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Abstract 

 
Facial fractures are an indiscriminate type of injury that can occur irrespective of social 
demography; risk factors for such injuries are numerous and varied. These risk factors 
include but are not limited to age, sex, occupation, and behaviours. Understanding the 
epidemiology of this injury type may be beneficial to their management and prevention 
in an Australian context.  
 
Using clinical classification data for principal diagnosis upon hospital admissions for 
Australia, this thesis aimed to analyse patterns in facial fracture incidence in a given 
year and subsequently identify sex- and/or age-groups with higher incidences. A further 
aim was to analyse trends in facial fracture rates over a twenty-year period and identify 
risk factors contributing to incurrence of facial factors in certain groups. Finally, 
projections were made regarding the incidences and rates of facial fractures in the 
future.  
 
Two age groups were identified as high-risk for incurring facial fractures: young adult 
men and the elderly, particularly women. Nasal and mandibular fractures (respectively) 
were most affected for these groups. From 1997 to 2016, mandibular fractures in young 
men decreased whereas nasal fractures in the elderly increased. Alcohol consumption 
and falls were identified as key risk factors for facial fractures in young adult men and 
the elderly, respectively.  
 
Projections of facial fracture incidence showed young adult men continue a trend of 
decline. However, projections for the elderly show increases in incidences for all 
studied bones. This is concerning, especially given the ageing and growing population 
of Australia.  
 
Facial fractures are a health problem that will exist for the foreseeable future. However, 
a proportion of these injuries can likely be reduced through the implementation of 
better policies. The results of this thesis indicate an imminent need for change and 
strategy development in the areas of aged care and fall prevention. If trends in 
associated risk factors for facial fractures do not change, increases in injury to the 
elderly will become a great burden on the Australian health system. Research must 
continue so as to better understand how to manage and minimise these risk factors 
and prevent injuries in the elderly.  
  



v 
 

Contents 

Thesis Declaration ....................................................................................................................... iii 

Abstract ....................................................................................................................................... iv 

List of Tables ................................................................................................................................ ix 

List of Figures .............................................................................................................................. xi 

List of Abbreviations ................................................................................................................. xiv 

Acknowledgements .................................................................................................................... xv 

Statement of Candidate Contribution....................................................................................... xvi 

Chapter 1. ..................................................................................................................................... 1 

1. Introduction ..................................................................................................................... 2 

Chapter 2. ..................................................................................................................................... 5 

2. Literature Review ............................................................................................................. 6 

2.1 What are facial fractures? ........................................................................................ 6 

2.1.1. Nasal bone ........................................................................................................ 8 

2.1.2. Orbital floor ...................................................................................................... 8 

2.1.3. Malar & maxilla ................................................................................................ 9 

2.1.4. Mandible .......................................................................................................... 9 

2.2. Causes of facial fractures ....................................................................................... 10 

2.3. Alcohol as a risk factor for facial fractures ............................................................. 12 

2.4. Falling as a risk factor for facial fractures .............................................................. 13 

2.5. The Australian population ...................................................................................... 16 

2.6. Previous trends in the Australian population ........................................................ 16 

2.7. Geographical distribution and facial fractures ....................................................... 18 

2.8. Clinical classification ............................................................................................... 21 

2.8.1. ICD-10-AM ...................................................................................................... 21 

2.8.2. AR-DRG ........................................................................................................... 21 

Chapter 3. ................................................................................................................................... 22 

3. Aims and Hypotheses ..................................................................................................... 23 

3.1. Aims ........................................................................................................................ 23 

3.1.1. Patterns in facial fractures across the whole Australian population: ............ 23 

3.1.2. Trends in facial fractures over twenty-year (1996 – 2016) period: ............... 23 

3.1.3. Adult Australian males: .................................................................................. 24 

3.1.4. Alcohol consumption: .................................................................................... 24 

3.1.5. Elderly Australians: ......................................................................................... 25 



vi 
 

3.1.6. Falls: ............................................................................................................... 25 

3.1.7. Future projections: ......................................................................................... 25 

3.2. ...................................................................................................................................... 26 

Chapter 4 .................................................................................................................................... 28 

4. Materials and Methods .................................................................................................. 29 

4.1. Ethics ...................................................................................................................... 29 

4.2. Hospitalisation data ............................................................................................... 29 

4.3. Principal diagnosis data .......................................................................................... 30 

4.4. Population data and rates ...................................................................................... 30 

4.5. Projections ............................................................................................................. 31 

4.6. Statistical analysis .................................................................................................. 31 

Chapter 5 .................................................................................................................................... 33 

5. The epidemiology and distribution of facial fractures in Australia in 2016 ................... 34 

5.1. Abstract .................................................................................................................. 34 

5.2. Introduction ........................................................................................................... 35 

5.3. Methods ................................................................................................................. 36 

5.4. Results .................................................................................................................... 37 

5.4.1. Population overview ...................................................................................... 37 

5.4.2. Sex-specific comparisons ............................................................................... 38 

5.4.3. Facial bone-specific comparisons ................................................................... 40 

5.5. Discussion ............................................................................................................... 42 

5.6. Conclusion .............................................................................................................. 45 

Chapter 6 .................................................................................................................................... 46 

6. A Longitudinal Epidemiological Analysis of Facial Fractures in Australia from 1997 to 
2016 ....................................................................................................................................... 47 

6.1. Abstract .................................................................................................................. 47 

6.2. Introduction ........................................................................................................... 48 

6.3. Methods ................................................................................................................. 49 

6.4. Results .................................................................................................................... 51 

6.4.1. Overview of trends ......................................................................................... 51 

6.4.2. Sex-specific comparisons ............................................................................... 53 

6.4.3. Nasal fractures ............................................................................................... 54 

6.4.4. Mandibular fractures ..................................................................................... 55 

6.4.5. Malar & maxilla fractures ............................................................................... 56 

6.4.6. Orbital floor fractures .................................................................................... 57 

6.5. Discussion ............................................................................................................... 59 



vii 
 

6.6. Conclusion .............................................................................................................. 63 

Chapter 7 .................................................................................................................................... 65 

7. Alcohol consumption as a risk factor for facial fractures in adult Australian men ........ 66 

7.1. Abstract .................................................................................................................. 66 

7.2. Introduction ........................................................................................................... 67 

7.3. Methods ................................................................................................................. 69 

7.4. Results .................................................................................................................... 70 

7.4.1. Overview of trends ......................................................................................... 70 

7.4.2. Nasal fractures ............................................................................................... 77 

7.4.3. Mandibular fractures ..................................................................................... 77 

7.4.4. Malar & maxilla fractures ............................................................................... 78 

7.4.5. Orbital floor fractures .................................................................................... 78 

7.5. Discussion ............................................................................................................... 79 

7.6. Conclusion .............................................................................................................. 84 

Chapter 8 .................................................................................................................................... 85 

8. Falls as a risk factor for facial fractures in elderly Australians ....................................... 86 

8.1. Abstract .................................................................................................................. 86 

8.2. Introduction ........................................................................................................... 87 

8.3. Methods ................................................................................................................. 89 

8.4. Results .................................................................................................................... 91 

8.4.1. Fall-related hospitalisation rates.................................................................... 91 

8.4.2. Age-specific comparisons ............................................................................... 93 

8.4.3. Nasal fractures ............................................................................................... 96 

8.4.4. Mandibular fractures ..................................................................................... 96 

8.4.5. Malar & maxilla fractures ............................................................................... 97 

8.4.6. Orbital floor fractures .................................................................................... 97 

8.5. Discussion ............................................................................................................... 97 

8.6. Conclusion ............................................................................................................ 100 

Chapter 9 .................................................................................................................................. 102 

9. Projections for Australia’s Future Facial Fractures. ..................................................... 103 

9.1. Abstract ................................................................................................................ 103 

9.2. Introduction ......................................................................................................... 104 

9.3. Methods ............................................................................................................... 106 

9.4. Results .................................................................................................................. 108 

9.4.1. Overview of trends ....................................................................................... 108 

9.4.2. Mandibular fractures in young adult men ................................................... 108 



viii 
 

9.4.3. Nasal fractures in the elderly ....................................................................... 111 

9.5. Discussion ............................................................................................................. 116 

9.6. Conclusion ............................................................................................................ 118 

Chapter 10 ................................................................................................................................ 120 

10. Discussion ................................................................................................................. 121 

10.1. Introduction ..................................................................................................... 121 

10.2. Key Findings...................................................................................................... 121 

10.3. Addressing the hypotheses .............................................................................. 122 

10.4. Indigenous Australians ..................................................................................... 124 

10.5. Ageing ............................................................................................................... 125 

10.6. Alcohol consumption ....................................................................................... 127 

10.7. Falls................................................................................................................... 129 

10.8. Nasal fractures ................................................................................................. 129 

10.9. Mandibular fractures ....................................................................................... 130 

10.10. Facial fractures in an Australian context .......................................................... 130 

10.11. In the context of international studies............................................................. 131 

10.12. Future Projections ............................................................................................ 132 

10.13. Limitations ........................................................................................................ 133 

10.14. Future research ................................................................................................ 134 

10.15. Conclusions ...................................................................................................... 136 

References................................................................................................................................ 138 

 

  



ix 
 

List of Tables 

 

 

Table 2.1: Summary of results from global aetiological studies of facial fractures…… 10 

 

Table 2.2: Percentage Increase in number of elderly Australians between census 

periods 1997 – 2001, 2002 – 2006, 2007 – 2011, and 2012 – 2016……………………....... 17 

 

Table 5.1: Facial fracture rates (incidence per 100 000 persons) in 2016 in Australia 

by age and sex………………………………………………………………………………………………………… 39 

 

Table 6.1: Percentage change of fracture rates from 1997 – 2000 (average) to 2013 

– 2016 (average)……………………………………………………………………………………………………… 53 

 

Table 7.1: Correlation coefficients for alcohol consumption and facial fracture rates 

for the age group with highest rates for facial bones (nasal: 15 – 19; mandible, 

malar & maxilla, orbital floor: 20 – 24)……………………………………………………. 71 

 

Table 8.1. Correlation co-efficients for fall-related hospitalisation rates from 1999 

to 2016 between sexes……………………………………………………………………………………………. 92 

 

Table 8.2: Average yearly rate increases in fall-related hospitalisation rates for 

elderly age groups from 2000 to 2016…………………………………………………………………….. 92 

  

 



x 
 

Table 8.3: Correlation co-efficients for facial fracture rates and fall-related 

hospitalisation rates for elderly Australians by age and sex…………………………………….. 

 

95 

 

Table 8.4: Correlation co-efficients for facial fracture rates and fall-related 

hospitalisation rates for young adult Australians by age and sex…………………………….. 95 

 

Table 9.1: Projected number of mandibular bone fractures in young adult 

Australian men based on 5- and 20-year linear regressions of previous rates & R2 

value for each regression………………………………………………………………………………………… 110 

 

Table 9.2: Projected number of nasal bone fractures in elderly Australian women 

based on 5- and 20-year linear regressions of previous rates & R2 value for each 

regression………………………………………………………………………………………………………………... 113 

 

Table 9.3: Projected number of nasal bone fractures in elderly Australian men 

based on 5- and 20-year linear regressions of previous rates & R2 value for each 

regression………………………………………………………………………………………………………………… 115 

 

 

  



xi 
 

List of Figures 

 

Figure 2.1: Age-standardised rates for hospitalised fall-related injury cases, by 

selected body region of injury, by sex, 2007–08 to 2016–17………………………………….… 15 

 

Figure 2.2. Australian elderly (age 65+) population by sex over successive Census 

years………………………………………………………………………………………………………………………… 17 

 

Figure 2.3. Age and sex distribution of Australians in capital cities versus the rest of 

the country (ABS, 2019)…………………………………………………………………………………………… 18 

 

Figure 5.1: Fracture rates for Mandible, Maxilla, Malar and Nasal bones in Australia 

in 2016…………………………………………………………………………………………………………………….. 38 

 

Figure 5.2: Fracture rates shown as the proportion (%) of total fractures for each 

sex in 2016.……………………………………………………………………………………………………………… 39 

 

Figure 5.3: Female and male nasal, mandible, malar & maxilla, and orbital floor 

fracture rates for 2016.……………………………………………………………………………………………. 41 

 

Figure 6.1: Average nasal, mandible, malar & maxilla, and orbital floor fracture 

rates over time by sex.…………………………………………………………………………………………….. 52 

 

Figure 6.2: Female and male nasal fracture rates (incidence per 100 000 persons) 

over time (1997 – 2016).…………………………………………………………………………………………. 

 

 

55 



xii 
 

 

Figure 6.3: Female and male mandible fracture rates (incidence per 100 000 

persons) over time (1997 – 2016)……………………………………………………………………………. 56 

 

Figure 6.4: Female and male malar & maxilla fracture rates (incidence per 100 000 

persons) over time (1997 – 2016)……………………………………………………………………………. 57 

 

Figure 6.5: Female and male orbital floor fracture rates (incidence per 100 000 

persons) over time (1997 – 2016)……………………………………………………………………………. 59 

 

Figure 7.1: Nasal fracture rates and alcohol consumption 1997 - 2016…………………….  73 

 

Figure 7.2: Mandible fracture rates and alcohol consumption 1997 - 2016……………… 74 

 

Figure 7.3: Malar & maxilla fracture rates and alcohol consumption 1997 - 2016…….  75 

 

Figure 7.4: Orbital Floor fracture rates and alcohol consumption 1997 – 2016……….. 

 

76 

 

Figure 8.1: Fall-related hospitalisation rates (per 100 000 persons) in Australians 

aged 65+ from 1999 to 2014……………………………………………………………………………………. 92 

 

Figure 8.2: Fracture rates for Australian females aged 65+ from 1999 – 2014…………. 94 

 

Figure 8.3: Fracture rates for Australian males aged 65+ from 1999 – 2014…………. 94 

  



xiii 
 

Figure 9.1: Historical and predicted mandibular fractures using 10- and 5-year 

linear regressions in young Australian adult males………………………………………………….. 

