufield T. Science communication reconsidered. Nat Biotechnol. 2009; 27: 514-518. 
58 National Science Board. (2012). Science and engineering indicators. Available at: https://wayback.archive-
it.org/5902/20150629005406/http://www.nsf.gov/statistics/seind12/pdf/c07.pdf 
59 Alexa. The top 500 sites on the web. Available at: https://www.alexa.com/topsites 
60 Welbourne DJ, Grant WJ. Science communication on YouTube: Factors that affect channel and video popularity. Public Underst 
Sci. 2016; 25: 706-718. 
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drafted in the initial proposal then edited in the draft video to increase their readability.61 

The video, lasting 1.28 minutes, was published on the following three video channels:  

• https://www.youtube.com/watch?v=73c9-QIgoH0 (17 January 2019) 

• https://vimeo.com/312030018    (21 February 2019) 

• https://www.researchsquare.com/article/rs-5817/v1 (20 September 2019) 

 

The University of Adelaide Media Team issued a press release for this publication, which 

was covered locally, nationally and internationally in traditional media and online.  

 

Key findings 

1. Caries experience in adulthood was not related to previous orthodontic treatment. 

Although orthodontically treated participants had lower mean DMFT scores, this 

did not reach statistical significance. 

2. A basic level of secondary education and brushing less than twice a day was 

associated with greater levels of decayed teeth. 

3. Females, lower income earners, those with a basic level of education and regular 

dental attenders had more missing teeth. 

4. Those who saw a dentist regularly had more filled and missing teeth.  

 

Implications 

1. As caries experience in adulthood is not determined by one’s past orthodontic 

treatment, prospective patients who hold dental health expectations as a motivator 

for seeking treatment should be informed that brushing at least twice a day and 

visiting a dentist regularly are better predictors of future caries experience. 

2. Communication through traditional and social media are effective ways to translate 

research knowledge to the general public.  

 
61 Flesch R. A new readability yardstick. J Appl Psychol. 1948; 32: 221-233. 
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Supplemental table 1:  
Sociodemographic and dental characteristics of participants examined at baseline and follow-up 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DAI: Dental Aesthetic Index; DMFT: Decayed, Missing, Filled Teeth; SE: standard error 
  

 Baseline 
n=3293 

Follow-up 
n=632 

P value 

Socio-demographic    
Participant sex     

% Female 48.5 55.7 <0.01 
    
Male parent    

% Australian-born 70.6 68.0 0.23 
Education level    

Primary 7.8 7.9  
Secondary 71.1 62.8  
Tertiary 21.1 29.4 <0.01 

Working in a job or business 90.5 93.4 0.03 
Occupation    

Manager/administrator 29.4 29.6  
Professional 11.7 15.5  
Para-professional 8.2 9.3  
Tradesperson 19.7 19.4  
Clerks 5.9 5.6  
Sales/personal services 5.4 4.4  
Plant/machine operators 11.3 8.9  
Labourers 8.5 7.3 0.23 

    
Female parent    

% Australian-born 74.3 76.1 0.53 
Education level    

Primary 4.7 4.3  
Secondary 79.4 75.3  
Tertiary 16.0 20.4 0.03 

Working in a job or business 61.0 62.8 0.32 
Occupation    

Manager/administrator 15.7 12.9  
Professional 11.6 11.1  
Para-professional 8.2 9.5  
Tradesperson 3.3 2.4  
Clerks 26.4 32.4  
Sales/personal services 16.8 16.8  
Plant/machine operators 4.0 2.6  
Labourers 13.9 12.4 0.22 

    
Household/family    

Covered by a health care card 32.3 26.6 <0.01 
Weekly income: over $500 42.7 49.4 0.05 

    
Dental variables    

Mean DAI score (SE) 28.1 (0.2) 28.0 (0.3) 0.36 
Mean DMFT score (SE) 2.1 (0.00) 2.0 (0.1) 0.90 
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The long-term influence of orthodontic treatment on adults’ 

psychosocial outcomes: An Australian cohort study. 

 

Doğramacı EJ, Brennan DS.  

Orthod Craniofac Res. 2019;22(4):312-320. 

DOI: 10.1111/ocr.12327   PMID: 31132228  

 

Contextual statement 

The presence of dentofacial characteristics that deviate from normal in prospective 

adolescent orthodontic patients is associated with increased incidence of bullying.62 This 

may be a reason for patients (or their parents/carers) to seek orthodontic treatment, 

whereas others may wish to secure general improvements in their overall psychosocial 

functioning,63,64,65 this view being supported by some general dental practitioners and 

orthodontists.66,67 However, positive short- and long-term effects are yet to be 

demonstrated following orthodontic treatment.68,69,70 Moreover, a prospective study was 

unable to show psychological disadvantage amongst adults who did not have orthodontic 

 
62 Seehra J, Fleming PS, Newton T, DiBiase AT. Bullying in orthodontic patients and its relationship to malocclusions, self-esteem 
and oral health-related quality of life. J Orthod. 2011; 38: 247-256. 
63 Tung AW, Kiyak HA. Psychological influences on the timing of orthodontic treatment. Am J Orthod Dentofacial Orthop. 1998; 113: 
29-39. 
64 Prabakaran R, Seymour S, Moles DR, Cunningham SJ. Motivation for orthodontic treatment investigated using Q-methodology: 
patients’ and parents’ perspectives. Am J Orthod Dentofacial Orthop. 2012; 142: 213-220. 
65 Van Wezel NA, Bos A, Prahl C. Expectations of treatment and satisfaction with dentofacial appearance in patients applying for 
orthodontic treatment. Am J Orthod Dentofacial Orthop. 2015; 147: 698-703. 
66 Bennett ME, Michaels C, O’Brien K, Weyant R, Phillips C, Vig KD. Measuring beliefs about orthodontic treatment: a questionnaire 
approach. J Public Health Dent. 1997; 57: 215-223. 
67 Hunt O, Hepper P, Johnston C, Stevenson M, Burden D. Professional perceptions of the benefits of orthodontic treatment. Eur J 
Orthod. 2001; 23: 315-323.  
68 Albino JEN, Lawrence SD, Tedesco LA. Psychological and social effects of orthodontic treatment. J Behavioral Med. 1994; 17: 
81-98.  
69 Kenealy PM, Kingdon A, Richmond S, Shaw WC. The Cardiff dental study: a 20-year critical evaluation of the psychological 
health gain from orthodontic treatment. Br J Health Psychol. 2007; 12: 17-49. 
70 Shaw WC, Richmond S, Kenealy PM, Kingdon A, Worthington H. A 20-year cohort study of health gain from orthodontic 
treatment: psychological outcomes. Am J Orthod Dentofacial Orthop. 2007; 132: 146-157. 
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treatment where there was a need.69,70,71 Therefore, the aim of the second study using 

the observational data from the Oral Health of Adults Entering their Fourth Decade 

research was to examine the influence of fixed orthodontic treatment on psychosocial 

outcomes in adulthood. The principal outcome variables were self-efficacy; the strength 

of a person’s belief of their ability to respond to new or difficult situations and dealing with 

any associated setbacks or obstacles,72 health competence; the extent that a person feels 

successful in managing their own health outcomes,73 social support; the social support 

the responder believes they receive from family, friends and significant others,74 and 

optimism.75 These scales were used as they “…have been widely adopted in the 

literature, have well established psychometric properties and cover a broad range of 

psychosocial dimensions…”76 The explanatory variables were essentially the same as in 

the first study, namely socio-demographic variables (sex, income and education level), 

dental health behaviour (last dental visit, tooth brushing frequency), and the orthodontic 

variables of baseline DAI (DAI13) and receipt of fixed orthodontic treatment. Cronbach’s 

alpha was used to assess internal reliability for each outcome variable, and associations 

were assessed with unadjusted simple and adjusted generalised linear models. 

 

The University of Adelaide Media Team coordinated a press-release of this research 

article, with the research subsequently covered locally, nationally and internationally in 

traditional media, including newspapers and live radio interviews with stations in three 

Australian states, as well as online coverage. This research article achieved a high 

Altmetric attention score and became the highest scoring paper ever published in 

 
71 Kenealy P, Frude N, Shaw W. An evaluation of the psychological and social effects of malocclusion. Some implications for dental 
policy making. Soc Sci Med. 1989; 28: 583-591. 
72 Jerusalem M, Schwarzer R. Self-efficacy as a resource factor in stress appraisal process. In: Schwarzer R, Ed. Self-Efficacy: 
Thought Control of Action. Washington, DC: Hemisphere Publishing Corp; 1992. 
73 Smith MS, Wallston KA, Smith CA. The development and validation of the Perceived Health Competence Scale. Health Educ 
Res. 1995; 10: 51-64. 
74 Zimet GD, Dahlem NW, Zimet SG, Farley GK. The multidimensional scale of perceived social support. J Pers Assess. 1988; 52: 
30-41. 
75 Scheier MF, Carver CS. Optimism, coping, and health: assessment and implications of generalised outcomes expectancies. 
Health Psychol. 1985; 4: 219-247. 
76 Doğramacı EJ, Brennan DS. The long-term influence of orthodontic treatment on adults’ psychosocial outcomes: Reflections and 
critique on a recent commentary. Ortho Craniofac Res 2020. Epub ahead of print: 26 October 2020. DOI: 10.1111/ocr.12432 
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Orthodontics and Craniofacial Research. 

 

Key findings 

1. Regardless of initial severity of malocclusion, previous orthodontic treatment was 

not related to better psychosocial outcomes in adulthood when compared to those 

who did not receive treatment. Higher psychosocial scores were found in untreated 

participants, this being significant for optimism. 

2. Higher income earners had better psychosocial outcomes for all measures, 

whereas those with basic secondary level education had the lowest psychosocial 

scores. 

3. Initial severity of malocclusion was not predictive of psychosocial outcomes in 

adulthood, although those with an initial definite malocclusion were most optimistic 

in adulthood. 

4. Those practising optimal dental behaviours (brushing at least twice a day, regular 

dental visits) had higher psychosocial functioning.  

 

Implications 

1. At a population level, there is no evidence that previous orthodontic treatment 

confers any psychosocial benefit in adulthood, regardless of the initial 

malocclusion severity. Patients seeking orthodontic treatment on this basis should 

have such expectations sensitively moderated, using the highest-level of evidence 

possible. 

2. Lack of orthodontic treatment, regardless of initial malocclusion severity, does not 

diminish psychosocial functioning in adulthood. 

3. Socio-demographic factors are more important predictors of psychosocial 

functioning, followed by dental health behaviours. 
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RESEARCH PUBLICATION 7 
 
 
The long-term influence of orthodontic treatment on dental knowledge 

and behaviour: An Australian cohort study. 

 

Doğramacı EJ, Naini FB, Brennan DS.  

J Dent. 2020;100:103345 

DOI: doi.org/10.1016/j.jdent.2020.103345 PMID: 32335088  

 

Contextual statement 

Although the correction of malaligned anterior teeth is a key presenting concern of most 

patients seeking orthodontic treatment, benefits beyond aligned teeth are also expected 

by them. This includes improved dental health.  

 

Patients may present with malocclusions with a great spectrum of severity, with the 

subsequent duration of comprehensive fixed orthodontics reflecting the complexity of 

treatment, ranging between 14 and 33 months,77 which are punctuated with regular 

appointments of intervals ranging between every one to two weeks or up to every eight 

or ten weeks,78 to monitor changes and adjust appliances until treatment goals are 

achieved. Considering the regular exposure that orthodontic patients have with dental 

professionals, particularly during a course of fixed orthodontic treatment, one may purport 

that this type of experience may influence their future dental attitudes and behaviours,79 

thus producing improved dental health.80,81 Although the first study using data from the 

 
77 Tsichlaki A, Chin SY, Pandis N, Fleming PS. How long does treatment with fixed orthodontic appliances last? A systematic 
review. Am J Orthod Dentofacial Orthop. 2016; 149: 308-318. 
78 Jerrold L, Naghavi N. Evidence-based considerations for determining appointment intervals. J Clin Orthod. 2011; 47: 379-383. 
79 Syrjälä AM, Knuuttila M, Syrjälä LK. Self-efficacy perceptions in oral health behaviour. Acta Odontol Scand. 2001; 59: 1-6. 
80 Shaw WC. Addy M. Ray C. Dental and social effects of malocclusion and effectiveness of orthodontic treatment: a review. 
Community Dent Oral Epidemiol. 1980; 8: 36-45. 
81 Van Wezel NA, Bos A, Prahl C. Expectations of treatment and satisfaction with dentofacial appearance in patients applying for 
orthodontic treatment. Am J Orthod Dentofacial Orthop. 2015; 147: 698-703. 
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Oral Health of Adults Entering their Fourth Decade research was unable to demonstrate 

any difference in caries experience based upon receipt of orthodontic treatment,82 it was 

hypothesised that given the previous frequent and regular exposure to dental 

professionals, participants who had previous orthodontic treatment would have better 

dental knowledge and thus better dental behaviours, compared to untreated participants. 

The aim of the third study using this observational data was to assess the influence of 

fixed orthodontic treatment on dental knowledge and behaviour in adulthood. The 

principal outcome variables were dental behaviour and dental knowledge. The first set of 

outcome variables representing the concept of dental behaviour comprised frequency of 

toothbrushing and flossing, last dental attendance and its purpose. The second set of 

outcome variables representing the concept of dental knowledge comprised responses 

to questions regarding self-care preventive behaviours, and responses to the visiting 

subscale of the Modified Dental Neglect Scale (MDNS-VS).83 The explanatory variables 

were socio-demographic variables (sex, income and education level) and the orthodontic 

variables of baseline DAI (DAI13) and receipt of fixed orthodontic treatment. Cronbach’s 

alpha was used to assess internal reliability for MDNS-VS. Unadjusted bivariate and 

adjusted multivariate binomial logistic regression were used to model dental behaviour 

and knowledge of self-care preventive behaviours, while unadjusted simple linear and 

adjusted multivariate generalised linear regression were used to model MDNS-VS. 

 

The University of Adelaide Media Team was contacted regarding a press release for this 

research upon its acceptance for publication. Acceptance for release is pending, subject 

to the coronavirus disease (COVID-19) pandemic. 

 

  

 
82 Doğramacı EJ, Brennan DS. The influence of orthodontic treatment on dental caries: An Australian cohort study. Community Dent 
Oral Epidemiol. 2019;47(3):210-216. 
83 Sanders AE, Spencer AJ, Slade GD. Evaluating the role of dental behaviour in oral health inequalities. Community Dent Oral 
Epidemiol. 2006; 44: 253-258. 
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Key findings 

1. Oral hygiene behaviours, such as brushing and flossing, are not related to previous 

experience of orthodontic treatment. Proportionally more untreated participants 

brushed and flossed their teeth regularly, though this did not reach statistical 

significance. 

2. Males, lower income earners and those with lower levels of educational attainment 

had poorer dental behaviour. 

3. Those with a basic secondary education level and lower income earners were less 

likely to have had a recent dental visit. Those with a basic secondary education 

were most likely to attend for an emergency, rather than a scheduled dental visit. 

4. Participants not treated orthodontically were more likely to give importance to 

myths, such as a calcium-rich diet preventing caries. 

5. Participants with a baseline definite malocclusion had higher levels of knowledge 

regarding dental visiting compared to those with minimal or more severe 

malocclusions. 

 

Implications 

1. On a population level, previous experience of orthodontic treatment has limited 

impact on dental knowledge and may not affect dental behaviour in adulthood.  