 

109 

 

Figure 9.2: Historical and predicted nasal fractures using 20- and 5-year linear 

regressions in elderly Australian females…………………………………………………………………. 112 

 

Figure 9.3: Historical and predicted nasal fractures using 20- and 5-year linear 

regressions in elderly Australian males……………………………………………………………………. 114 

  



xiv 
 

List of Abbreviations 

 

ABS – Australian Bureau of Statistics  

AIHW – Australian Institute of Health and Welfare  

DRG – Diagnosis Related Group 

GIS – Geographic Information Systems 

ICD – International Classification of Disease – 10th Edition, Australian Modification (ICD-

10-AM) 

IPV – Interpersonal violence 

NCCH – National Centre for Classification in Health  

NHMRC – National Health and Medical Research Council  

RTA – Road traffic accident  

SES – Socio-economic status  

WRI – Work-related incident  



xv 
 

Acknowledgements 

 

Part-way through this degree, my husband, Matthew Eton, was diagnosed with a cancer 
recurrence. What followed has been the most challenging period of our lives – a period 
that has only become more difficult over time. Writing this thesis whilst also being the 
full-time, primary carer for my husband and dealing with the implications and 
complications of his illness has been an experience, to say the least. My brilliant 
supervisors have always been incredibly supportive and inspiring, but their support has 
truly shone through during these testing times. 
 
Foremost, I must thank Marc Tennant, who has an indispensable wealth of knowledge 
and experience; anyone who has ever interacted with him can attest to that. What 
makes Marc such an amazing PhD supervisor though, is his genuine care for students. 
Not only has Marc helped me to navigate the PhD world, he and his partner Kate have 
also been a great source of personal support for us, something which I am incredibly 
thankful for.  
 
Estie Kruger has been the voice of reason since I began this endeavour. She always has 
a thorough and tactful answer to my questionable questions, and her guidance has 
been so helpful in every aspect of planning and writing this thesis. I have a great deal 
of respect for Estie both as an academic and as a person and am inspired by the 
dedication she has to her work.  
 
John McGeachie: the man, the myth, the legend. I must thank John sincerely for his 
meticulous guidance regarding the writing of my thesis. I am grateful and humbled to 
have been able to benefit from John’s insight, experience, and kindness.  
 
The best advice I was given when starting this PhD was to choose good supervisors 
above all else. Given my circumstances, without the support and care of my amazing 
supervisors, there is no way I would have been able to complete this thesis.  
 
Finally, my husband, Matt, who is the best person in the world, has been a constant 
source of encouragement, inspiration, and love. Regardless of his physical ailments, 
Matt has been there to fix every Excel problem, soothe every tantrum, and provide his 
opinion on every trivial point I bring up. Despite me being his carer on paper, Matt is 
the one who has kept me going throughout this journey; he is the motivation for 
everything I do. Thank you for your patience and unfaltering support.  
 
Thank you and sorry to anyone who has asked me “How’s your PhD going?” •_•  
 
This research is supported by an Australian Government Research Training Program 
(RTP) Scholarship  



xvi 
 

Statement of Candidate Contribution 

 

I hereby declare that all of the included work in this thesis in entirely my own. This 

research was conducted under the supervision of Associate Professor Estie Kruger, 

Winthrop Professor Marc Tennant, and Emeritus Professor John McGeachie. For all 

papers submitted to journals for publication, my contribution was 85%.  

 

 

 

Max Qua 
BSc MBiomedSC(Dist) 
 

Associate Professor Estie Kruger 
School of Human Sciences 

Winthrop Professor Marc Tennant 
School of Human Sciences 
 

Emeritus Professor John McGeachie 
School of Human Sciences 
 
  



1 
 

Chapter 1. 

 

1. Introduction  
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1. Introduction 

 

Trauma-related injury has been and will always be a health concern for humans. Due 

to their often-accidental nature, mechanisms of injury for bone fractures and trauma 

are difficult to prevent entirely. That said, strategies can and should be established and 

implemented to reduce and manage these injuries. In order for strong policy 

development, there must be a firm understanding of the demographics of a population 

and the risk factors for an injury type, such as age, sex, social demography, geographical 

distribution, behaviour and habits, occupation, and pre-existing health issues.   

 

Facial fractures are commonly encountered in the practice of emergency medicine and 

are often associated with high morbidity resulting from various degrees of physical, 

functional and cosmetic consequences.  Previous Australian studies reported high 

numbers of people being hospitalised for facial fractures (Jamieson et al., 2008, 

O’Meara et al., 2011, Kruger and Tennant, 2016). The treatment of facial fractures both 

in Australia and internationally is costly and increasing over time (Abubaker and Lynam, 

1998, Erdmann et al., 2008, Dillon et al., 2012). Facial trauma management and care 

also involve several specialist groups, and subspecialities for pre-operative, operative 

and postoperative care (Erdmann et al, 2008; Dillon et al., 2012). 

 

The Australian population and healthcare system presently contains inequities. Socio-

economic status, age, sex, consumption of alcohol, compliance with road traffic 

legislation, interpersonal violence, and osteoporosis are identified factors that are 

associated with facial fracture incidence (Dongas and Hall, 2002, Ogundare et al., 2003, 
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Lee, 2009, Emodi et al., 2018). For Australia however, Indigenous status and rurality are 

also indicators of disproportionately high levels of hospitalisations due to injuries 

(Kruger et al., 2006). It is hoped that this thesis will provide some level of guidance by 

identifying demographic groups in Australia that are at high-risk of sustaining facial 

fractures.  

 

The demography-related incidence and aetiology of facial fractures varies between 

different countries due to varying prevalence of contributing factors. In some countries, 

research has indicated interpersonal violence as the leading cause of facial fractures 

(Hwang and You, 2010, Kontio et al., 2005). In other countries, road traffic accidents 

are the main contributor to facial fractures (Motamedi et al., 2014, Kyrgidis et al., 2013, 

Carvalho et al., 2010a). Falls, sport, and work-related incidents are also significant 

causes of facial fractures that have been identified (Bataineh, 1998, Jin et al., 2018, 

Hwang and You, 2010). Previous international studies have also indicated that there is 

a higher frequency of facial fractures among males and younger adults (Salentijn et al., 

2014, Boffano et al., 2015, Mijiti et al., 2014). Facial fractures in children, however, are 

not common and injuries tend to be less severe in young children than in older children 

(Iida et al., 2001, Iida and Matsuya, 2002).  

  

It is known that excessive alcohol consumption is a problem rampant in Australia, and 

that this is a country that has a significant drinking culture (Simonet, 2014, AIHW, 

2020a). Previous research has indicated a relationship between alcohol and substance 

abuse and facial fractures (Leathers et al., 2003, Chrcanovic, 2012). This study will aim 

to investigate that relationship in the context of Australia as a whole.  
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The global standard for principal diagnosis hospitalisation clinical coding is the 

International Classification of Disease (ICD-10-AM). All Australian hospital admissions 

are recorded using this coding system. Hospital admission data are stored as 

government datasets that are used for quality assurance of hospitals, and to determine 

hospital finding. Hence, there is much stringency surrounding the maintenance of those 

datasets (NCCH, 2019). Australia also has a reliable government-funded statistical 

database in the Australian Bureau of Statistics, which gathers much of its population 

data through Census surveys. These four-yearly surveys are massive undertakings for 

which great care is taken to ensure data quality (ABS, 2006). 

 

In Australia, what are the demographic groups at highest risk of incurring facial 

fractures? Which facial bones are most affected, and what are some associated risk 

factors for their injury? If things do not change, what are the upcoming trends in facial 

fracture occurrences? It is intended that this thesis will obtain and analyse open-access 

data to answer those questions and provide evidence on which to base the 

development of policies and strategies that can contribute to the prevention and 

minimisation of facial fracture incidences. Hopefully, resources spent on the treatment 

and management of fractures can be allocated accordingly to provide improved 

accessibility and availability of healthcare services where they are needed most.  
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Chapter 2.  

 

2. Literature Review  
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2. Literature Review 

2.1   What are facial fractures? 
 

Trauma is a leading cause of hospitalisation in Australia. Facial fractures are fractures 

or breaks that occur in the facial skeleton, which encompasses fourteen bones: the 

nasal, lacrimal, palatine, inferior nasal concha, malar, maxillary bones, which form 

bilateral pairs, and the mandible and vomer bones. Of these bones, the nasal, mandible, 

malar, and maxillary bones are most frequently fractured (Emodi et al., 2018, Carvalho 

et al., 2010b, Motamedi et al., 2014). As such, these bones along with the orbital floor 

(which is made up of parts of the maxillary, malar, and palatine bones) are the bones 

of focus for this thesis.  

 

Facial fractures can be essential indicators of a great number of socio-economic, 

demographic, education, and lifestyle factors (Kruger and Tennant, 2016). The nature 

of these fractures may be reflective of other injuries (Allareddy et al., 2011) that are 

acquired via similar means (for example fractures to the hip and wrist bones due to 

falling). It is therefore imperative that the epidemiology of facial fractures be studied 

to better understand and project outcomes not only to better manage facial fractures, 

but also for Australia’s general health.  

 

Unlike many other health conditions such as communicable diseases, facial fractures 

can occur diffusely and, to an extent, in a more random manner in that an individual’s 

risk of incurring such an injury may be less predictable. This is in part because the 

mechanics of facial fractures are such that an individual may incur an injury due to 
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different reasons and despite their socio-demographic background (Boffano et al., 

2014, Chrcanovic, 2012).  

 

Injuries such as facial fractures may have multiple causes. Naturally, blunt force trauma 

is the ultimate cause of the overwhelming majority of all bone fractures, but the causes 

of this trauma can vary greatly. Though facial fractures may arguably be grouped as one 

injury type, fractures of separate bones should be considered individually to better 

understand their underlying causes. Fractures in each of the facial bones of focus are 

associated with different risk factors; for example, falls are a leading cause of nasal 

bone fractures, whereas road accidents often cause maxillary bone fractures (Hwang 

et al., 2017, Kruger and Tennant, 2016).   

 

Extensive research has been conducted globally regarding the aetiology of facial 

fractures. However, currently, no studies regarding the epidemiology of facial fractures 

of an entire nation exists. The purpose of this thesis is to use the existing aetiological 

information to frame a large-scale investigation into the patterns, trends, and 

projections of facial fractures in Australia as a whole. At-risk  groups will be identified, 

as will their associated risk factors. This is important especially given the impact of facial 

fractures on quality of life, for example, such injuries may have severe implications for 

an individual’s physical and mental wellbeing by limiting mastication or causing changes 

to the aesthetics of one’s face. Facial fractures can also be complicated to treat and are 

therefore often associated with a range of direct and indirect economic costs. As such, 

the epidemiology of facial fractures must be better understood so measures may be 

put in place to alleviate this health problem in Australia.  
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2.1.1. Nasal bone  

The nasal bone is situated in the midface, articulating with the frontal and ethmoid 

bones (cranial bones), and laterally with the maxillary bone (facial bones). The nasal 

bone is technically comprised of a pair of bilateral bones articulating medially at the 

internasal suture. However, for the purposes of this thesis, they are considered as one 

(i.e. no differentiation is made for fractures incurred by one or both sides in a single 

isolated incident). The nasal bone forms the bridge of the nose and is essential in 

maintaining the structure of the nasal cavity.  

 

The nasal bone has a protuberant position on the face, which makes it more prone to 

injury. Due to the key role of the nasal bone in maintaining the shape and structure of 

the nose, injuries involving this bone can often affect the aesthetics of an individual, 

sometimes resulting in permanent deformities (for example: boxers, MMA fighters, 

etc.). Relative to the other bones of focus in this thesis however, complications 

resultant of nasal bone fractures tend to be less functionally devastating except in very 

severe cases (Koh et al., 2016).  

 

2.1.2. Orbital floor 

The maxillary, malar, and palatine bones constitute the orbital floor. The orbital floor 

forms part of the orbital cavity which houses the eyeball, and is the most frequently 

and easily fractured part of the orbit (Kim and Jeong, 2016). Due to its proximity to and 

position around the eyeball, more severe injuries to the orbital floor may lead to 
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functional issues with the eyeball and extraocular muscles, blood vessels, and nerves. 

These issues are evidently closely tied with an individual’s ability to see, and depending 

on the severity of the injury, may even cause blindness. 

 

2.1.3. Malar & maxilla 

The malar and maxilla are two facial bones that articulate. Due to their relative 

positioning, fractures of either bone are counted together for the purposes of this 

study. The malar bone is also known as the cheekbone or the zygomatic bone. It is 

situated laterally and inferiorly to the orbital cavity, and its anteriorly-curving arch 

slightly protrudes from the rest of the face. The maxilla is the upper jaw and holds the 

upper teeth. It is the central bone of the face and consists of two bilateral bones which 

articulate medially.  

 

2.1.4. Mandible 

The mandible, colloquially known as the lower jawbone, is the largest bone of the face. 

It is essential for mastication and holds the lower teeth in place. The mandible 

articulates bilaterally with the temporal bone (cranial) on either side of the cranium 

and forms the temporomandibular joint.  

 

Mandibular fractures are rarely isolated to one location. Relative to the other bones of 

focus, injuries involving the mandible can be more difficult to manage. Usually (in 

around 60% of cases), breaks occur in two locations on the bone (Murray, 2013). 

Furthermore, due to the mandible being the main bone involved in mastication, it has 
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numerous muscle attachments. The contractions of these muscles result in 

compression or tension and can displace the fragments of the bone in more than one 

plane. This is obviously problematic and unconducive to healing in a fractured bone.  

 

The nature of mandibular fractures is such that even in the case of small fractures, the 

entire mandible is often rendered out of action for a set amount of time until treatment 

and healing is completed; this time period is dependent on the nature and severity of 

the injury. It is important to note that the teeth may often by displaced by a mandibular 

fracture. This, along with the other described consequences, can be severely 

incapacitating for an affected individual.  

 

2.2. Causes of facial fractures 
 

Facial fractures occur due to trauma to the face or head region. This can include 

sporting injuries or workplace accidents. The largest proportion of facial fractures, 

however, result from road traffic accidents (RTA), interpersonal violence (IPV), and 

falling (Table 1).  

Table 2.1: Summary of results from global aetiological studies of facial fractures. IPV: 
interpersonal violence; RTA: road traffic accident; WRI: work-related incident.   
 

Author Location Year Sample 
Size 

M:F Highest 
age/sex 

Aetiology (%) 

Kontio, R et 
al. 

Helsinki, 
Finland 

1981 318 2.8:1 31 - 40 IPV 42, RTA 26, other 
25, sport 7 

Kontio, R et 
al. 

Helsinki, 
Finland 

1997 407 3:1 41 - 50 IPV 42, RTA 26, other 
27, sport 4, suicide 1 

Hogg, N. J. V. 
et al 

Ontario, 
Canada 

1992 - 
1997 

2969 3:1 21 - 30 RTA 70% 

Bataineh, A. 
B. 

Irbid, 
Jordan 

1992 - 
1997 

563 3:1 20 - 29 RTA 55.2, falls 19.7, 
IPV 16.9, sport 6 

Alvi, A. et al. Chicago, 
USA 

1996 - 
2000 

151 6.9:1 
 

RTA 45.7, IPV 41.7, 
falls 10.6 
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Hwang, K., 
You, S. H. 

Incheon, 
South Korea 

1996 - 
2007 

2094 4:1 21 - 30 IPV 49.4, falls 14.5, 
RTA 14.5, sport 11.3, 
WRI 7.6 

Kyrgidis, A. et 
al 

Northern 
Greece 

1998 - 
2008 

1239 4.4:1 - RTA 68.8, sport 17.1, 
IPV 7.3, falls 4.3, WRI 
2.4 

Adsett, L. et 
al. 

New 
Zealand 

1999 - 
2009 

26637 4:1 20 - 29 IPV 37.7, sport/other 
32.3, falls 17.2, RTA 
15.8 

Salentijn, E. 
G. et al 

Amsterdam, 
Netherlands 

2000 - 
2010 

579 2.4:1 20 - 29 RTA 37.5, IPV 21.3, 
falls 17.1 

Carvalho, T. 
B. O. et al 

Brazil 2002 - 
2008 

355 3.9:1 18 - 40 
(M) 

RTA 41.1, IPV 27.9, 
falls 16.3, 

Mijiti, A. et al Xinjian, 
China 

2006 - 
2010 

1350 4.9:1 21 - 30 RTA 47.6, IPV 17.5, 
falls 22.1,sport 3, 
WRI 1.7 

Motamedi, 
M. H. K. et al 

Iran 2007 - 
2012 

8818 5.3:1 21 - 30 RTA 63.8, falls 14, IPV 
8.7, sport 2.2, WRI 
2.1, warfare 0.5 

Jin, K. et al Seoul, 
South Korea 

2010 - 
2017 

2076 3:1 10 - 39 
(M) 

falls 41.7, IPV 28.8; 
sport 10.7, RTA 10 

Boffano, P. et 
al 

Europe 2013 3396 3.6:1 - IPV 39, falls 31, RTA 
11, sport 11, WRI 3 

 

Not only do different bones have different risk factors associated with fractures, the 

probability of an individual’s exposure to certain facial fracture-associated risk factors 

also changes with their social demography and environment. Young children and the 

elderly, for example, are more likely to be injured due to falling, whereas able-bodied, 

healthy adults are more likely to be injured in road and occupational accidents or 

partake in risk-taking behaviours which increase injury risk (Malmivaara et al., 1993, 

Leather, 2009, Gale et al., 2016). It is thus important to study the epidemiology of facial 

fractures to have a clearer understanding of the relationship between such injuries and 

their risk factors. This will give better insight into the short-and long-term health 

outcomes and economic consequences of facial fractures.  
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The incidence and aetiology of facial fractures can vary between different countries and 

regions due to the reasons listed above. This may explain the variance in results seen 

between studies in Table 2.1. However, the trends and patterns of these small- and 

large-scale aetiological studies from around the world are highly comparable and 

reflective of each other. Of the various global studies included in Table 2.1, the M:F 

ratio for facial fractures ranges from 2.4:1 (Netherlands), (Salentijn et al., 2014) to 6.9:1 

(USA), (Alvi et al., 2003), with an average ratio of 3.9:1. These studies also consistently 

showed RTA and IPV to be the largest contributors to facial fractures.  

 

2.3. Alcohol as a risk factor for facial fractures 
 

Alcohol poses a substantial burden on public health: high levels of preventable 

morbidity and mortality attributable to the consumption of alcohol have long been 

well-known and well-documented (Rehm et al., 2009). In the twenty-first Century, 

numerous policies and strategies have been implemented at the State and Federal level 

in Australia to varying degrees of effectiveness.  

 

Unlike it does for cirrhosis of the liver, hypertension, diabetes, and the like, the 

consumption of alcohol does not directly cause facial fractures (AIHW, 2020a). 

However, it is a known risk factor for injuries caused by blunt force trauma, including 

injuries to the head (Moore, 2005, Lin et al., 2014, Afshar et al., 2015). As alcohol 

consumption is so strongly linked to relevant and related injuries, it would be remiss 

not to investigate its relationship with facial fractures.  
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Adsett et al. conducted a longitudinal study of trends in facial fractures in New Zealand 

from 1999 to 2009 (Adsett et al., 2013). With regards to high-risk demographic groups 

and aetiology, the results of this study are consistent with many of those featured in 

Table 2.1: Adsett et al. reported a M:F ratio of 4:1, age group of highest fracture rate of 

20 – 29 years, and IPV being the leading cause of fractures at 38%. However, this paper 

also identified the peak of fracture incidences to have coincided with the legal age for 

purchasing alcohol. The emphasis placed on the effects of alcohol on facial fractures 

was based upon its wide availability, a culture increasingly accepting of binge drinking 

(Campbell, 2000), and importantly, the lowering of the legal alcohol purchasing age in 

New Zealand from 20 to 18 years in 1999. Social demography and alcohol consumption 

trends are highly comparable between Australia and New Zealand (Stewart, 1997). 

Based on the conclusions drawn by this paper, it would be pertinent to keep the role of 

alcohol in mind when investigating patterns in Australian facial fractures based on 

longitudinal data.  

 

2.4. Falling as a risk factor for facial fractures  
 

In most aetiological studies, falls are not the leading cause of facial fractures. However, 

they are a constant and consistent contributor to this injury type (see Table 2.1). Unlike 

alcohol consumption, falling is less predictable and can occur spontaneously and 

irrespectively of demography, so it is more difficult to enact preventative measures to 

reduce fall incidence. There are of course, factors associated with an increased risk of 

falling, the greatest of which is age (Hartholt et al., 2010). Sex is also a known major risk 

factor for falling, as women have both a higher risk of falling and a higher risk of 
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incurring an injury as a result of falling (Campbell et al., 1990, Peel et al., 2002). In a 

study on the elderly in the U.S.A., Stevens and Sogolow found that women were 2.2 

times more likely than men to incur a bone fracture from falling (Stevens and Sogolow, 

2005). As such, elderly women are the most high-risk group for falling, facial fractures, 

and incurring facial fractures due to falling.  

 

The AIHW publishes a regular publication (annual release 2004 – 2005 to 2010 – 2011; 

biennial release 2011 – 2012 to 2016 – 2017) on hospitalisations due to falls in elderly 

Australians. In reviewing these publications, it is clear that the raw number of 

hospitalisation instances in the elderly due to falls is increasing; this should not 

necessarily be a great cause for alarm, as the overall population of elderly Australians 

is also increasing. The 2016 – 2017 report started that the average annual increases in 

fall-related hospitalisations over a decade from 2006 – 2007 to 2016 – 2017 for men 

and women over the age of 65 were 3.4% and 2.1% respectively (AIHW, 2019d). Annual 

population increases for elderly men and women over the same decade were around 

2.9% and 2.3% respectively (calculated using census population data). That said 

however, cases of fall-related head injuries adjusted for population (per 100 000 

individuals) are also increasing and at a much higher rate that injuries to other parts of 

the body (Figure 2.1).  
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Source: AIHW 2019. Trends in hospitalised injury due to falls in older people, 2007–08 to 2016–
17. Injury research and statistics series no. 126. Cat. no. INJCAT 206. Canberra: AIHW p11.  
 
Figure 2.1: Age-standardised rates for hospitalised fall-related injury cases, by selected body 
region of injury, by sex, 2007–08 to 2016–17. (Note: orange line indicates female cases/100 
000 population; blue line indicates male cases). 
 

Australia has an ageing population (ABS, 2018d). Because the elderly are a demographic 

group particularly vulnerable to incurring facial fractures and similar injuries, it is 

especially crucial to better understand the mechanisms of injury for facial fractures in 

the elderly along with their associated risk factors.  
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2.5. The Australian population 
 

The overall population of Australia has grown steadily since late last Century. However, 

increases in the population of the elderly were disproportionately high and increased 

with age: the number of Australians aged 85 and over had the greatest increase of 

around 110% over the twenty years. The proportion of the population aged over 65 

rose from 12.4% to 16.3% from 2000 to 2020 (ABS, 2020). These statistics all support 

what is already well-known: that Australia has an ageing population.  

 

Men very slightly outnumber women at birth (around 106 males are born per 100 

females) but by age 30, there are just under 100 men for every 100 women; this change 

is attributable to the higher mortality rates of young adult and adult males. 

Simultaneously however, there is also an influx of male immigrants of working age that 

slightly boosts the overall male population. The M:F population ratio decreases 

markedly in the elderly. By the 85+ years age group, there are only around 63 men for 

every 100 women (ABS, 2020).  

 

2.6. Previous trends in the Australian population  
 

According to the ABS, the population of Australia has grown by about 1.5% per year 

(net) for the past twenty years; census data for 1997 – 2001 and 2012 – 2016 stated 

the total population to be 18 972 350 and 23 401 901 respectively for those time 

periods, giving a total increase of 23.3% (ABS, 2020). Notably, the number of elderly 

Australians increased by a greater percentage each subsequent census period: 
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Australians aged over 65 had a total population increase of 53.9% from 1997 – 2001 to 

2012 – 2016 (Figure 2.2, Table 2.2).  

 

 
Figure 2.2. Australian elderly (age 65+) population by sex over successive Census years 
 

Table 2.2: Percentage Increase in number of elderly Australians between census periods 1997 
– 2001 (A), 2002 – 2006 (B), 2007 – 2011 (C) and 2012 – 2016 (D). F = female; M = male; T = 
total. 
 

 

 

 

 
 

There are more young Australians residing in capital cities, and more old Australians 

living regionally. This gap is increasing, as a greater proportion of younger Australians 

are moving to capital cities from regional areas, and more Australians of retirement age 

are moving out of urban areas (Figure 2.3) (ABS, 2019, ABS, 2007). 

Age/sex A – B B – C C – D 

F65+ 9.0 12.0 20.7 

M65+ 12.8 16.2 23.7 

T65+ 10.7 13.9 22.1 
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Source: ABS 2020. Regional population by sex and age 2019.  
 
Figure 2.3. Age and sex distribution of Australians in capital cities versus the rest of the 
country (ABS, 2019). 
 

 

2.7. Geographical distribution and facial fractures 
 

Most Australian state capitals have the facilities and resources to treat and manage 

facial fractures. However, hospitals in rural areas are often ill-equipped in comparison. 

Depending on the severity of the injury, an individual admitted to a rural hospital mat 

often need to be transported to a major city for adequate treatment. In 2010, Kruger 

et al. published a paper pioneering a geography-based approach to modelling jaw 
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fractures using Geographic Information System (GIS) (Kruger et al., 2010). This was 

done by comparing fracture rates and analysing their distribution by geographically, by 

dividing Australia into statistical local areas. Key findings of this research were that 

fracture rates were greatly skewed towards Indigenous people (whose jaw fracture 

rates were almost ten times those of non-Indigenous Australians) and those in rural 

areas (with a large overlap in the former and latter categories). The discrepancy in injury 

rates between these populations may be linked to factors such as lower levels of 

education, higher levels of alcohol and drug usage, and higher levels of recorded 

violence within Indigenous populations and in rural areas (ABS, 2018b, AIHW, 2020a). 

Despite this, specialised care and treatment centres for jaw fractures are located 

predominantly in urban areas. This inequality often results in a delay in seeking and 

receiving treatment as well as high indirect costs associated with transportation and 

accommodation.  

 

The results of the above study – that Indigenous and remotely-located Australians had 

disproportionately high rates of jaw fractures compared to non-Indigenous Australians 

and those living in urban areas – were supported by a further longitudinal study 

conducted by Kruger and Tennant in 2015. This Western Australia-focused study used 

hospitalisation data for oral health-related conditions to examine the disparities 

between different social and geographical demographics. It found significantly higher 

rates of hospital admissions for these conditions in Indigenous people. Notably, among 

the oral health-related conditions included in the study, jaw fractures made up a 

staggering 43.6% of hospital admission reasons for Indigenous patients, compared to 

3.8% for non-Indigenous patients. This study highlighted the need for further analysis 
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of oral health conditions and hospitalisations and their associated risk factors (Kruger 

and Tennant, 2015). 
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2.8. Clinical classification 
 

2.8.1. ICD-10-AM: International Classification of Diseases 

 

ICD-10-AM stands for the International Statistical Classification of Diseases and Related 

Health Problems – Tenth Revision – Australian Modification. It is a classification 

standard used for the documentation of diagnoses of health conditions. From 

communicable diseases to malignant neoplasms to behavioural disorders, health 

conditions are numerous and wide ranging. ICD-10-AM thus exists as a standard 

diagnostic classification to interpret clinical concepts as data by classifying them as 

codes (NCCH, 2019). The principal diagnosis of every hospital admission pertains to a 

relevant code that is stored in an open access database and made publicly available by 

the AIHW.  

 

2.8.2. AR-DRG: Australian Refined Diagnosis Related Groups 

 

Each patient admitted to hospital has a principal diagnosis, or a main reason for 

admission, and on this basis, they are categorised into a diagnosis-related group (DRG). 

The diagnosis-related group is a character patient classification scheme that provides a 

means of relating the number and types of patients treated in a hospital to the 

resources required by the hospital.  
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Chapter 3. 

 

Chapter 3. Aims and Hypotheses 
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3. Aims and Hypotheses 

3.1. Aims 
 

The key aims of this thesis are to identify patterns and trends in facial (nasal, orbital 

floor, malar & maxilla, and mandibular bones) fracture incidences and rates for the 

entire Australian population overall and longitudinally over a twenty-year period, with 

a focus on demographic groups established as at high-risk of incurring facial fractures. 