2. Socio-demographic factors are predictive of long-term dental knowledge and 

behaviour. 

3. In addition to socio-demographic variables, childhood dental habits and social 

attitudes are likely to be important influencers of dental behaviour in adulthood. 
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DISCUSSION AND SUMMARY 

 

Infant behaviours and malocclusions 
 
 

Key findings 

The multifactorial nature of malocclusions signifies that a child may present with a single 

or multiple features of malocclusions, detectable at any stage of dental development. 

NNSBs, a type of environmental factor, were strongly associated with different 

malocclusion features in the primary and mixed dentitions, with risk ratios consistently 

higher amongst children with a current or previous NNSB history. The risk for increased 

overjet was greater in digit versus pacifier suckers, with pacifier use strongly associated 

with posterior crossbite development. Anterior open bite was associated with all types of 

NNSBs, though was highly significant in digit sucking.  

 

Use of a highly defined methodological approach produced the most precise and accurate 

results to date on the relationship between breastfeeding and malocclusions in the 

primary dentition. Although malocclusions were detected in children who breastfed 

optimally, their risk level was not comparable to children who breastfed sub-optimally. Nil 

or short duration of breastfeeding was significantly associated with anterior open bite, 

with the latter also significantly associated with a Class II canine relationship. Risk ratios 

for posterior crossbite were greater amongst children who were not exclusively breastfed, 

but not statistically significant, although all types of NNSB were highly and significantly 

associated with this malocclusion in the primary dentition.  
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Presently, there is scant Internet content targeting the lay public regarding breastfeeding 

and malocclusions, with the few websites identified having an overall moderate level of 

quality and the evidence level of supporting references being moderate to very low. 

 

Interpretation of key findings  

Breastfeeding exclusively in the first six months of life falls within the definition of optimal 

breastfeeding,84,85 although less than half of all children globally are breastfeeding at six 

months and even fewer by the age of two.85 NNSBs are usually introduced in infancy 

before any teeth have erupted into the oral cavity, persisting into the primary dentition, 

which is normally established at the age of three years, though these habits can continue 

for longer.  

 

The position of teeth (i.e. dental equilibrium) is the result of four primary factors: 1. intrinsic 

forces (resting pressures) from the tongue, lips and cheeks, 2. extrinsic forces from habits 

and orthodontic appliances, 3. dental occlusion forces, and 4. forces from the periodontal 

membrane, with continuous forces having a stronger effect on tooth position compared 

to force magnitude.86 Apart from differences in nourishment, NNSBs vary from 

breastfeeding as they are low magnitude forces engaged in for long periods of time, while 

breastfeeding involves suckling and swallowing with high force levels for short durations 

at a time. Pacifier use is also associated with shorter breastfeeding duration,87 including 

shorter duration in exclusivity of breastfeeding.88 Malocclusions are not part of normal 

dental development. Where they are not attributed to genetic factors, they are likely the 

result of environmental, pathological agents, that disrupt the normal dental equilibrium. 

 
84 World Health Organization. UNICEF: Global Strategy for Infant and Young Child Feeding. Geneva, Switzerland: World Health 
Organization; 2003. Available at: https://apps.who.int/iris/bitstream/10665/42590/1/9241562218.pdf?ua=1&ua=1  
85 UNICEF. UNICEF Data: Monitoring the Situation of Children and Women. Infant and young child feeding. 2019 Available at: 
http://data.unicef.org/nutrition/iycf.html  
86 Proffit WR. Equilibrium theory revisited: factors influencing position of the teeth. Angle Orthod. 1978; 48: 175-186. 
87 Karabulut E, Yalçin SS, Özdemir-Geyik P, Karaağaoğlu E. Effect of pacifier use on exclusive and any breastfeeding: a meta-
analysis. Turk J Pediatr. 2009; 51: 35-43. 
88 Buccini GDS, Pérez-Escamilla R, Paulino LM, Araújo CL, Venancio SI. Pacifier use and interruption of exclusive breastfeeding: 
systematic review and meta-analysis. Matern Child Nutr. 2017; 13: e12384. 
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One such agent is NNSBs, which may be the cause of malocclusions in both optimally 

and sub-optimally breastfed children. For example, NNSBs may be introduced to an infant 

after six months of exclusive breastfeeding. The significance of this time point is its co-

occurrence with the commencement of eruption of the primary dentition into the oral 

cavity. Therefore, despite a type of optimal breastfeeding having previously occurred, this 

will be unlikely to convey any protective effect against the deleterious effects of NNSBs 

during the establishment of the primary dentition. Websites targeting laypeople about the 

relationship between breastfeeding and malocclusions are scant and do not detail 

evidence of the mechanisms involved for the apparent protective effect of breastfeeding. 

The research evidence used on these websites is mostly lower level.  

 

Limitations and recommendations  

Recall bias is an important issue that impacts on the accuracy of data collected from 

participants. Without independent verification, the data are at risk of being imprecise, 

particularly when a long period of time has elapsed between when a person’s behaviour 

or activity occurred and when they (or parent/guardian) are asked to recall this 

information. Retrospective studies are particularly at risk of this type of bias. Although 

many of the component studies in the systematic reviews were cross-sectional, data 

regarding NNSB or breastfeeding are not always collected contemporaneously. One 

strategy to reduce recall bias involves the use of alternative study designs, such as a 

prospective observational approach, collecting data at pre-determined timepoints, at or 

close to the time when the behaviour is expected to occur. Longitudinal birth-cohort 

studies uniquely gather broad data on environmental and genetic determinants of infant 

and childhood development. Within the limitations of human and financial resources, 

nested studies at specified timepoints could research factors influencing oro-craniofacial 

development. When conducted in multiple different geographical areas, pooled results 
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may enable a better understanding of the determinants of malocclusions within a global 

context. 

 

This PhD research did not aim to explore why or how malocclusion occurrence differs 

between optimally and sub-optimally breastfed children. This is an area requiring further 

research. Several component studies included in the systematic review and meta-

analysis that focused on breastfeeding also reported data in relation to NNSB, however, 

owing to dissimilarities in the definitions, classification and types of outcome measures 

recorded and reporting methods, it was not possible to perform further analyses to 

separate the extent that NNSB impacts on malocclusion development in those who also 

have a history of optimal breastfeeding. Universal agreement and standardisation on the 

type of core outcome measures that should be collected and reported in orthodontic 

research could help overcome the problems of heterogeneity between studies in the 

future. This would also facilitate the application of network meta-analysis, rather than pair-

wise meta-analyses. In this way, data from multiple exposure-specific groups of 

participants could be used to obtain more precise estimates of effect for defined outcome 

measures. 

 

Although it may be argued that a common risk factor approach in encouraging 

breastfeeding could help avoid malocclusion development while also being exposed to 

the other well-known benefits from breastfeeding,89 the policy of “breast is best” is unlikely 

to dissuade the adoption and persistence of NNSBs, thus is unlikely to be an effective 

strategy for prevention of malocclusions of environmental (habit) origin, nor have any 

impact on the genetic determinants of malocclusion. Future community engagement 

directly with patients and indirectly via traditional and social media, as well as public 

 
89 Sheiham A, Watt RG. The common risk factor approach: a rational basis for promoting oral health. Community Dent Oral 
Epidemiol. 2000; 28: 399-406. 
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health strategies, should emphasise the deleterious effects associated with NNSBs, 

including the higher risks for malocclusions and the consequences of malocclusions, per 

se, as well as their treatment. For example, committed digit suckers may develop an 

increased overjet, putting them at heightened risk for traumatic dental injury;90 early 

interceptive orthodontic treatment can help reduce this risk.91 However, orthodontic 

treatment is not without consequences, presenting a financial burden to the individual (or 

parent/carer), wider society, or both, and treatment also being associated with important 

iatrogenic risks.  