The detailed aims of this research are as outlined:  

 

3.1.1. Patterns in facial fractures across the whole Australian population:  

 

3.1.1.1.  Assess the incidence of primary hospitalisation separations for facial 

fractures in 2016;  

3.1.1.2.  Compare fracture incidence between bones, identifying high-risk bones;  

3.1.1.3.  Examine demographics hospitalised for facial fractures by age and sex to 

match high-risk bones with high-risk groups; and 

3.1.1.4.  Compare facial fracture proportional incidence for the Australian 

population with results of existing international and/or smaller-scale 

Australian research.  

 

3.1.2. Trends in facial fractures over twenty-year (1996 – 2016) period: 

 

3.1.2.1.  Determine and assess population-adjusted rates of facial fractures by 

age and sex; 
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3.1.2.2.  Identify demographics and/or fractured bones for which clear trends 

exist;  

3.1.2.3.  Analyse trends and anomalies in rates over time; and 

3.1.2.4.  Compare facial fracture rates and trends for the Australian population 

with results of existing international and/or smaller-scale Australian 

studies. 

 

3.1.3. Adult Australian males: 

  

3.1.3.1.  Confirm adult males as a high-risk group for facial fractures by assessing 

rates; 

3.1.3.2.  Analyse trend(s) in adult male facial fractures over time; 

3.1.3.3.  Identify facial bone(s) most affected in adult males and compare with 

existing aetiological research; and 

3.1.3.4.  Identify greatest potential risk factor(s) contributing to facial fractures in 

adult Australian males. 

 

3.1.4. Alcohol consumption: 

 

3.1.4.1.  Assess the relationship between alcohol consumption and facial 

fractures;  

3.1.4.2.  Assess the type of facial fracture most affected by alcohol consumption; 

and 
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3.1.4.3.  Identify demographic(s) most affected by alcohol consumption. 

 

3.1.5. Elderly Australians:  

 

3.1.5.1.  Confirm the elderly as a high-risk group for facial fractures by assessing 

rates; 

3.1.5.2.  Analyse trend(s) in facial fractures of the elderly over time; 

3.1.5.3.  Identify which facial bone(s) is/are most affected in the elderly and 

compare with existing aetiological research; and 

3.1.5.4.  Identify the greatest potential risk factor(s) contributing to facial 

fractures in elderly Australians. 

 

3.1.6. Falls: 

 

3.1.6.1.  Assess the relationship between falls and facial fractures;  

3.1.6.2.  Assess the type of facial fracture most affected by falls; and 

3.1.6.3.  Identify demographic(s) most affected by falls. 

 

3.1.7. Future projections: 

 

3.1.7.1.  Project future incidences and rates of hospitalisations due to facial 

fractures; and 
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3.1.7.2. Predict future trends in incidences of hospitalisations due to facial 

fractures. 

 

3.2.  
 

This research has the following hypotheses (relating to hospitalisations for fractures of 

the nasal, orbital floor, malar & maxilla, and mandibular bones in the Australian 

population):  

 

Question 1:  Are hospitalisation incidences and rates due to facial fractures 

similar for all sex-specific groups across the Australian 

population? 

 

Question 2: Are hospitalisation incidences and rates due to facial fractures 

are similar for all age-specific groups across the Australian 

population? 

  

Question 3:  Have population-adjusted rates for hospitalisations due to facial 

fractures remained relatively steady over time? 

 

Question 4: Do differences in facial fracture incidences and rates exist for any 

studied bones 

 

Question 5:  Is alcohol consumption a risk factor for facial fractures? 



27 
 

 

Question 6:  Is there an association between alcohol consumption and trends 

in facial fracture rates over time? 

 

Question 7:   Are falls a risk factor for facial fractures? 

 

Question 8:  Is there an association between falls and trends in facial fracture 

rates over time? 

 

Question 9:  Given a continuation of current trends, will differences be 

identified in population-adjusted rates of facial fractures?  

 

Question 10:  Will projected facial fracture incidences show increases or 

decreases for any sex- and age-specific groups? 
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Chapter 4 

 

4. Materials and Methods 
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4. Materials and Methods 

 

4.1. Ethics 
 

The hospitalisation data used for analysis in this research are all de-identified, open 

access data available from the AIHW and ABS. Ethics approval was thus not required. 

This research has been carried out in accordance with the requirements of the National 

Statement on Ethical Conduct in Human Research (National Statement, NHMRC) and 

the policies and procedures of The University of Western Australia.  

 

4.2. Hospitalisation data 
 

Hospitalisation data between financial years 1996 – 1997 and 2016 – 2017 were 

analysed. Note that for AIHW hospitalisation data, financial years are referred to by 

their first years (e.g. financial year 2004 – 2005 is referred to as 2004) for easier 

comprehension.  

 

Hospitalisation data were obtained from the Australian Institute of Health and Welfare 

(AIHW). The AIHW is an independent major national agency established by the 

Australian Government under the Australian Institute of Health and Welfare Act 1987 

corporate Commonwealth entity to provide reliable, regular and relevant information 

and statistics on Australia’s health and welfare.  
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The term “hospitalisation” refers to separations, or individual episodes of patient 

hospital stays from admission to discharge, transfer, death, or a change in care type 

(AIHW, 2020b). Same-day and overnight separations are reflective of the time a patient 

stays in the hospital to receive care.  

 

4.3. Principal diagnosis data 
 

The International Classification of Disease (ICD-10-AM) is a universal coding system that 

classifies principal diagnoses for all episodes of admissions in hospitals. The principal 

diagnosis is the main reason for which a patient is admitted into hospital.  Principal 

diagnosis data were obtained from the AIHW for all hospital separations with fractures 

of the nasal, malar & maxilla, orbital floor, and mandibular bones as the principal 

diagnosis. Respectively, the ICD-10-AM codes for these bones are: S02.2, S02.3, S02.4, 

and S02.6.  

 

Though the ICD-10-AM coding system is universal, the reliability of principal diagnosis 

data still depends, to an extent, on the accuracy of the clinician’s coding. There exists 

therefore, the potential for error due to a degree of subjectivity involving the clinician’s 

interpretation and judgement as well as the accuracy with which they code, especially 

in certain cases of complex diagnoses. Nonetheless, the current overall accuracy of the 

clinical coding system using ICD-10-AM has been assigned as “fair” (Cheng et al., 2009).  

 

4.4. Population data and rates 
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Data regarding the population of Australia were obtained from the census data 

collected by the Australian Bureau of Statistics (ABS). Rate calculations were all 

adjusted as per 100 000 population.  

 

4.5. Projections 
 

Linear regressions based on 20 and 5 years of facial fracture rates were applied to 

female nasal fractures to create curves for high and low fracture rate predictions for 10 

years into the future. The reasoning for this was the high R2 values corresponding to 

clear trends over both 20- and 5-year time periods (1997 – 2016 and 2011 – 2016) and 

to provide a reasonable range of rate predictions. For male mandibular fractures, the 

same methodology and reasoning were applied, but 10- and 5-year exponential 

regressions were used as curves for bounding fracture rate predictions, and also to 

avoid predictions of fracture rates falling below zero which may have resulted from 

prediction using linear regression. 

 

Predicted fracture rates were applied to ABS population predictions for 2017-2026 to 

derive expected upper and lower bounds for fracture numbers in each year for each 

salient group. 

 

4.6. Statistical analysis 
 

Population data and facial fracture data, which were obtained as the number of hospital 

admissions for each fracture per year, were separated by sex and 5-year age groups (0 
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– 4, 5 – 9 years of age, etc.). Age- and sex-standardised rates were calculated for each 

fracture type, based on population data from the 2016 Australian Bureau of Statistics 

(ABS) census. Rates were presented as per 100 000 population. As this research 

included and was reflective of the entire population of Australia, statistical calculations 

were not needed to determine significant differences between subgroups: all 

differences were considered significant. All analysis, including the creation of figures 

was undertaken using Microsoft Excel (2015).   
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Chapter 5 

 

5. The Epidemiology and Distribution of Facial Fractures in Australia in 2016 

 

 

This Chapter has been submitted for publication in the journal, Australian Health Review 

and is currently under review.  
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5. The epidemiology and distribution of facial fractures in 

Australia in 2016  

5.1. Abstract 
 

Background/aims:  

Facial fractures are injuries that are influenced by demographic and socio-economic 

factors. As such, they may be reflective of other injuries and health issues in Australia 

as well as the extent of risk factors affecting the population. This study aimed to 

investigate the incidence and age- and gender-associated distribution of facial fractures 

in Australia.  

Methods:  

Hospitalisation data for nasal, mandible, malar & maxilla, and orbital floor fractures for 

2016 were obtained through the Australian Institute of Health and Welfare using 

International Classification of Disease Tenth Edition data for primary diagnosis of 

hospital admissions in Australia, and population data were obtained from the 

Australian Bureau of Statistics. Fracture rates were calculated based on age and sex.  

Results:  

Two demographic groups were identified as having particularly high rates of fracture: 

young adult men (aged 15 – 39 years) and the elderly (aged 65+ years), particularly 

women. For both sexes, overall fracture rates were highest in the nasal bone and lowest 

in the orbital floor.  

Conclusions:  

According to existing aetiological research, the strongest risk factors for facial fractures 

in adolescents are increased risk-taking behaviour, particularly fuelled by alcohol 
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consumption, and interpersonal violence. Risk factors for adults were interpersonal 

violence and road traffic and occupational accidents. The results of this study are 

consistent with and reflective of existing literature regarding similar injuries and 

demographic groups; patterns in facial fracture rates of Australia are comparable to 

those in other countries.  

 

5.2. Introduction 
 

Trauma is an important public health problem, and facial fractures are often amongst 

the most common injuries that patients present with in emergency departments. Not 

only can these types of fractures lead to disability, but the management and treatment 

is resource intensive, and an economic burden. Factors that contribute to facial 

fractures are highly dependent on the demography and characteristics of a population 

and can be an indicator of several social and equity factors. Identifying, classifying and 

monitoring facial fractures can elucidate how and where to allocate resources to reduce 

the prevalence of such injuries. Facial fractures occur due to a multitude of reasons, 

including interpersonal violence (IPV), road traffic accidents (RTA), occupational 

accidents, sporting injuries, and falls (Lee, 2009).  

 

Higher fracture rates in the elderly (those aged 65+ years) are likely to be a result of 

falls (Velayutham et al., 2012, Chrcanovic et al., 2012), and indicative of the trends in 

fall prevention and mitigation that have been ongoing across the developed world. 

However, facial fractures in working-aged adults could have more varied causes and 

implications; high fracture rates in these individuals, particularly men, are associated 
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with road traffic accidents (RTA) and occupational accidents (Erol et al., 2004b), but IPV 

due to drug and alcohol use have also been found to be large contributors (Lee, 2009, 

Shapiro et al., 2001). Hence, it is important for fractures of different facial bones and 

their aetiology to be considered holistically when identifying patterns in fracture rates.  

 

This study aimed to elucidate trends and demography in facial fracture rates across the 

entire Australian population in 2016. Studying the distribution of facial fractures allows 

for better insight into how they may be prevented and means of improvement for the 

provision of healthcare and education to lessen the rates of such (and similar) injuries. 

The nasal, mandibular, malar & maxilla, and orbital floor bones were chosen for this 

epidemiological study, as they are generally the most commonly-fractured facial bones 

(Montovani et al., 2006).  

 

5.3. Methods 
 

All data used in this study were obtained from open access web-based sources. Only 

de-identified data were available. As such, ethics approval was not required.  

 

Retrospective Australian hospitalisation data for nasal, mandibular, malar & maxilla, 

and orbital floor fractures for 2016 were obtained from the Australian Institute of 

Health and Welfare (AIHW) database using International Statistical Classification of 

Diseases and Related Health Problems – Tenth Revision – Australian Modification (ICD-

10-AM, or ICD) codes. The ICD is a universal diagnosis classification standard required 

globally for recording all hospital admissions. The principal diagnosis is defined as the 
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diagnosis established after triage to be chiefly responsible for occasioning the patient’s 

episode of care in hospital (NCCH, 2019, AIHW, 2019c).  

 

The ICD codes for fractures of the nasal, mandibular, malar & maxilla, and orbital floor 

bones are, respectively: S02.2, S02.6, S02.3, and S02.4. Data collected included patient 

age, sex, and fracture site. All patients admitted to hospital in 2016 with primary 

diagnoses for the above were included in this study.  

 

Population and principal diagnosis data were separated by sex and 5-year age groups. 

Age- and sex-standardised rates were calculated for each fracture type, based on 

population data from 2016. Rates were presented as per 100 000 population. Fracture 

rates (incidence per 100 000 population) were calculated using population data from 

the Australian Bureau of Statistics (ABS) 2016 census. As this study included and was 

reflective of the entire population of Australia for the year of 2016, statistical 

calculations were not necessary to determine significant difference between 

subgroups: all differences were considered significant. All analysis, including the 

creation of figures, was undertaken using Microsoft Excel (2015).  

 

5.4. Results 
 

5.4.1. Population overview 

 

A total of 23.4 million individuals – the entirety of the Australian population in 2016 – 

were included in the dataset. From this population, there were 14 320 hospital 
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admissions for fractures of the nasal, mandible, malar & maxilla, and orbital floor 

bones. Males contributed to 71% (n = 10 144) of these admissions, and the remaining 

29% comprised of females, giving a male to female ratio of 2.4:1.  

 

5.4.2. Sex-specific comparisons 

 

Fracture rates for males and females by five-year age groups showed a large peak in 

fracture rates for males aged 20 – 24 years, with steep increases in the lower age 

groups. Rises in rates occur for those 65+ years; women had a steeper increase in 

fracture rates than men and women 75+ years had higher fracture rates than men 

(Figure 5.1). 

 

 
Figure 5.1: Fracture rates for Mandible, Maxilla, Malar and Nasal bones in Australia in 2016.  
 

Considering all injuries and age groups collectively, men had far higher facial fracture 

rates (per 100 000 population per year) than women (n = 1 683 and 865 respectively). 
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This discrepancy can be largely accounted for by men aged 15 – 39 years, who 

contributed to 61.5% (n = 6 244) of total facial fractures for men in 2016 (Figure 5.2). 

An increase of fracture rates was observed with an increase of age in women, with 

women aged 85 and above having the highest fracture rate within their sex. This 

demographic group also had a higher fracture rate than men of the same age group. 

Not including those aged 0 – 9, women aged 45 – 49 and men aged 65 – 69 years had 

the lowest fracture rates for their sexes. Fracture rates for females aged 75+ years 

constituted 52% of fractures within that sex (Figure 5.2, Table 5.1).  

 

 

Figure 5.2: Fracture rates shown as the proportion (%) of total fractures for each sex in 2016. 

 

Table 5.1: Facial fracture rates (incidence per 100 000 persons) in 2016 in Australia by age and 
sex.  
  

Nasal Mandible Malar & Maxilla Orbital Floor 
Age F M F M F M F M 
0 - 4 2 3 0 1 2 1 1 1 
5 - 9 11 12 1 5 1 1 1 2 

10 -14 21 55 3 10 0 5 1 2 
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15-19 20 95 11 55 2 22 2 13 
20-24 21 67 11 77 4 38 5 23 
25-29 17 56 11 50 3 35 4 24 
30-34 17 49 6 38 6 30 3 19 
35-39 14 34 5 28 4 22 4 16 
40-44 15 27 5 20 6 22 4 11 
45-49 12 21 3 18 4 19 3 15 
50-54 14 18 2 11 4 13 3 11 
55-59 12 15 2 7 6 10 3 7 
60-64 10 12 3 4 5 11 4 5 
65-69 12 15 2 4 3 10 6 4 
70-74 20 24 4 2 5 13 11 9 
75-79 53 29 6 6 11 17 17 11 
80-84 64 58 8 4 27 25 22 18 
85+ 116 108 11 12 54 35 40 21 

Overall 19 36 5 23 7 21 6 13 
 

5.4.3. Facial bone-specific comparisons 

 

Out of the four bones, the nasal bone had the highest overall fracture rate for men with 

a rate of 36, which was just over 1.5 times that of the mandible and malar & maxilla, 

whose overall rates were 23 and 21 respectively, and almost triple the overall orbital 

floor fracture rate of 13. For women, the order of highest to lowest fracture rates for 

the four bones was nasal by far, followed by malar & maxilla, orbital floor, and 

mandible, with overall rates of 19, 7, 6, and 5 respectively (Figure 5.3, Table 5.1).  

 

For females, rates remained steady in adults until increases began after 65 – 69 years. 

These rate increases were evident across all bones, but particularly pronounced in the 

nasal bone; the nasal bone fracture rate in females aged 85+ years is more than double 

that of the malar & maxilla (rates of 116 and 54 respectively) (Figure 5.3A). High peaks 

were evident for all bones. The first peak for the nasal bone was at 15 – 19 years (rate 
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95) and the second was at 85+ years (rate 108). The peak for all other bone fractures 

occurred at 20 – 24 years; the mandible was the highest of those (rate 77). Similarly to 

females, rates rose in the elderly, particularly in the nasal bone (Figure 5.3B). 

 

 
Figure 5.3: Female (A) and male (B) nasal, mandible, malar & maxilla, and orbital floor 
fracture rates for 2016.  
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5.5. Discussion 
 

In 2016, Australian men had a far higher facial fracture rate than women (2:1 ratio); this 

result is in accord with those of several previous international studies which report a 

similar male to female fracture ratio (Montovani et al., 2006, Carvalho et al., 2010a, 

Zaleckas et al., 2015, Morris et al., 2015, Erol et al., 2004b). Previous literature regarding 

the aetiology of nasal fractures found RTA and IPV to be the most common causes of 

nasal fractures, as well as sport and exercise related injuries, to a lesser extent (Ashoor 

and Alkhars, 2000, Chi et al., 2010, Kim et al., 2018). Orbital floor fractures had the same 

leading causes, with assault being more common (Gosau et al., 2011, Eski et al., 2006). 

Similarly, other studies found that maxillary fractures had common causes of IPV, falls, 

and RTA (Brucoli et al., 2019, Tent et al., 2018). Mandibular fractures were largely 

caused by RTA and IPV (Dongas and Hall, 2002, Lee, 2009, O’Meara et al., 2011, 

Hassanein, 2019).  

 

A rise in fracture rates between age groups 10 – 14 and 15 – 19 years was seen for both 

sexes and was especially present for the mandible (Figures 5.1 and 5.3), a bone that is 

commonly injured through IPV and RTA. This is may be explained by increased risk-

taking behaviour seen in adolescents – particularly males (Milne et al., 2007, Leather, 

2009) – whose effects could be compounded by a marked increase in drug and alcohol 

consumption in that demographic group. Furthermore, the minimum legal drinking age 

in Australia is 18. The influence of alcohol is known to exacerbate risk-taking behaviour, 

which is already heightened in adolescents. Alcohol consumption in Australian youths 
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is likely a significant contributor to the sharp rises in fracture rates beginning in that age 

group (Figure 5.1), which is especially evident in males.  

 

The most substantial peaks in fracture rates exist for males between 15 and 34 years of 

age, and elderly females (Figure 5.1). Males have high rates of mandibular fractures, 

which peak in the aforementioned age group (Figure 5.3). IPV, RTA, sporting, and 

occupational accidents may be contributing risk factors, in line with previous studies 

(Lee, 2009, Nakhgevany et al., 1994, Hwang et al., 2009). IPV in males is especially 

prevalent in males relative to in females, for whom a small rise in mandibular fractures 

also exists in the same age group (15 – 34 years) (Figure 5.3). In Australia in 2016 – 

2017, the recorded crime rates for males and females respectively were 3 005 and 910 

per 100 000 individuals, or a male to female ratio of 3.3:1 (ABS, 2018e), which is similar 

to the male to female overall facial fracture rate of 2.43:1 and to a greater extent, the 

malar & maxilla ratio of 3:1. These similar ratios may be reflective of the differences in 

likelihood of the two genders to engage in behaviours and undertake activities that may 

increase their risk of incurring facial fractures. 

 

There is a very sharp increase in rates of all fractures for elderly females. This is 

especially apparent for the nasal bone (Figure 5.3A). This bone is most frequently 

injured when a person falls forward, as it is often a primary point of contact with the 

ground (Hwang et al., 2017). The elderly also have a higher frequency of falls (with fall 

risk increasing with age), resulting in increased severe bone trauma risk (Werning et al., 

2004). However this is not explanatory of the large discrepancy of fracture rates 

between males and females aged 75+ years, and the drastically higher number of facial 
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fractures in females (Figure 5.3). Thus, gender is likely a large risk factor for facial 

fractures.  

 

Age is an established risk factor for osteoporosis, a condition where bone tissue 

deteriorates leading to increased fragility and likelihood of fractures and breaks. 

Furthermore, female bone density is less than that of males, a disparity known to 

increase with age (Nieves et al., 2005, Neuner et al., 2006). Females over the age of 50 

are also more prone to osteoporosis: the AIHW reported that in 2011 – 2012, 6.9% of 

women and 2.2% of men aged 50 – 59 years were diagnosed with osteoporosis, 

whereas the condition affected 29.7% of women and 8.9% of men over 80 (AIHW, 

2014). This physical variance coupled with the difference in fall risk between sexes likely 

explains the disparity of the fracture rates in elderly men and women.  

 

An aetiological investigation into orbital floor fractures in a metropolitan U.S. city 

published in 2016 found rates similar to those in this study (Chiang et al., 2016). Young 

males had the highest rates of fracture, and the male to female ratio was 2.5:1, which 

is highly comparable to the 2.43:1 ratio for Australia in 2016 found by the present study. 

Another study conducted on craniofacial fractures seen in a Helsinki hospital reported 

a similar distribution of fractures, with nasal fractures being by far the most prevalent 

of those included (Jin et al., 2018). This same study found that falling was the most 

common cause of injury, followed by IPV and sport. Teenagers and individuals in their 

twenties were more likely to have been injured due to IPV, whereas falls were more 

likely to have caused injury for those aged <9 and >70.  
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5.6. Conclusion 
 

Facial fracture trends and rates for Australia are largely similar to those found in other 

countries. However, Australia may be dissimilar to those countries geographically and 

demographically; with an ageing population, the trends of facial fractures over time 

must be considered. The clear increase in fracture rates that is proportional to 

increasing age among elderly Australians is very concerning, especially in the context of 

the increasing number of elderly Australians (ABS, 2018d). Further research must be 

conducted to identify any patterns in facial fracture rates to determine potential costs 

and preventative strategies for Australia. It would also be pertinent to study the impact 

on facial fractures of factors such as Indigenous and socio-economic status and rurality.  
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Chapter 6 

 

6. A Longitudinal Epidemiological Analysis of Facial Fractures in Australia from 1997 to 

2016 

 

 

This Chapter has been submitted for publication in the journal, Dental Traumatology 

and is currently under review.  
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6. A Longitudinal Epidemiological Analysis of Facial 

Fractures in Australia from 1997 to 2016 

6.1. Abstract 
 

Background/Aims:  

Facial fractures are a health issue in Australia and may be reflective of other injuries 

due to their associations with a wide range of risk factors. The aim of this study was to 

identify and analyse trends and at-risk demographics for nasal, mandible, malar & 

maxilla, and orbital floor fractures. 

Materials and Methods:  

Twenty years of hospitalisation data (1997 – 2016) were obtained from the Australian 

Institute of Health and Welfare using International Classification of Disease 10th Edition 

primary diagnosis data for hospitalisations in Australia. Census population data from 

the Australian Bureau of Statistics were used to calculate fracture rates based on 

gender and age.  

Results:  

Fracture incidence increased over time, but the total rate decreased. Two demographic 

groups were identified as high-risk for facial fractures: young adult men; and the 

elderly. Rates for adult men decreased over time (203 and 158 in 1997 and 2016), 

whereas rates increased for the elderly (24 and 86 in 1997 and 2016). These trends 

were most pronounced in the mandible for adult men and in the nasal bone for the 

elderly.  

Conclusion:  
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The decrease in fractures seen in younger males is a positive result. However, the 

increase in facial fracture rates over time for the elderly is very concerning, especially 

considering the ageing population of Australia. It is suggested that further research be 

conducted into how to mitigate these rate increases and better manage facial fractures 

in the elderly.  

 

6.2. Introduction 
 

Facial fractures constitute a major portion of trauma in Australia and as such, this 

longitudinal epidemiological study investigated trends in fracture rates of the malar & 

maxillary, mandibular, and nasal bones in Australia over twenty years (1997 – 2016). 

The prevalence of facial fractures is linked to several factors, including socio-economic 

status, education, location, and drug and alcohol consumption (Carvalho et al., 2010a, 

Dongas and Hall, 2002, Nakhgevany et al., 1994, Ogundare et al., 2003, Leathers et al., 

2003, Oikarinen et al., 2004). In Australia, these factors have changed over the last 

twenty years. It is thus hypothesised that prevalence and incidence of facial fractures 

has been subsequently affected.  

 

Trends in Australian health over the last twenty years have shown an increased lifespan 

(AIHW, 2019a), as well as improved quality of life, likely due to medical advances and 

socio-economic, lifestyle and environmental changes. Societal changes such as an 

increase in education levels and healthcare availability, coupled with stricter laws 

regarding alcohol and drug use, and tighter vehicular and workplace regulations would 

be expected to decrease the overall incidence of facial fractures over time. 
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The most commonly fractured facial/cranial bones are the nasal, malar & maxillary, 

orbital floor, and mandibular bones.  Nasal fractures, often caused by falling (forwards) 

(Kim et al., 2018), are expected to be higher amongst the elderly. Mandibular fractures 

are commonly caused by vehicular accidents and assault (Hassanein, 2019, O’Meara et 

al., 2011). Trends in facial fracture rates should be reflective of societal trends from 

1997 – 2016, such as decreases in risk-taking behaviour and stricter regulations 

surrounding drug and alcohol consumption (Leather, 2009, Chikritzhs et al., 2010). It is 

thus hypothesised that overall fracture rates for all bones will have decreased over the 

past twenty years. Epidemiological trend data provide important information to 

evaluate access to health care, resource allocation, development of preventive 

strategies and planning of health services. Against this background, the aim of this study 

was to identify the incidence and epidemiological trends in facial fractures over two 

decades in Australia.  

 

6.3. Methods 
 

All data used in this study were obtained from open web-based sources. Consequently, 

ethics was not required.  

 

Australian hospitalisation data (2017) for facial fractures (mandibular, nasal, and malar 

& maxillary) were obtained from the Australian Institute of Health and Welfare (AIHW) 

(AIHW, 2019c) using International Classification of Disease (ICD) codes; a universal 

diagnosis classification standard required globally, for recording all hospital admissions. 
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Fracture rates (incidence per 100 000 individuals) were calculated using census 

population data from the Australian Bureau of Statistics for the years, 2001, 2006, 2011 

and 2016 census (ABS, 2018c). The facial bones of focus for this study were the malar 

& maxillary, nasal, orbital floor, and mandible, as these bones have previously been 

found to have the highest rates of fracture of all craniofacial bones (Morris et al., 2015, 

Montovani et al., 2006, Carvalho et al., 2010a). Five--digit ICD diagnosis codes (10th 

Edition: ICD – 10AM) were used (S02.2, S02.3, S02.4, S02.6 for nasal, orbital floor, malar 

& maxillary, and mandibular fractures respectively).   

 

Population data and facial fracture data, (which were obtained as the number of 

hospital admissions for each fracture as per ICD code per year) were separated by 

gender and 5 – year age groups (0 – 4, 5 – 9, … 81 – 84, 85+ years of age). To account 

for variation in population by gender and age, fracture rates were then standardised to 

the Australian population. Each year of facial fracture data was standardised against 

the census population for the year, for example: 2003 fracture rates were determined 

by using the 2002 – 2006 census population; 2010 using the 2007 – 2011 population, 

etc. Fracture rates per 100 000 individuals were calculated as follows: ே


 * 100 000, 

where N is the number of fractures, and P is the total population for the age and gender 

group.  

 

As this study included and was reflective of the entire population of Australia for the 

years 1997 to 2016 inclusive, statistical calculations were not needed to determine 

significance: all differences were considered significant. All analysis including the 
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calculation of R2 (co-efficient of determination) values and creation of figures was 

undertaken using Microsoft Excel (2015).   