 

 
Long-term outcomes of orthodontic treatment 
 
 

Key findings 

Regardless of initial severity of malocclusion, previous receipt of fixed orthodontic 

treatment was not associated with caries experience, psychosocial outcomes, dental 

knowledge or dental behaviours in adulthood. Rather, socio-demographic variables were 

strongly predictive of these outcomes. Males, lower income earners and those with a 

basic level of secondary education had lower levels of knowledge about prevention of 

dental disease, infrequent oral hygiene behaviours, irregular dental visits that were often 

for emergencies, higher levels of caries experience, and poorer psychosocial outcomes.  

 

Interpretation of key findings 

The inequalities observed in this studied population were largely determined by levels of 

education and income. The lower the participant’s level of educational attainment or 

income, the poorer their clinical and self-reported outcomes. Thus, gradients were 

 
90 Arraj GP, Rossi-Fedele G, Doğramacı EJ. The association of overjet size and traumatic dental injuries – a systematic review and 
meta-analysis. Dent Traumatol. 2019; 35: 217-232. 
91 Batista KBSL, Thiruvenkatachari B, Harrison JE, O’Brien KD. Orthodontic treatment for prominent upper front teeth (Class II 
malocclusion) in children and adolescents. Cochrane Database Syst Rev. 2018 Mar 13; 3: CD003452. 
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observed that were socio-economic. Sex differences were also noted in several outcome 

measures. However, previous fixed orthodontic treatment was not identified as a 

determinant of long-term dental knowledge or behaviour, dental health or psychosocial 

outcomes.  

 

A gradient was observed for oral hygiene behaviours, caries experience, attitudes to 

dental visiting and reported dental visiting. Lower levels of regular oral hygiene 

behaviours (toothbrushing and flossing) were observed amongst participants with basic 

education and low income levels, although this is in contrast to earlier work in Australia 

where no socio-economic differences were observed.92 The finding of higher caries 

experience amongst participants with low income and educational attainment is 

consistent with previous work in Australia and other high-income countries that shows 

low socio-economic position is significantly associated with greater risk of untreated 

caries (decayed teeth) and previous caries experience (missing or filled teeth).92,93,94,95,96 

Significantly less favourable knowledge about dental visiting was found among 

participants with lower income and education levels, with fewer scheduled or regular visits 

made by lower income earners. This is in agreement with earlier work, which purports 

cost as the main barrier for accessing professional dental services.92,93 Research in the 

United States has previously reported that people with lower levels of formal education 

had the least knowledge of fluoride preventing dental caries,97 a finding mirrored in this 

PhD research.  

 

 
92 Sanders AE, Spencer AJ, Slade GD. Evaluating the role of dental behaviour in oral health inequalities. Community Dent Oral 
Epidemiol. 2006; 34: 71-9.  
93 Brennan DS, Spencer AJ, Roberts-Thomson KF. Dental self-care and visiting behaviour in relation to social inequality in caries 
experience. Community Dent Health. 2011; 28: 216-221. 
94 Armfield JM, Mejia GC, Jamieson LM. Socioeconomic and psychosocial correlates of oral health. Int Dent J. 2013; 63: 202-209. 
95 Schwendicke F, Dörfer CE, Schlattmann P, Foster Page L, Thomson WM, Paris S. Socioeconomic inequality and caries: a 
systematic review and meta-analysis. J Dent Res. 2015; 94: 10-18. 
96 Lambert M, De Reu G, De Visschere L, Declerck D, Bottenberg P, Vanobbergen J. Social gradient in caries experience of Belgian 
adults 2010. Community Dent Health. 2018; 35: 160-166. 
97 Gift HC, Corbin SB, Nowjack-Raymer RE. Public knowledge of prevention of dental disease. Public Health Rep. 1994; 109:397-
404. 
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All psychosocial outcomes were congruent with income and education, with the lowest 

scores observed amongst lower income earners and those with a basic level of education, 

increasing with higher education attainment. This is in agreement with research 

conducted in England where psychosocial values, including perceived social support, 

were aligned along a gradient of education and income; higher values were observed with 

increasing income and education,98 though work in Italy alternatively found that social 

support did not follow a social gradient.99  

 

Sex differences in oral hygiene behaviours that have been previously reported were 

confirmed in this PhD research,100 with males brushing and flossing less often than 

females. However, no sex differences in recency of last dental visit or its purpose were 

observed, which is opposite to work in Finland where more males reported a greater 

period of time elapsing since their last dental visit.100 This difference may be attributable 

to greater accuracy of their data as the researchers checked the self-complete 

questionnaire responses with each participant when they attended for clinical 

examination. In-person verification of questionnaire data was not undertaken in the Oral 

Health of Adults Entering their Fourth Decade study. In this PhD research, males had 

more untreated caries (decay), while females had more teeth missing or filled, the latter 

reflecting a higher DMFT score, with these findings being similar to work published from 

other Australian studies.101,102 This corresponds with females having more frequent dental 

visits, with these largely being scheduled visits, whereby caries, or its consequences, can 

be identified and treated. Furthermore, this PhD research observed males having lower 

levels of knowledge regarding the prevention of dental diseases, a finding also consistent 

 
98 Shields MA, Price SW. Exploring the economic and social determinants of psychological well-being and perceived social support 
in England. J R Statist Soc A. 2005; 168: 513-537. 
99 De Vogli R, Gnesotto R, Goldstein M, Andersen R, Cornia GA. The lack of social gradient of health behaviours and psychosocial 
factors in Northern Italy. Soz Praventivmed. 2005; 50: 197-205. 
100 Sakki TK, Knuuttila MLE, Anttila SS. Lifestyle, gender and occupational status as determinants of dental health behaviour. J Clin 
Periodontol. 1998; 25: 566-570. 
101 Brennan D, Spencer J, Roberts-Thomson K. Dental knowledge and oral health among middle-aged adults. Aust N Z J Public 
Health. 2010; 34: 472-475.  
102 Armfield JM, Mejia GC, Jamieson LM. Socioeconomic and psychosocial correlates of oral health. Int Dent J. 2013; 63: 202-209. 



 126 

with earlier work.101 In agreement with research in England, males were also less likely 

to report positive psychosocial well-being or perceived social support.98  

 

 

Limitations and recommendations 

Owing to a lack of resources, over half of the original cohort from the baseline study in 

1988-1989 was permanently lost as the follow-up study was limited to participants 

residing in metropolitan Adelaide. Thus, 1859 participants who comprised the remaining 

47% of the original cohort from the baseline study were contacted to participate in the 

observational, cross-sectional study in 2005-2006. Six-hundred and thirty-two returned 

the postal questionnaire, giving a response rate of 34%. Of these, 473 attended for clinical 

examination, though 25 respondents were excluded due to invalid study identification 

numbers or they were deemed to have been traced erroneously. The final follow-up rate 

from the original 3925 participants at baseline was 24%, with those not responding or 

attending for assessments considered as missing completely at random.103 A low 

response rate might be considered a limitation with respect to a decrease in the power of 

the analyses, however, many results across the three studies demonstrated statistically 

significant differences that were distributed by sex and along socio-economic gradients. 

One may assert that there is a possibility of bias in the results owing to differences 

between the original participants at baseline and those that participated in the follow-up, 

thus limiting the generalisability of the findings to a wider population. Although the follow-

up participants largely represented females residing in metropolitan Adelaide who had a 

higher socio-economic position in society, data were analysed using multivariate models 

that controlled for education, income and sex.  

 

 
103 Little RJA, Rubin DB. Chapter 1. Introduction. In: Little RJA, Rubin DB, Eds. Statistical Analysis with Missing Data. 2nd ed. 
Hoboken, NJ: John Wiley & Sons, Incorporated; 2002. 



 127 

While potential data from participants missing completely at random can be ignored,104 it 

is possible to project dental knowledge, behaviour, dental health and psychosocial 

outcomes of future South Australian populations using cross-sectional data from the 

follow-up study in 2005-2006 and additionally collecting new data at another time-point. 