 

6.4. Results 
 

6.4.1. Overview of trends 

 

Twenty successive years of data are included in this dataset. A general overview of 

average fracture rates over these years (Figure 6.1) shows that male fracture rates were 

consistently higher than those of females and the overall male to female (M:F) ratio for 

facial fracture incidence was 3.36:1. The largest discrepancy evident between males 

and females was in the mandible, and the smallest was in the orbital floor (though 

notably the latter was also the bone with the lowest overall fracture rates). Orbital floor 

fractures also increased more than any other fracture over the study timeframe, while 

female mandibular and malar & maxilla fracture rates held steady, and there is a visible 

and consistent increase in rates for the nasal bone (both genders) from 2013 onwards.  
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Figure 6.1: Average nasal, mandible, malar & maxilla, and orbital floor fracture rates over 
time by sex.  
 

The number of fractures increased over time (1997 total n = 11 490; 2016 total n = 13 

706; 1.2:1 ratio; 19.3% change). The total rate for facial fractures in 1997 was 61 per 

100 000 population and in 2016, it was 59. The proportionally largest increases were 

seen in the elderly (65+ years) (1997 total n = 575; 2016 total n = 2 744; 1:4.8 ratio; 

377.2% change) and there was a decrease in fractures in young adult men aged 15 – 39 

(1997 total n = 6 910; 2016 total n = 6 244; 1.1:1 ratio; % change = -10.7%). Rates for 

those two demographic groups increased and decreased respectively over time: in 

1997 and 2016, rates for the elderly were 24 and 86; and rates for adult men were 203 

and 158 per 100 000 population.  

 

The greatest increase in number of fractures over time was seen in the nasal bone for 

elderly women, with 129 fractures in 1997, and 741 in 2016 (1:5.7 ratio; 474.4% 

increase); the greatest decrease was in the malar & maxilla for young men, with 1 582 

fractures in 1997 and 1 170 in 2016 (1.35:1 ratio; -26% decrease). The orbital floor was 

the only bone to have increased in number of fractures for young men, with the number 

in 2016 almost double that of 1997 (1997 n = 393; 2016 n = 754). The population of 

Australia in 1997 was 18 972 350 and 23 401 901 in 2016.  

 

There are two main similarities between all bones: a clear peak in fracture rates is seen 

in males aged 20 – 24 years, except for the nasal bone, with peak in the 15 – 19 years 

group, and an increase in fracture rates with age, which is more evident in females. 



53 
 

Over time, the peak in young males became smaller, indicating a decline in fracture 

rates in that demographic group. Conversely, fracture rates in the elderly have 

increased over time in all bones and both genders. 

 

6.4.2. Sex-specific comparisons 

 

The curves of the graphs for each year are highly comparable within sex-specific groups 

and across all fractures (Figures 6.2 – 6.5): for men, there is a sharp peak in fracture 

rates at ages 15 – 24 years and another rise in rates is seen for both genders beginning 

at around age 65; that rate rise is especially prominent in women. For individual bones 

of both sex-specific groups, there are clear changes in fracture rates that may be 

tracked consistently from earlier to later years. These changes are evident when 

average rates of the first four years are compared with those of the last four years 

(Table 6.1): for both genders, rates in young people (15 – 24 years) decreased over time, 

with this effect being more prominent in men than women. In the elderly (80+ years), 

fracture rates increased sharply, which was more prominent in women than men.  

 

Table 6.1: Percentage change of fracture rates from 1997 – 2000 (average) to 2013 – 2016 
(average). 
  

Nasal Mandible Malar/Maxilla Orbital Floor 
Age F M F M F M F M 

15-19 -18.9 -33.9 -24.9 -22.4 -49 -41.1 41.2 -7 
20-24 -20.8 -37.3 -9.3 -28 -33.6 -42.5 28.3 27.7 
80-84 174.6 106.3 1.7 82.7 104.3 144.4 400 609.7 
85+ 222.1 207.1 65.6 26 160.2 133.8 477.1 383.5 
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6.4.3. Nasal fractures 

 

Overall, nasal fracture rates increased for both genders, with a sharp incline in 2013 – 

2016 (R2 0.99 for both genders) (Figure 6.1): female nasal fracture rates increased by 

7.65 and male rates by 9.26 during this time, or total percentage increases of 41.6% 

and 31.3% respectively. Peak fracture rates for males (age 15 – 19 years) decreased 

over time but increases in rates were seen in the elderly (65+ years), which was 

especially evident in women (Figure 6.2). From the first four to the last four years 

included in the study, rates for the 15 – 24 years age groups decreased around 20% and 

40% for females and males respectively, but more than doubled for both genders in the 

85+ years groups. 
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Figure 6.2: Female and male nasal fracture rates (incidence per 100 000 persons) over time 
(1997 – 2016). 
 

6.4.4. Mandibular fractures 

 

Figures 6.1 and 6.3 show male mandibular fracture rates increasing in the first 10 years 

(R2 0.58) and decreasing in the second 10 years (R2 0.92). Differences between male 

and female fracture rates were largest in the mandible relative to the other studied 

bones. There is a clear peak in mandibular fracture rates for both genders at the 20 – 

24 years age group, though the peak for males is roughly eight times that of females, 
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with average rates of 108.80 and 13.05 respectively. Peak rates for both genders 

decreased over time, though the difference is less distinct in females. Rates in the 

elderly (65+ years) increased for both genders, though more so for females. 

 

 
Figure 6.3: Female and male mandible fracture rates (incidence per 100 000 persons) over 
time (1997 – 2016). 
 

6.4.5. Malar & maxilla fractures 
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The 20 – 24 years age group was the clear peak of malar & maxilla fracture rate for 

males. As illustrated in Table 6.1 and Figure 6.4, there was an overall decline of fracture 

rates over time. For both genders, an increase in fracture rates is evident in the elderly 

and is especially apparent in females.  

 

 
Figure 6.4: Female and male malar & maxilla fracture rates (incidence per 100 000 persons) 
over time (1997 – 2016).  
 

6.4.6. Orbital floor fractures 
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On average, rates for the orbital floor were the lowest out of all bones but increased 

from 1997 to 2016. The overall shape of the graphs (Figure 6.5) reflect those of the 

other bones: a clear peak can be seen in males aged 20 – 24 years, and rates for women 

increased after the 65+ years age group. Interestingly however, while the male peaks 

in the graphs for all other bones indicate a decrease in fracture rates over time for the 

male peaks, the orbital floor does not follow this pattern. With reference to Table 6.1, 

male peak rates for the orbital floor instead increased over time. Like the other bones 

though, orbital floor fracture rates in the elderly also increased over time. It is 

important to note that the low rates for orbital bones mean percentage changes of 

Table 6.1 show effects of large magnitude due to small changes in rate. However, that 

should not take away from the trend being present and consistent.  
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Figure 6.5: Female and male orbital floor fracture rates (incidence per 100 000 persons) over 
time (1997 – 2016).  
 

 

6.5. Discussion 
 

Over the past twenty years, the most notable changes in facial fracture rates are the 

decline of rates in young men and increase of rates in the elderly – especially women. 

Both of these changes are indicative of long-term factors that have consistently 

affected fracture incidence rates.  
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The difference between female and male mandibular fracture rates may be partially 

attributed to the susceptibility of the mandible to be broken in impacts from the side 

of the face, as opposed to from front-on. Falls are often a cause of the latter type of 

impact and often  affect the nasal bone – an anteriorly protruding bone (Kim et al., 

2018). However, punches in cases of assault often make impact on the side of the face, 

hence damaging the mandible (King et al., 2004). Since males are more likely than 

females to experience physical violence (ABS, 2018b), a larger proportion of male 

mandibular fractures may be caused by assault compared to in females.  

 

The decline of peaks of rates for males indicates that young men are less likely to suffer 

a facial fracture in the present day than they were twenty years ago. This is likely due 

to a fall in violence and risk-taking behaviour as a result of stricter regulations involving 

crime and interpersonal violence, and decreased alcohol consumption (Leather, 2009). 

Similarly, peak rates for women of the same age groups have also seen an overall 

decline. Women are less likely to instigate violence or commit assault (Leather, 2009), 

but they are more likely to be victims of domestic abuse by a male. It is suspected that 

the decreased facial fracture rates for men may have a direct relationship with those of 

women. Subsequent to the decreased rates of alcohol consumption and social violence 

amongst men, the decrease of facial fractures in women is likely to be due to decreased 

rates of domestic violence (AIHW, 2019b). Alcohol consumption and risk-taking 

behaviour are linked with the demographic group of young males; changes in alcohol 

consumption over time that may have influenced facial fracture rates should be 
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identified, and their relationship should be elucidated so measures may be taken to 

minimise fractures in young males.  

 

Women have lower bone density than men and a higher risk of developing osteoporosis 

(Neuner et al., 2006, Nieves et al., 2005), which may be partially explanatory of their 

higher fracture rate (relative to that of men). Other factors may be related to 

differences in lifestyle and levels of activity and independence. A contributing factor to 

the increased facial fracture rates seen in the elderly could be a decreased mortality 

rate due to falls. With advancements in treatment and outcomes of falls, the survival 

rate of falls has probably increased, leading therefore to a higher rate of facial fractures 

resulting from an otherwise unchanged rate of falling. That said, such a substantial and 

consistent rate change cannot be explained by this factor alone. 

 

The nasal bone is the most commonly fractured facial bone and its most common 

fracture cause is falling (Rhee et al., 2004). Results regarding nasal bone fracture rate 

increases in the elderly are particularly concerning in the context of Australia’s 

increasing and ageing population. Projected population rates for the next 10 years 

(ABS) show an increase in the overall population of Australia (ABS, 2018d). The ABS also 

predicts an ageing population as a result of a longer life expectancy and a lower birth 

rate than in the last 20 years. The implications of this ageing population for facial 

fracture rates would likely comprise an increase in the number of elderly Australians 

suffering from facial fractures. Fall and injury prevention must be developed, because 

if facial fracture rates for the elderly continue to rise as has been shown in Figures 6.2 
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– 6.5, coupled with an increase in the number and proportion of elderly Australians, 

economic encumbrance due to treatment will increase as well. 

 

The data used for the present study relate only to primary hospital admissions, and 

therefore can essentially be reflective of direct costs. However, depending on the 

severity of the injury, associated indirect costs for the individual and/or for the 

Australian healthcare system may also exist. These costs may include but are not 

limited to rehabilitative services, pharmaceuticals, and transport and accommodation. 

As facial fracture rates and the number of elderly Australians rise, the direct and 

indirect costs will increase greatly.  

 

Existing international studies of similar timeframes have shown similar patterns in 

terms of M:F facial fracture ratio and age group(s) with highest rates of fracture. 

Aetiological and epidemiological studies based on Brazil, South Korea, The Netherlands, 

Greece, and New Zealand on facial fractures found a male to female fracture ratio of 

between 3:1 and 5:1, and the age range with highest fracture incidences and rates 

tended to be around 20 – 30 years (Carvalho et al., 2010a, Hwang and You, 2010, 

Salentijn et al., 2014, Jin et al., 2018, Kyrgidis et al., 2013, Adsett et al., 2013). As such, 

the 3.36:1 M:F ratio found in the results of the present study are congruous with the 

results of existing literature. However, the high (and increasing) incidences and rates of 

fracture in the elderly found in Australia are not reflected in these previous studies.  

 

Facial fracture rates in the elderly can be reflective of other injuries, particularly those 

sustained through falls. Facial fractures amongst the elderly, particularly nasal 
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fractures, have a direct relationship with falls (Erol et al., 2004a, Berry and Miller, 2008). 

This is consistent with expectations: the more falls occur, the more likely an injury such 

as a facial fracture is to be sustained. Older Australians, especially women, are more 

likely to incur a facial fracture as they age. It is imperative that the continued rise in 

fracture rates in the elderly is investigated further. Factors that should be considered 

include physical activity levels, falling, medication, and any other factor that indicates 

consistent and/or gradual lifestyle changes in the elderly. Understanding those factors 

and their relationship with facial fractures in the elderly will help in risk mitigation and 

the prevention of further increases in fracture rates.   

 

6.6. Conclusion 
 

Facial fractures are a health concern due to their injury outcome, impact on wellbeing, 

and economic cost. This study has found that young males are at high risk of incurring 

facial fractures, but overall rates for that demographic group have been declining over 

time. This effect is most pronounced in the mandible. Conversely, facial fracture rates 

for the elderly, particularly women, have increased over time. The greatest increases in 

rates in the elderly were seen in the nasal bone.  
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Chapter 7 

 

7. Alcohol consumption as a risk factor for facial fractures in adult Australian men  

 

 

This Chapter has been submitted for publication in the journal, Australian Dental Journal 

and is currently under review.  
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7. Alcohol consumption as a risk factor for facial fractures 

in adult Australian men  

7.1. Abstract 
 

Introduction:  

Facial fractures are a health issue in Australia which have many associated risk factors, 

previous aetiological research has revealed that a large factor is alcohol consumption. 

Young adult men are a high-risk group for facial fractures in Australia. This study 

aimed to identify and analyse the relationship between alcohol consumption and 

facial fractures in this demographic.  

Methods:  

Primary diagnosis hospitalisation data (1997 – 2016) for facial fractures were obtained 

from the Australian Institute of Health and Welfare using the International 

Classification of Disease (10th edition) clinical coding system, and Census data from 

the Australian Bureau of Statistics (ABS) were used to calculate sex- and age-specific 

fracture rates. Alcohol consumption data were obtained from the ABS. 

Results:  

Weak correlations were identified between alcohol consumption and facial fracture 

rates from 1997 to 2006 during a weak upwards trend in the former. However, during 

a decline in alcohol consumption from 2007 – 2016, much stronger correlations were 

evident. This was especially apparent in the mandible.  

Discussion: 
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The mandible is often injured via interpersonal violence and road traffic accidents, two 

factors also strongly linked to alcohol consumption. That declining mandibular fractures 

had a strong correlation with declining alcohol consumption is strongly suggestive of a 

direct relationship between the two. Trauma-related injuries such as facial fractures 

may be minimised through the management of Australian alcohol consumption. 