The statistical technique for this is cohort-based modelling,105 using a closed-type model 

with a single cohort whose participants would be homogenous for age (30-years-old) and 

residency (living in South Australia, Australia). Additionally, the target population would 

need to be fully representative of the South Australian population in terms of demographic 

and socio-economic variables. Data collection would be based upon clinical examination 

as well as administration of a survey based upon the one used in the Oral Health of Adults 

Entering their Fourth Decade study in 2005-2006. Rather than distributing the survey by 

traditional mail, an online survey software platform could be adopted. This method would 

present some advantages over traditional surveys that include: accessibility via any 

Internet-enabled device, automated reminders sent to participants, option for participants 

to stop providing responses mid-survey and resuming at a later time point, continuous 

data cleaning ensuring responses are considered and reliable (i.e. removal of responses 

where participants did not spend sufficient time prior to giving the response, only chose 

the same answer option per question, or skipped large portions of the survey), and 

exporting data electronically for statistical analyses. Participants can be pre-enrolled 

through traditional recruitment methods or alternatively, recruited via the firm hosting the 

online survey, recruiting until sufficient surveys have been completed that are 

representative of the target population. With the latter, fraudulent survey participation 

where participants complete the survey multiple times in order to benefit from financial 

compensation, as well as the use of programmed bots, have been reported.106 

 

 
104 Siddiqui O, Flay BR, Hu FB. Factors affecting attrition in a longitudinal smoking prevention study. Prev Med. 1996; 25: 554-560. 
105 Ethgen O, Standaert B. Population-versus cohort-based modelling approaches. Pharmacoeconomics. 2012; 30: 171-181. 
106 Teitecher JEF, Bockting WO, Bauermeister JA, Hoefer CJ, Miner MH, Klitzman RL. Detecting, preventing, and responding to 
“fraudsters” in Internet research: ethics and tradeoffs. J Law Med Ethics. 2015; 43: 116-133. 
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Data accuracy and validity derived from the questionnaire may be contended to be 

inaccurate on account of it being self-reported. This is unlikely to be a problem for the 

outcome measures of dental caries, dental knowledge or psychosocial outcomes since 

clinical examinations by calibrated assessors established levels of active and treated 

caries, while questions regarding psychometrics and dental knowledge aimed to explore 

an individual’s broader awareness and attitudes, at that moment in time, to issues that 

are related to oral health. However, future longitudinal studies could consider assessing 

dental knowledge and psychometrics at multiple time-points during the course of the 

study, which could glean insights into how attitudes and personal qualities change over 

time, in relation to static and dynamic socio-demographic variables, as well as other 

explanatory variables such as receipt of fixed orthodontic treatment. 

 

Responses regarding dental behaviour might be considered to have been influenced by 

recall bias. Specifically, these are frequency of toothbrushing and flossing (quantitative 

facts – how often?), last dental attendance (quantitative fact – when?), and purpose of 

last dental attendance (qualitative fact – why?). Although this study did not have proxy 

validation of oral health behaviours of toothbrushing or flossing (i.e. spouse, housemate 

verification), the interval was one week and therefore not considered at high risk of recall 

error.107 Moreover, the clinical dental health outcomes that were observed in the same 

participants were compatible with the behaviours reported. Since regular brushers have 

a lower incidence of caries,108 when the unadjusted association of caries experience and 

toothbrushing for this cohort were compared, the level of active dental disease was found 

to be compatible with the toothbrushing reported. Furthermore, unadjusted and adjusted 

negative binomial regression to assess the association of self-reported toothbrushing with 

decayed teeth showed that those brushing less than twice a day had significantly more 

 
107 Wagenaar WA. My memory: a study of autobiographical memory over six years. Cogn Psychol. 1986; 18: 225-252. 
108 Kumar S, Tadakmadla J, Johnson NW. Effect of toothbrushing frequency on incidence and increment of dental caries: a 
systematic review and meta-analysis. J Dent Res. 2016; 95: 1230-1236. 
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decayed teeth. When time interval increases, there is the possibility that the participant 

cannot remember non-repetitive events such as whether their last dental visit was within 

the last 12 months, last two years, two to less than five years ago, or five to less than ten 

years ago. In such circumstances, the participant might not only provide an answer that 

is based upon their best recollection, but one which is also a socially desirable 

response.109 Although one of the strategies employed to overcome inaccuracy of recall 

of last dental visit was dichotomisation of last dental attendance using attendance less 

than two years ago (=yes) or not, future longitudinal studies could implement the use of 

diaries or electronic health passports to record when the visits occurred, or collecting data 

at multiple time-points with shorter intervals. These actions could also assist in recording 

precisely the reason for last dental attendance, even though attendance for relief of pain 

should be considered free of limitations of human recollection or recall bias as past 

studies have demonstrated high accuracy in recollection of pain-related behaviours.110  

 

Overall, population studies that use self-reported questionnaires rely on the honesty of 

survey respondents. Socio-demographic variables of age and sex can be verified when 

the participant attends for clinical assessments, whereas income and education are 

harder to authenticate. Data analysis against national census data can help determine 

whether the distribution of explanatory variables in a study are representative of the target 

population and if not, could be verified with participants when they attend for clinical 

examinations. 

 

A distinguishing feature of this study was the use of the Dental Aesthetic Index (DAI),111 

which was developed “specifically to measure dental aesthetics…that deviate from 

 
109 Bradburn NM, Rips LJ, Shevell SK. Answering autobiographical questions: the impact of memory and inference on surveys. 
Science. 1987; 236: 157-161. 
110 Salovey P, Smith AF, Turk DC, Jobe JB, Willis GB. The accuracy of memory for pain. Not so bad most of the time. APS Journal. 
1993; 2: 184-191 
111 Cons NC, Jenny J, Kohout FJ. DAI: The Dental Aesthetic Index. Iowa City: College of Dentistry, The University of Iowa; 1986. 
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societally accepted norms…” It precedes other orthodontic indices and was used in this 

study to determine the malocclusion severity of a participant, according to the publics’ 

perceptions of dental aesthetics, with the presumption that dental aesthetics can be 

improved by orthodontic treatment. Although it may be criticised for not recording dental 

crowding as accurately in all areas of the dental arches, or that crowding is not weighted 

sufficiently, it nonetheless provides a useful means of objectively and reliably stratifying 

the population based on their malocclusion.112 Although not an aim of this study, future 

longitudinal studies may wish to investigate the relationship between dental crowding and 

caries experience based upon the receipt of fixed orthodontic treatment. In situations 

where the DAI is adopted, this could perhaps be supplemented with the use of additional 

indices such as the Index of Orthodontic Treatment Need,113 or Little’s Irregularity 

Index.114 

 

Education, income and gender play a key role in shaping the biological factors, personal 

behaviours and psychosocial factors that influence individual health and well-being.115 

These have been coined “social determinants,”116 and they contribute to the social 

gradients observed in health outcomes, including those found in this PhD research. Early 

childhood development and education, and elimination of gender biases, are stated as 

key areas that require targeted action as they can positively change the current life-course 

health patterns observed.115,116   

 

In a clinical setting, prospective patients who hold expectations of improved dental health 

or psychosocial gains as a consequence of fixed orthodontic treatment should have these 

 
112 Jenny J, Cons NC. Establishing malocclusion severity levels on the Dental Aesthetic Index (DAI) scale. Aust Dent J. 1996; 41: 
43-46. 
113 Brook PH, Shaw WC. The development of an index of orthodontic treatment priority. Eur J Orthod. 1989; 11:309-320. 
114 Little RM. The irregularity index: a quantitative score of mandibular anterior alignment. Am J Orthod. 1975: 68: 554-563. 
115 Marmot M. Social justice, epidemiology and health inequalities. Eur J Epidemiol. 2017; 32: 537-546. 
116 Commission on the Social Determinants of Health. Closing the gap in a generation: health equity through action on the social 
determinants of health. Final Report of the commission on Social Determinants of Health. Geneva: World Health Organisation. 
2008. 
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beliefs sensitively moderated, explaining, for example, that brushing at least twice a day, 

limiting cariogenic food and drinks to main meal times, and visiting a dentist regularly are 

more reliable actions that they can personally take to stave off dental disease. The 

expectation of psychosocial enhancement may currently be considered unrealistic, based 

on the results of this PhD research where lack of orthodontic treatment, regardless of 

initial malocclusion severity, on a population level, did not produce lower psychosocial 

functioning compared to treated participants. This is not synonymous with no 

psychosocial improvement at an individual, clinical level. Within the population studied, 

there were participants, both treated and untreated, who had high scores for the 

psychosocial outcomes measured, and equally those who had comparatively low scores. 