 

7.2. Introduction 
 

Facial fractures are injuries that may affect individuals regardless of the social 

demographic groups to which they belong due to the prevalence of various risk factors 

that are present in different environments (Lee, 2012). They are also amongst the most 

common of injuries that are presented in hospital emergency departments (Shapiro et 

al., 2001, Erol et al., 2004a). The presence of certain risk factors may be predictive of 

facial fracture prevalence. Conversely, the occurrence of facial fractures can also be an 

indication of the presence of certain risk factors. One obviousl risk factor to which both 

of these statements apply is alcohol consumption.  

 

Young males aged 15 – 29 years run the highest risk of incurring facial fractures 

(Carvalho et al., 2010a, Iida et al., 2001, Azevedo et al., 1998). This demographic group 

is also most likely to engage in risk-taking behaviour which may result in road traffic 

accidents (RTA) and higher crime rates (Leather, 2009). Unsurprisingly, young males are 

more likely to consume high amounts of alcohol (relative to the rest of the Australian 

population) (AIHW, 2020a, Chikritzhs et al., 2010). There is existing literature and 

evidence that show a relationship between alcohol consumption and risk-taking 
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behaviour (Jayaraj et al., 2012, Milne et al., 2007); this study aims to examine the 

relationship between alcohol consumption and facial fracture rates.  

 

Obviously, alcohol consumption alone cannot be a direct cause of facial fractures. 

However, increased consumption leads to an increased likelihood and severity of 

intoxication, which may contribute to factors such as risk-taking behaviour, vehicular 

accidents, and violence, especially in adolescents (Lane et al., 2004, Leather, 2009, 

Bonomo et al., 2001, Fabbri et al., 2002, Hossack, 1972). These incidents can be direct 

causes of injury and it is in this indirect manner that alcohol consumption is related to 

facial fracture incidence and rates. A correlation between the patterns of alcohol 

consumption and facial fracture rates would support the existence of this relationship.  

 

The bones that have been chosen for this study are the ones that have the highest rates 

of fracture within the Australian population: the nasal, mandible, malar & maxilla, and 

the occipital floor bones. Bone fractures are usually caused by blunt force trauma; 

mandibular bones are most often fractured as a result of instances of interpersonal 

violence (IPV) or RTA, and nasal bones are most commonly fractured by falling 

(Hassanein, 2019, Ogundare et al., 2003, Morris et al., 2015, Kim et al., 2018, Ashoor 

and Alkhars, 2000). It is thus expected that mandibular fracture rates in young males 

will be most closely correlated with alcohol consumption, but the other three bones 

will also show a strong correlation. IPV is also a common cause of nasal bone fractures 

(Kim et al., 2018, Ashoor and Alkhars, 2000), so it is also expected that the nasal bone 

will show similar results, especially due to its fragility and protuberance from the face.  

 



69 
 

7.3. Methods 
 

All data used in this study were de-identified and obtained from open access, web-

based sources. As such, ethics approval was not required.  

 

Australian hospitalisation data for facial fractures were obtained from the Australian 

Institute of Health and Welfare (AIHW) using International Statistical Classification of 

Diseases and Related Health Problems – Tenth Revision – Australian Modification (ICD-

10-AM, or ICD) clinical codes, a universal diagnosis classification standard required 

globally for recording all hospital admissions (AIHW, 2019c). The facial bones of focus 

for this study were the nasal, mandible, malar & maxilla, and orbital floor, as these 

bones have previously been found to have the highest rates of fracture of all 

craniofacial bones (Morris et al., 2015, Montovani et al., 2006, Carvalho et al., 2010a). 

ICD primary diagnosis codes were used (S02.2, S02.3, S02.4, S02.6 for nasal, orbital 

floor, malar/maxillary, and mandibular fractures respectively). Fracture rates 

(incidence per 100 000 individuals) were calculated using population data from the 

Australian Bureaus of Statistics (ABS) 2001, 2006, 2011, and 2016 census (ABS, 2020). 

Alcohol consumption data (litres per capita per year for Australians aged 15 years and 

older) were obtained from the AIHW (AIHW, 2020a).  

 

Population data and facial fracture data (which were obtained as number of hospital 

admissions for each fracture as per ICD codes each year) were separated by sex and 

five-year age groups (0 – 4, 5 – 9, … 81 – 84, 85+ years of age). To account for variation 

in population by sex and age, fracture rates were then standardised to the Australian 
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population. Each year of facial fracture data were standardised against the census 

population for the year, for example: 2003 fracture rates were determined by using the 

2002 – 2006 census population; 2010 using the 2007 – 2011 population, etc. Fracture 

rates per 100 000 individuals were calculated as follows: ே


 * 100 000, where N is the 

number of fractures, and P is the total population for the age and sex population group.  

  

Rates belonging to the two age groups with the highest fracture rates for each bone 

were used in analysis and correlation calculations. For both sexes, the age groups with 

the highest and second-highest fracture rates were 15 – 19 and 20 – 24 years 

respectively for the nasal bone, 20 – 24 and 15 – 19 years for the mandible, and 20 – 

24 and 25 – 29 years for the malar/maxilla and orbital floor. 

 

As this study included and was reflective of the entire population of Australia for the 

years 1997 to 2016 inclusive, statistical calculations were not needed to determine 

significance: all differences were considered significant. All analysis including the 

calculation of R2 values and creation of figures was undertaken using Microsoft Excel 

(2015). 

 

7.4. Results 
 

7.4.1. Overview of trends 
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The overall R2 for alcohol consumption per year from 1997 to 2016 was 0.183, which 

would indicate a lack of a trend or pattern. However, alcohol consumption in Australia 

peaked at 10.76L per person per year in 2006 and 2007 after a moderate trend of 

increase from 1997 to 2006 (R2 0.645), and a strong and consistent decreasing trend in 

consumption was seen from 2006 to 2016 (R2 0.968). 

 

Overall correlations between alcohol consumption and facial fractures are relatively 

weak but in the later 11 years (2006 onwards) when alcohol consumption began to 

decline, the correlation between male facial fracture rates and alcohol consumption 

becomes very apparent. Visible in the figures and confirmed by Table 7.1, there is a 

large difference between the sexes for apparent effect of alcohol consumption on facial 

fracture rates: for all bones, the correlation co-efficient was higher for males than 

females.  

 

Table 7.1: Correlation coefficients for alcohol consumption (litres/person/year) and facial 
fracture rates (incidence/100 000 persons) for the age group with highest rates for facial 
bones (nasal: 15 – 19; mandible, malar & maxilla, orbital floor: 20 – 24). *** ≥ +0.9; ** ≥ +0.7; 
* ≥ +0.5. 
  

Nasal Mandible Malar/Maxilla Orbital floor 
Year M F M F M F M F 

1997 - 
2016 

0.669 
* 

0.391 0.870 
** 

-0.039 0.648 
* 

0.086 0.569 
* 

0.182 

1997 - 
2006 

-0.793 -0.360 0.558 
* 

-0.492 -0.488 -0.484 0.800 
** 

0.761 
** 

2006 - 
2016 

0.941 
*** 

0.511 
*  

0.946 
*** 

0.154 0.932 
*** 

0.253 0.869 
** 

0.263 

 

Female correlations are low across the board and no strong relationship is evident 

between fracture rates and consumption in women. In the 2006 – 2016 period, 

correlations between alcohol consumption and fracture rates for male mandible, nasal, 



72 
 

and malar & maxilla bones were greater than 0.9, with the only the orbital floor being 

at 0.87.  

 

A trend of decline in fracture rates is evident for all bones after 2006 (Figures 7.1 – 7.4). 

This fracture rate decline is particularly evident for young adult males: the decline in 

rates matches the decline in alcohol consumption from 2006 onwards (Figures 7.1B – 

7.4B). This association is confirmed by the correlation of alcohol consumption and 

fracture rates (Table 7.1). Before 2006, there was little or no association between 

fracture rates and alcohol consumption. Comparing correlations and trends from 1997 

– 2006 and 2006 onwards allows for a better understanding as to whether alcohol 

consumption is a factor in facial fracture occurrences.   
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Figure 7.1: Nasal fracture rates (right vertical axis) and alcohol consumption (left vertical axis) 
1997 - 2016. A) Average fracture rates for all ages; B) Males (ages 15 – 19 & 20 – 24); C) 
Females (ages 15 – 19 & 20 – 24). 
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Figure 7.2: Mandible fracture rates (right vertical axis) and alcohol consumption (left 
vertical axis) 1997 - 2016. A) Average fracture rates for all ages; B) Males (ages 15 – 19 & 20 
– 24); C) Females (ages 15 – 19 & 20 – 24). 
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Figure 7.3: Malar & maxilla fracture rates (right vertical axis) and alcohol consumption (left 
vertical axis) 1997 - 2016. A) Average fracture rates for all ages; B) Males (ages 20 – 24 & 25 
- 29); C) Females (ages 20 – 24 & 25 - 29). 
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Figure 7.4: Orbital Floor fracture rates (right vertical axis) and alcohol consumption (left 
vertical axis) 1997 - 2016. A) Average fracture rates for all ages; B) Males (ages 20 – 24 & 25 
- 29); C) Females (ages 20 – 24 & 25 - 29).  
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7.4.2. Nasal fractures 

 

For total average, male, and female 15 – 24 years fracture rates, there is an increase in 

nasal bone fracture rates from 2013 onwards (Figure 7.1). This is unlike the rates of the 

other bones, and also dissimilar to the pattern of alcohol consumption. There is a 

negative correlation for male nasal fracture rates and alcohol consumption in 1997 – 

2006 (Table 7.1). In contrast to the increase in alcohol consumption in those years, male 

nasal fracture rates appear to have been on the decline before 2006 and though 

strongly correlated with 2006 – 2016 alcohol consumption, this trend appears to be a 

continuation of a downward trend in nasal fracture rates of young males instead of a 

new trend resultant of decreased alcohol consumption (Figure 7.1B). However, that is 

not to say that nasal fractures in males are completely unrelated to alcohol 

consumption; the average yearly percentage change in fracture rates from 1997 to 

2006 for males aged 15 – 19 years was -1.20%, and -3.08% from 2006 to 2016. The 

greater yearly change in the latter time period implies the presence of an influence 

additional to existing factors causing male nasal fractures rates to decrease. The strong 

correlation of nasal fracture rates and alcohol consumption in 2006 – 2016 suggests the 

latter had a supplementing effect the pre-existing decline of nasal fracture rates in 

young men.  

 

7.4.3. Mandibular fractures 

 

There is a great disparity between male and female mandibular fracture rates (Figure 

7.2); female mandibular fracture rates do not have a strong correlation with alcohol 
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consumption (Figures 7.2A and 7.2C; Table 7.1). Conversely, mandibular fracture rates 

of young males likely have a direct relationship with alcohol consumption. This is 

evidenced by the strong correlation (Table 7.1) between these variables and further 

supported by the similarity in the trends of alcohol consumption and mandibular 

fracture rates (Figure 7.2B). There is a weak upwards trend in male fracture rates from 

1997 – 2006  

 

7.4.4. Malar & maxilla fractures 

 

Female malar & maxilla fracture rates are low and do not have a strong relationship 

with alcohol consumption (Figures 7.3A and 7.3C; Table 7.1). Male malar & maxilla 

fracture rates, however, are correlated with alcohol consumption (Table 7.1). Similar to 

those of the nasal bone, malar & maxilla fracture rates appear to already be decreasing 

from 1997 to 2006, but the rate of decline is lower than in 2006 – 2016. The average 

yearly percentage change in fracture rates in the former time period was -0.86% and in 

the latter, it was -4.19%. The difference in percentage changes coupled with the strong 

correlation between fracture rates and alcohol consumption in 2006 – 2016 is indicative 

of a direct relationship between the two variables.  

 

7.4.5. Orbital floor fractures 

 

Of the studied bones, the orbital floor has the lowest fracture rates. In accord with the 

other bones, female orbital floor fracture rates are not correlated with alcohol 
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consumption (Table 7.1) and no similarity between the trends of the two variables is 

apparent (Figure 7.4C). However, there are similarities between the trends of male 

orbital floor fractures and alcohol consumption that allude to a relationship between 

the two: fracture rates and alcohol consumption both increased from 1997 to 2006 and 

decreased from 2006 to 2016 (Figure 7.4B). This is confirmed by the strong correlations 

for both time periods (Table 7.1) 

 

7.5. Discussion 
 

RTA, IPV, and falls are the leading risk factors associated with facial fracture occurrence 

(Emodi et al., 2018, Carvalho et al., 2010a, Iida et al., 2001). Alcohol increases the 

prevalence of these risk factors (Cherpitel et al., 1995, Malmivaara et al., 1993, Taylor 

et al., 2010), so it is unsurprising that the results reflect this knowledge. As 

hypothesised, there is a relationship between facial fractures and alcohol consumption, 

particularly for males, and particularly in the mandible and nasal bones. Furthermore, 

correlations between alcohol consumption and male malar & maxilla and orbital floor 

fracture rates were higher than expected.  

 

Alcohol consumption rose from 1997 to 2006, though the trend was inconsistent. It 

then plateaued between 2006 and 2007 and began to decline after 2007. It was in this 

time that the strong correlation between male facial fracture rates and alcohol 

consumption was present. This is strongly indicative that alcohol consumption is a 

contributor towards facial fracture occurrence in the demographic group of young 

males, but much less so in their female counterparts. The clear difference between 
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male and female correlations suggests that facial fractures incurred by males are more 

likely to have been due to behaviours and actions influenced by alcohol. Males, 

particularly those aged 15 – 29 years, are more prone to engage in risk-taking behaviour 

than females of the same age, particularly when fuelled by alcohol (Iwamoto et al., 

2011, de Haan et al., 2015).  

 

The alcohol consumption data used in this study are depictive of Australia overall, and 

does not consider factors associated with higher consumption in certain demographics 

over others such as sex, age, and socio-economic status (SES). Studies on alcohol 

consumption patterns have found that males consistently drank more than females in 

terms of quantity and frequency, and that women were also more likely to practise 

abstinence from alcohol (Wilsnack et al., 2009, Nolen-Hoeksema, 2004). This could be 

one explanation as to why correlations between female fractures and alcohol 

consumption are so low compared to those of males. It could also further indicate that 

the relationship between alcohol consumption is more applicable to men than to 

women. However, the difference between effects of alcohol on facial fracture incidence 

between sexes is an area that requires further investigation, and no definite, causal 

conclusions regarding that matter should be drawn from this study.  