Thus, one may purport that some treated individuals, such as those with baseline DAI 

scores greater than 36, obtained high psychometric scores on account of their previous 

orthodontic treatment. However, this would be an erroneous deduction as the influence 

of other confounding variables, assessed through the use of adjusted models, should also 

be considered. Moreover, in the absence of baseline assessments, which is one of the 

limitations of this study, it is not possible to state how the participants’ psychometric 

outcomes changed over time; whether orthodontic treatment enhanced their long-term 

psychosocial functioning. Nonetheless, evidence from a similar study in Wales showed 

that baseline psychosocial functioning, rather than receipt of orthodontic treatment, was 

predictive of psychosocial outcomes in adulthood.117 Therefore, this study is confirmatory 

of earlier work; that the long-term psychosocial benefits of orthodontic treatment are yet 

to be shown. 

 

State-subsidised orthodontic treatment is largely rationed on the basis of the presenting 

malocclusion’s potential to carry a dental health impact on an individual. Features with a 

 
117 Shaw WC, Richmond S, Kenealy PM, Kingdon A, Worthington H. A 20-year cohort study of health gain from orthodontic 
treatment: psychological outcome. Am J Orthod Dentofacial Orthop. 2007; 132: 146-157. 
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potentially more severe impact, such as a large overjet or an impacted tooth, which can 

be measured objectively, are classified as having a very great need for treatment,118 

owing to their increased risk for traumatic dental injury or impaction resorption.119,120 As 

eligibility for state-subsidised treatment is usually assessed on the basis of meeting a 

minimum morphological threshold, the outcomes of the effectiveness of orthodontic 

treatment are currently reported in terms of morphological changes, using tools such as 

the Peer Assessment Rating that has reliability and validity,121,122 to compare post-

treatment occlusion with the initial presentation.  

 

Assessment of the effectiveness of orthodontic treatment at enhancing psychological and 

social functioning, on an individual level, would require a longitudinal, multidisciplinary 

life-course approach, ideally nested in a parent epidemiological study, to not only be able 

to use the maximum amount of data for multiple health research areas, but also to avoid 

priming participants. With respect to orthodontics, data on socio-economic variables, 

psychological and social functioning, oral health, and initial (untreated) malocclusion, 

using quantitative and qualitative approaches, could first be obtained at pre-adolescence, 

with participants followed through at pre-determined time-points over various eras in the 

life cycle, additionally collecting further information related to receipt of orthodontic 

treatment, its nature, duration and morphological outcomes. However, the most important 

barriers to the widespread adoption of such methodologies are the immense human and 

financial resources required to support studies of this nature. 

 

 
118 Brook PH, Shaw WC. The development of an index of orthodontic treatment priority. Eur J Orthod. 1989; 11:309-320. 
119 Arraj GP, Rossi-Fedele G, Doğramacı EJ. The association of overjet size and traumatic dental injuries – a systematic review and 
meta-analysis. Dent Traumatol. 2019; 35: 217-232. 
120 Doğramacı EJ, Sherriff M, Rossi-Fedele G, McDonald F. Location and severity of root resorption related to impacted maxillary 
canines: a cone beam computed tomography (CBCT) evaluation. Aust Orthod J. 2015: 31: 49-58. 
121 Richmond S, Shaw WC, O’Brien KD, Buchanan IB, Jones R, Stephens CD, Roberts CT, Andrews M. The development of the 
PAR index (Peer Assessment Rating): reliability and validity. Eur J Orthod. 1992; 14: 125-139. 
122 Richmond S, Shaw WC, Roberts CT, Andrews M. The PAR Index (Peer Assessment Rating): methods to determine outcome of 
orthodontic treatment in terms of improvement and standards. Eur J Orthod. 1992; 14: 180-187. 
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Psychometric tools are not currently used routinely in clinical orthodontic practice for the 

purpose of assessing orthodontic treatment need or monitoring changes. Although 

specific tools could be proposed, the inherent differences in psychological and social 

characteristics at various eras of the life cycle, along with the potential of other 

confounding factors including socio-economic variables,123 make the possibility for 

delineating any enhancements to psychosocial functioning as a consequence of 

orthodontic treatment challenging. Other considerations include the appropriateness of 

using psychosocial assessments to ration orthodontic treatment, incongruity between 

objective and subjective assessments with patient self-assessments, and the quandary 

of managing a patient whose malocclusion has been corrected morphologically, yet their 

psychosocial functioning has not achieved a minimum percentage change that may 

represent an improvement. The latter is a situation where pre-treatment assessment 

within an inter-disciplinary setting would help to correctly identify the salient health issues 

that can be predictably treated. 

  

 
123 Price J, Whittaker W, Birch S, Brocklehurst P, Tickle M. Socioeconomic disparities in orthodontic treatment outcomes and 
expenditure on orthodontics in England’s state-funded National Health Service: a retrospective observational study. BMC Oral 
Health. 2017; 17: 123. 
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CONCLUSION 

This research aimed to examine the association of environmental factors during childhood 

on the development of malocclusions, and to discern the long-term outcomes of previous 

orthodontic treatment. 

 

Results of this research demonstrate that children in the primary dentition with a history 

of optimal breastfeeding have a lower risk for developing various malocclusion features 

compared to sub-optimally breastfed children. The most biologically plausible explanation 

is that when NNSBs are adopted, optimal breastfeeding ends, and the deleterious effects 

of NNSBs can develop and their effects can be observed in the dentition. When NNSBs 

continue beyond the primary dentition, certain malocclusion features can persist into the 

mixed and secondary dentitions. Breastfeeding should therefore be considered as 

preventing the acquisition and perpetuation of NNSBs, and breastfeeding does not, in 

itself, reduce the occurrence of malocclusions. 

 

Comprehensive fixed orthodontic treatment is focussed on correcting the intra- and inter-

maxillary relationships of teeth to normal in patients in the secondary dentition. Although 

long-term occlusal outcomes can be easily and objectively measured, non-occlusal 

outcomes are seldom investigated. At a population level, there is no evidence that 

previous orthodontic treatment confers better dental health or psychosocial outcomes, 

regardless of initial malocclusion severity, in adulthood. Moreover, there is limited 

difference in the level of dental knowledge, and no difference in performance of ideal 

dental behaviours based on one’s past experience of comprehensive fixed orthodontic 

treatment. Therefore, orthodontic treatment should not be proposed or justified on the 

grounds of reducing caries risk or improving psychosocial functioning in later life. 

However, based on the limitations in data collection already described, further 

investigation is required.  
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APPENDICES 

Appendix 1: Course attendances during PhD candidature 

Date(s) Course title Organiser/Host, 
Venue Format Hours 

30.11-
4.12.15 

Comprehensive Systematic 
Review Training Programme 

The Joanna Briggs 
Institute,  
The University of 
Adelaide. 

Structured 
training 
program 

18 

21.3.16 
Authorship issues - Australian 
Code for the Responsible 
Conduct of Research 

The University of 
Adelaide 

Online 
course 2 

21.3.16 

Management of data and 
primary materials - Australian 
Code for the Responsible 
Conduct of Research 

The University of 
Adelaide 

Online 
course 2 

21.3.16 

Publication and dissemination 
of research findings - 
Australian Code for the 
Responsible Conduct of 
Research 

The University of 
Adelaide 

Online 
course 2 

29.9.16 Florey Postgraduate Research 
Conference 

Faculty of Health 
and Medical 
Sciences,  
The University of 
Adelaide. National 
Wine Centre of 
Australia, Adelaide 

Conference 6 

21-
25.4.17 

117th Annual Session: 
Navigating orthodontics: the 
art, the science, the business 

American 
Association of 
Orthodontists,  
San Diego, US. 

Conference, 
including oral 
presentation 

10 

18.9.17 Introduction to SPSS for 
statistics 

CaRST –  
The University of 
Adelaide 

Workshop 6 

25.9.17 

Session chair: Oral Session – 
Translation of research into 
clinical dental practice, 57th 
International Association of 
Dental Research – Australia 
and New Zealand Divisional 
Meeting 

International 
Association of 
Dental Research, 
Adelaide Health and 
Medical Sciences 
Building - The 
University of 
Adelaide 

Conference 3 

20.11.17 Thriving in your life as an HDR 
CaRST –  
The University of 
Adelaide 

Workshop 2 

27.11.17 Reviving your life while doing 
an HDR 

CaRST –  
The University of 
Adelaide 

Workshop 2 

4.12.17 The self-reflective HDR 
CaRST –  
The University of 
Adelaide 

Workshop 2 

14.2.18 Emerging leader: leading 
others 

CaRST –  
The University of 
Adelaide 

Workshop 2 
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23.5.18 Commercialisation 101 
CaRST –  
The University of 
Adelaide 

Workshop 1 

14.6.18 
HDR workshop: ethics and 
integrity in research with 
humans 

University of South 
Australia, Flinders 
University, The 
University of 
Adelaide 

Workshop 6 

21.6.18 Clinical research: establishing 
investigator initiated  

CaRST –  
The University of 
Adelaide 

Workshop 3 

25.9.18 
Florey Postgraduate Research 
Conference: presenting a 
poster 

Faculty of Health 
and Medical 
Sciences, 
The University of 
Adelaide 

Poster 
presentation 3 

25.9.18 Florey Postgraduate Research 
Conference: symposium 

Faculty of Health 
and Medical 
Sciences, 
The University of 
Adelaide. Wine 
Centre of Australia, 
Adelaide 

Conference 2 

26.9.18 Media training for scientists 
CaRST –  
The University of 
Adelaide 

Workshop 2 

10.10.18 Engaging with industry 
CaRST –  
The University of 
Adelaide 

Workshop 2 

25.10.18 Animate your science The University of 
Adelaide Workshop 2 

31.10.18 Altmetric explorer for 
researchers 

CaRST –  
The University of 
Adelaide 

Workshop 2 

1.5.19 Presenting your research with 
confidence 

CaRST –  
The University of 
Adelaide 

Workshop 2.5 

10.5.19 Qualtrics web survey software 
– an introduction 

Adelaide Business 
School, 
The University of 
Adelaide 

Workshop 3 

12.6.19 
Emotional intelligence: 
understanding ourselves and 
others 

CaRST –  
The University of 
Adelaide 

Workshop 6 

30.10.19 Defeating self sabotage 
CaRST –  
The University of 
Adelaide 

Workshop 2.5 

13.11.19 Workforce skills workshop 
CaRST –  
The University of 
Adelaide 

Workshop 3 

11.3.20 Leadership and the art of 
influence 

CaRST –  
The University of 
Adelaide 

Workshop 2 

Abbreviation: CaRST: Careers and Research Skills Training 
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Appendix 2: Certificate of attendance – Comprehensive Systematic 

Review Training Program – The Joanna Briggs Institute. 
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Appendix 3: Conference/lecture presentations of PhD research 

 
Date Title Host, Venue Format 

13.12.16 Breastfeeding and malocclusions 
Australian Society of Orthodontists, SA 
Branch. General Meeting. Amaro 
Restaurant, Adelaide, Australia  

Oral 

23.4.17 
Malocclusions in young-children – 
does breastfeeding really reduce 
the risk? 

Oral Research Presentations - 
American Association of Orthodontists 
117th Annual Session. San Diego, US. 

Oral 

25.9.17 

What’s worse for a child’s teeth: 
non-nutritive sucking behaviours 
(NNSB) or sub-optimal 
breastfeeding?  

Translation of research into clinical 
dental practice - 57th International 
Association of Dental Research – 
Australia and New Zealand Divisional 
Meeting. The University of Adelaide – 
Adelaide Health and Medical Sciences 
Building, Adelaide, Australia. 

Oral 

2.7.18 

Malocclusions – from infancy to 
adulthood. Do infant behaviours 
reduce their occurrence and what 
are the consequences of 
malocclusions later in life? 

University of Malaya – Faculty of 
Dentistry. Kuala Lumpur, Malaysia. Oral 

5.7.18 Malocclusions – from birth to 
adulthood 

Updates in endodontics and 
orthodontics: refreshing our 
knowledge. Universiti Sains Malaysia 
–School of Dental Sciences. Kota 
Bharu, Malaysia. 

Oral 

25.9.18 “Breastfeed for straight teeth!” 
Fact or fiction? 

Florey Postgraduate Research 
Conference. The University of 
Adelaide - Faculty of Health and 
Medical Science. National Wine 
Centre of Australia, Adelaide, 
Australia. 

Poster 

4.5.19 Outcomes of orthodontic 
treatment – The Australian story 

38th Australian Dental Congress. 
Adelaide, Australia Oral 

4.9.20 What are the outcomes of 
orthodontic treatment later in life? 

Colgate Research Day virtual poster 
competition – senior division. Adelaide 
Dental School, The University of 
Adelaide, Australia. 

Digital 
poster 

30.9.20 Do braces make you better-off in 
adulthood? 

Florey Postgraduate Research 
Conference. The University of 
Adelaide - Faculty of Health and 
Medical Science. Virtual conference. 

Digital 
poster 
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7.10.20-
3.11.20 

Does previous fixed orthodontic 
treatment predict dental behaviour 
and knowledge in adulthood?” 

9th International Orthodontic Congress 
– Virtual Meeting. 

Digital 
poster 
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Appendix 4: Survey – Oral Health of Adults Entering their Fourth 
Decade 
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Appendix 5: Evidence of presentation of PhD research  

2016 – Australian Society of Orthodontists, SA Branch 
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2017 – American Association of Orthodontists 117th Annual Session   
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2017 – 57th International Association of Dental Research – Australia and New 
 Zealand Divisional Meeting, Adelaide, Australia 
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2018 – University of Malaya, Kuala Lumpur, Malaysia 
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2018 – Universiti Sains Malaysia, Kota Bharu, Malaysia 
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2018 – Florey Postgraduate Research Conference, Adelaide, Australia 
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2019 – 38th Australian Dental Congress, Adelaide, Australia 
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2019 – 38th Australian Dental Congress, Adelaide, Australia 
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2020 – Abstract. Colgate Research Day virtual poster competition. Adelaide,  
 Australia. 

 

WHAT ARE THE OUTCOMES OF ORTHODONTIC TREATMENT LATER IN LIFE? 

Introduction 

Patients mostly seek orthodontic treatment to correct crowding. Further expectations 

include increased dental knowledge, reduced caries risk, and higher psychosocial 

functioning. 

 

Aim 

To identify any differences in dental knowledge, behaviour, caries and psychosocial 

outcomes between adults based upon previous orthodontic treatment. 

 

Methods 

In 1988-1989, 3925 13-year-olds in South Australia had their baseline malocclusion 

recorded. In 2005-2006, 1859 of these participants, aged 30-years, were invited to the 

long-term observational, cross-sectional study. The University of Adelaide granted ethical 

approval. A self-completed questionnaire collected data on socio-demographics, dental 

health practices/knowledge, psychometric outcomes, past orthodontic treatment. Clinical 

examinations recorded DMFT scores. Data analysis comprised descriptive statistics, 

frequency distribution, cross-tabulation, unadjusted bivariate and adjusted multivariate 

models using negative binomial regression, simple linear regression, generalised linear 

regression and multivariate binomial logistic regression.  

 

Results 

Of 632 respondents, 448 (252 female) had valid questionnaire/clinical data. 73% earned 

<$80,000p.a., 44% held tertiary qualifications, 60% had a recent dental visit, 46% 

brushed twice daily, 35% were treated orthodontically. Adjusted models showed no 
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association between orthodontic treatment and regularity of oral hygiene measures, 

knowledge about or actual dental visits, or DMFT scores, regardless of baseline 

malocclusion. Untreated participants were more optimistic (Coefficient: 0.97; SE: 0.45), 

believing calcium prevents decay (Exp B: 1.99; 95%CI: 1.14-3.50). Lower-income earners 

had significantly lower disease prevention knowledge, poorer dental visiting attitudes 

(Coefficient: -1.88; SE: 0.43), more missing teeth (Exp B: 12.28; 95%CI: 2.90-51.90), and 

low scores for social support (Coefficient: -2.83; SE: 0.88) and optimism (Coefficient: -

1.16; SE: 0.49). Basic education was associated with infrequent toothbrushing (Exp B: 

0.25; 95%CI: 0.13-0.49), poorer dental visiting attitudes (Coefficient: -1.31; SE: 0.57), 

fewer non-emergency visits (Exp B: 0.17; 95%CI: 0.07-0.41), more decayed (Exp B: 2.80; 

95%CI: 1.80-4.35) and missing teeth (Exp B: 6.94; 95%CI: 3.21-14.99), lower self-efficacy 

(Coefficient: -2.34; SE: 0.61), perceived health competence (Coefficient: -2.17; SE: 0.69), 

social support (Coefficient: -2.69; SE: 1.18) and optimism (Coefficient: -1.83; SE: 0.66). 

Males brushed (Exp B: 0.64; 95%CI: 0.42-0.97) and flossed (Exp B: 0.23; 95%CI: 0.08-

0.69) infrequently, gave less importance to regular dental visits (Exp B :0.55; 95%CI: 

0.32-0.92), and had lower social support (Coefficient: -2.45; SE: 0.76).  

 

Conclusion 

Orthodontic treatment is not associated with better dental knowledge, behaviour, caries 

levels or psychosocial functioning in adulthood.  
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2020 –Florey Postgraduate Research Conference, Adelaide, Australia  
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2020 – Abstract. 9th International Orthodontic Congress 

 

DOES PREVIOUS FIXED ORTHODONTIC TREATMENT PREDICT DENTAL 
BEHAVIOUR AND KNOWLEDGE IN ADULTHOOD? AN AUSTRALIAN 

LONGITUDINAL STUDY. 
 
Introduction 
Fixed orthodontic treatment (FOT) typically lasts <2 years, with regular appointments at 
short intervals to monitor changes, adjust appliances, and periodic patient remotivation 
and education to maintain excellent oral hygiene standards to prevent dental disease. 
Although longitudinal studies show past FOT not affording better long-term dental health 
or psychosocial outcomes, the increased frequency of FOT appointments versus other 
dental visiting might influence a patient’s dental behaviour and knowledge in later life. 
 
Objectives 
Assess the influence of FOT on dental behaviour and knowledge. 
 
Aims 
The research hypotheses tested was previous FOT enhances dental behaviour and 
knowledge. 
 
Methods 
1859 30-year-olds who participated in an oral epidemiological study when aged 13-years 
were invited to a cross-sectional study investigating long-term oral health. Participants 
self-completed a questionnaire regarding socio-demographics (gender, income, 
education), dental health behaviours (oral hygiene habits, dental attendances), dental 
knowledge (prevention of caries and periodontal disease) and FOT. Data analysis 
comprised un/adjusted binomial logistic regression. 
 
Results 
Data for 448 participants (56% female, >1/3 received FOT) were analysed; adjusted 
models controlled for socio-demographics and malocclusion severity. There was no 
association between FOT and twice daily toothbrushing (Exp B: 1.35, 95%CI: 0.97-2.10), 
daily flossing (Exp B: 1.18, 95%CI: 0.48-2.90), dental attendance within last 2 years (Exp 
B: 0.96, 95%CI: 0.62-1.49) or a non-emergency dental visit (Exp B: 1.01, 95%CI: 0.51-
1.99). Concerning dental knowledge, non-FOT participants believed a calcium-rich diet 
prevents caries (Exp B: 1.99, 95%CI: 1.14-3.50, P<0.05).  
 
Conclusions 
Previous FOT does not enhance long-term dental behaviour, non-FOT participants were 
inclined to believe caries-staving myths.  
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Appendix 6: Media Release - Publication 5 

The University of Adelaide Media release: 

https://www.adelaide.edu.au/news/news104442.html 

 

Media coverage, originally printed in The Adelaide Advertiser newspaper. 
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Appendix 8: Media Release - Publication 6 

The University of Adelaide Media release: 

https://www.adelaide.edu.au/news/news107242.html 

 

3AW Radio interview:  

https://www.3aw.com.au/dental-work-doesnt-buy-happiness-study-finds/ 

 

Media coverage, originally printed in The Adelaide Advertiser newspaper. 
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Professional prizes, awards and scholarships 
2020 Fellowship – Faculty of Dental Surgery of the Royal College of Surgeons of Edinburgh. 

Elected without examination. This is the highest award by Britain’s oldest and largest Royal Surgical 

College, in recognition of clinical, teaching and research contributions to dentistry, particularly in 

orthodontics. 
  

2018 Learning Enhancement and Innovation Grant. 

 Awarded by The University of Adelaide to support the development of an e-resource to teach 

cephalometry to dental students. $2500. Resource introduced as blended-flipped learning in 2020.  
 

2017 JL Eustace International Travel Award.  

Awarded by the Adelaide Dental School. Recommended by the School’s scholarship committee to 

support a student of the school who is of outstanding merit to present their research findings at an 

international scientific conference. $2200. 
 

2015 - Australian Government Research Training Program Scholarship. 
This scholarship carries a full tuition fee subsidy for the Higher Degree by Research (Doctor of 

Philosophy).  
 

2013 King’s College London Research Support Fund.  
Administered by the External Strategy Committee. £600. 

 

2003 Laurence Usiskin Student Elective Prize winner. 
Awarded by the British Orthodontic Society. Scholarship awarded to pursue an elective in 

orthodontics where the project should involve a significant travel component with the prize-winner 

expected to spend time in an overseas centre. £1000. 
 

Farrar Prize in Oral Surgery. 

Awarded by The University of Manchester Dental School on the basis of the best performance in 

Oral Surgery during the 2nd, 3rd and 4th years of the BDS course and the results of the 4th BDS 

(Part II); special account being taken of performance in Oral Surgery. £50.  
 

British Dental Association – Research Elective Prize.  

Administered by British Medical and Dental Students’ Trust. £250. 
 

 Wesley Johnson Travel Fund.  

 Administered by The University of Manchester Dental School. £350.  
 

2002  Dental Student Award 2002 winner  

Awarded by Wrigley’s Oral Healthcare in Action, in conjunction with the British Dental Association, 

for designing the winning leaflet titled “Safer snacking for healthy teeth”. Competed for by student 

dentists, therapists and hygienists at dental schools in the UK and Ireland. £500. Cheque for £500 
also awarded to The University of Manchester Dental School. 
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