 

The findings of this study are particularly concerning for demographics of lower SES. In 

Australia, being male and of lower SES are associated factors of excessive alcohol 

consumption (Ding et al., 2015, Chikritzhs et al., 2010). Therefore, it is predicted that 

males of lower SES are at higher risk of incurring facial fractures.  
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Previous literature found the leading causes of nasal bone fractures to be IPV and falls 

(Kim et al., 2018, Emodi et al., 2018). Nasal bone fracture rates in young males had a 

very strong correlation with alcohol consumption upon the decline of the latter (Table 

7.1). This result supports the notion that alcohol consumption increases the likelihood 

of incurring injuries through increased participation in IPV and/or risk-taking behaviour 

resulting in accidental injury.  

 

Male malar & maxilla and nasal bone fracture rates displayed similar patterns in their 

relationships with alcohol consumption. Both appeared to have already been on a 

moderate decline before the clear decrease in alcohol consumption from 2006 

onwards. After 2006, both displayed stronger patterns of decline, which are further 

evidenced by the correlations in Table 7.1. Without being confirmatory, this indicates 

that alcohol consumption had an effect on the fracture rates of these bones. However, 

it also suggests that there are more risk factors at play that influence their rates of 

fracture. Further research should be conducted to identify these risk factors and 

understand their impact.  

 

Mandibular fracture rates in young men were most strongly correlated with alcohol 

consumption in 1997 – 2006, when the latter was rising, and in 2006 – 2016, when it 

declined. Relative to the other studied bones which are anteriorly located in the mid-

face, the mandible is inferiorly and laterally positioned in a U-shape (Murray, 2013). As 

such, many cases of mandibular fractures are not limited to exposure to a front-on 

force, but also ones that make contact laterally – blunt force trauma in cases of IPV, for 

example. A previous study found that punches were the most common form of IPV that 
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resulted in a facial fracture (57.2%), and that the male to female fracture ratio due to 

IPV was around 4.5:1 (Kontio et al., 2005). Though the study is older, the trends showed 

in fracture statistics and demography are similar to those of this study, in that the male 

to female fracture ratio was around 3:1, and young males had the highest fracture rates 

(Kontio et al., 2005).  

 

Orbital floor fracture rates were the lowest of all included bones. However, its overall 

rates increased over time. This bone is quite thin, even though it is comparatively less 

exposed than the other bones included in this study. Orbital floor fractures can 

potentially have grave consequences to wellbeing, and more severe cases of such injury 

can result in the impairment of vision. Repair and management of orbital floor fractures 

can be complicated due to the location of the bone, especially its proximity to the eye 

(Boyette et al., 2015, Kim and Jeong, 2016). For the mentioned regions, it is important 

to reduce orbital floor fractures, or at least stop the rise in its occurrence. Male orbital 

floor fracture rates had an apparent relationship with alcohol consumption and 

decreased after 2006. This is a positive result. However, in the context of the overall 

rise in orbital floor fractures, it is also indicative that – to a greater extent than nasal 

and malar & maxilla bones – alcohol consumption is one of many risk factors that may 

influence rates and patterns of fracture in this bone. Again, more research into further 

risk factors should be conducted to better understand how to minimise and manage 

the occurrence of such injuries.  

 

It should be noted that, despite the high R2 values and strong aetiological support from 

previous literature, a limitation of this study is that influences on facial fractures from 
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non-included confounding factors have not been isolated. Therefore, though an 

association between alcohol consumption and facial fracture rates is strongly 

suggested, the degree of association cannot be confirmed.  
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7.6. Conclusion 
 

There is clear evidence supporting a relationship between alcohol consumption and 

facial fracture rates in young males. Both alcohol consumption and young male facial 

fracture rates decreased during the 2006 – 2016 time period when alcohol 

consumption declined; alcohol is likely a key risk factor that contributes to facial 

fracture occurrences in that demographic group. It is imperative that measures be 

taken in Australia to at least maintain lower alcohol consumption levels, if not further 

lowering them. The results of this study also highlight the need for research into other 

risk factors contributing to facial fractures be done, as alcohol is only one of many. 

Furthermore, investigations should be conducted using methodology which may allow 

for the adjustment of confounding factors for clearer isolation of their effects.  
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Chapter 8 

 

8. Falls as a risk factor for facial fractures in elderly Australians  

 

 

This Chapter has been submitted for publication to the journal, Gerodontology, and is 

currently under review.  
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8. Falls as a risk factor for facial fractures in elderly 

Australians 

8.1. Abstract 
 

Background/objectives:  

Australia has an ageing population. The elderly are a demographic group with higher 

relative rates of morbidity and mortality. The social and economic cost of healthcare 

for age-associated conditions is high. The elderly are disproportionately affected by 

facial fractures, with rates having increased over time. A suspected risk factor for facial 

fractures is falls. As such, this study aimed to investigate the relationship between falls 

and facial fractures.  

Methods:  

Facial fracture data were obtained from the Australian Institute of Health and Welfare 

(AIHW) using International Classification of Disease 10th Edition clinical coding data for 

primary diagnoses of hospitalisation in Australia and Census data from the Australian 

Bureau of Statistics (ABS) were used to calculate sex- and age-specific fracture rates. 

Data pertaining to hospitalisations due to falling were obtained from the AIHW.  

Results:  

Concerningly, both fall and fracture had increased over time, a trend more pronounced 

in older age groups. Nasal bone fractures had the strongest correlation with fall-related 

hospitalisation. Results were indicative of a strong association between falls and facial 

fractures in the elderly, especially elderly women.  

Conclusions:  
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Especially in the context of Australia’s ageing population, the results of this study call 

for urgent development of strategies to prevent and manage falls in the elderly to 

minimise trauma-related injury risk.  

 

8.2. Introduction 
 

In Australia, thanks to medical advances and a relatively high healthcare availability, life 

expectancy is amongst the highest in the world (AIHW, 2018a). Consequently however, 

as more Australians are living longer and as the population of the elderly (65+ years) 

increases, the number of cases of injury and illness has been increasing and will 

continue to increase due to the frailty and vulnerability of this demographic group 

relative to younger Australians (Buckinx et al., 2015). 

 

The elderly are at the highest risk of incurring injuries such as bone fractures or severe 

trauma (Berry and Miller, 2008). Though mortality rates have decreased for these 

injuries, non-fatal fractures can often severely impact quality of life for the elderly, who 

have higher morbidity and longer recovery periods. Relative to the rest of the 

population, the elderly are more exposed to more risk factors associated with injury 

and negative health outcomes (Young and Ahmad, 1999). These risk factors include 

increased frailty, decreased bone density – especially in women, and diminished motor 

control and balance (Ashley et al., 1977). Simply put the elderly have both an increased 

chance of falling and of suffering bone fractures subsequently to those falls (Tinetti et 

al., 1988, Berry and Miller, 2008). This Chapter aims to elucidate the relationship 

between fall rates and facial fracture rates.  
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Facial fracture incidence can differ between populations due to risk factors influenced 

by differing social demographics and environments (e.g. prevalence of violence, traffic 

density, alcohol consumption, etc.) (Emodi et al., 2018, Motamedi et al., 2014, Adsett 

et al., 2013). Unlike many other health conditions however, facial fracture incidence 

can also transcend social demography due to unavoidable risk factors such as age and 

sex (Hanba et al., 2016).  

 

Generally, and within the Australian population, the nasal, mandible, malar & maxilla, 

and orbital floor bones have the highest rates of fracture of all facial bones (Dongas and 

Hall, 2002, Velayutham et al., 2012). As such, these bones have been selected for this 

study. Interpersonal violence (IPV), road traffic accidents (RTA), and falls are among the 

most common causes of fracture for these bones; in particular, the mandible is often 

fractured due to IPV, and the nasal bone is often fractured due to falls (Morris et al., 

2015, Hwang et al., 2017). 

 

Facial fracture rates in the elderly have been increasing over time (Qua, 2021d). This is 

especially alarming in the context of the ageing population. Notably, elderly women 

have lower bone density and are more prone to bone-related conditions such as 

osteoporosis (AIHW, 2014, Neuner et al., 2006). It is hypothesised that facial fracture 

rates have a direct relationship with fall rates. Fall rates are expected to be relatively 

similar between sexes. However, elderly females are expected to have higher overall 

facial fracture rates and a stronger relationship between falls and fractures. Relative to 

the other included bones, due to its relative fragility and positioning on the face, the 
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nasal bone is expected to have the highest rates of fracture in both sexes and the 

strongest relationship with fall rates.  

 

8.3. Methods 
 

All data used in this study were de-identified and obtained from open access, web-

based sources. As such, ethics approval was not required.  

 

Australian hospitalisation data (1999 -2016) for fractures of the nasal, mandible, malar 

& maxilla and orbital floor bones were obtained from the Australian Institute of Health 

and Welfare (AIHW) using International Statistical Classification of Diseases and Related 

Health Problems – Tenth Revision – Australian Modification (ICD-10-AM, or ICD) clinical 

codes, a universal diagnosis classification standard required globally for recording 

principal diagnoses for all hospital admissions (AIHW, 2019c). ICD primary diagnosis 

codes were used (S02.2, S02.3, S02.4, S02.6 for nasal, orbital floor, malar/maxillary, and 

mandibular fractures respectively). Fracture rates (incidence per 100 000 individuals) 

were calculated using population data from the Australian Bureaus of Statistics (ABS) 

2001, 2006, 2011, and 2016 census (ABS, 2020). Rates of hospitalisation due to falls 

were obtained from AIHW Trends in Hospitalised Injury reports (AIHW, 2019e, AIHW, 

2018c).  

 

Population data and facial fracture data (which was obtained as number of hospital 

admissions for each fracture as per ICD code per year) were separated by sex- and 5-

year age-groups (0 – 4, 5 – 9, … 81 – 84, 85+ years of age). To account for variation in 
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population by sex and age, fracture rates were then standardised to the Australian 

population. Each year of facial fracture data was standardised against the census 

population for the year, for example: 2003 fracture rates were determined by using the 

2002 – 2006 census population; 2010 using the 2007 – 2011 population, etc. Fracture 

rates per 100 000 individuals were calculated as follows: ே


 * 100 000, where N is the 

number of fractures, and P is the total population for the sex and age group.  

 

Correlation co-efficients for facial fracture rates and corresponding fall rates of each 

age group from 1999 to 2016 were calculated. Rates of elderly age groups were used in 

analysis and correlation calculations; rates of those aged 15 to 39 were also used for 

comparison. 

 

As this study included and was reflective of the entire population of Australia for the 

years 1997 to 2016 inclusive, statistical calculations were not needed to determine 

significance: all differences were considered significant. Analyses including the 

calculation of R2 values and the creation of figures was undertaken using Microsoft 

Excel (2015). 
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8.4. Results 
 

8.4.1. Fall-related hospitalisation rates 

 

There was a clear increase in fall-related hospitalisation rates (henceforth referred to 

as fall rates for simplicity) over time in the elderly (Figure 8.1), with females having 

higher rates than males. Despite this difference, overall trends in fall rates for each age 

group for both genders were very similar across all ages (Table 8.1). Increases in fall 

rates over time also increased with successive age groups in the elderly (Table 8.2). 

Rates for those aged 85+ years were around ten times higher than rates for those aged 

65 – 69 years.  
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Figure 8.1: Fall-related hospitalisation rates (per 100 000 persons) in Australians aged 65+ 
from 1999 to 2014. A) Females B) Males. 
 

Table 8.1. Correlation co-efficients for fall-related hospitalisation rates from 1999 to 2016 
between sexes. 
 

Age: 65-69 70-74 75-79 80-84 85+ 
Correlation 0.984 0.977 0.990 0.985 0.991 

 

Table 8.2: Average yearly rate increases in fall-related hospitalisation rates for elderly age 
groups from 2000 to 2016. 
 

Age: 65-69 70-74 75-79 80-84 85+ 
Female 28 31 48 82 233 
Male 20 33 49 102 241 
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Fall rates for younger adults were far lower than those of the elderly: the average rate 

for females aged 15 – 39 years from 1999 to 2016 was 167, whilst it was 3858 for those 

aged 65+ years; for males, respective rates for those age groups were 370 and 2526. 

However, some interesting trends were apparent in younger adults: male rates were 

higher than female rates, and no patterns of change over time were evident. Though 

female fall rates were lower than those of males, they increased by around 30% over 

time: the average rate for young adult females aged 15 – 39 years from 1999 to 2001 

was 144, and for 2014 – 2016, it had increased to 198. The same rates for young adult 

males only increased by only 5%, from 362 to 381.  

 

8.4.2. Age-specific comparisons 

 

For the elderly, fracture rates were higher in females than in males except for the malar 

& maxilla (Figures 8.2 and 8.3). The female to male ratios of fracture rates for the elderly 

were: 1.26, 1.45, 0.98, and 1.55 for the nasal, mandible, malar & maxilla, and orbital 

floor respectively.  
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Figure 8.2: Fracture rates for Australian females aged 65+ from 1999 – 2014 A) Nasal bone B) 
Mandible C) Malar/Maxilla D) Occipital floor. NB: scales for rate are different for each bone. 
 

 

 
Figure 8.3: Fracture rates for Australian males aged 65+ from 1999 – 2014 A) Nasal bone B) 
Mandible C) Malar/Maxilla D) Occipital floor. NB: scales for rate are different for each bone. 
 

Overall, correlations between facial fracture and fall rates increased with age. 

Correlations were strong in the elderly (Table 8.3), but very weak-to-no correlations 
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were found between facial fracture rates and falls in younger adults (Table 8.4). In the 

elderly, fracture rates of the nasal and orbital floor bones were most strongly correlated 

with fall rates (respectively). Correlations for the malar & maxilla became evident only 

in higher age groups. No correlations existed between fall and fracture rates in all age 

groups for the mandible.  

 

Table 8.3: Correlation co-efficients for facial fracture rates and fall-related hospitalisation 
rates for elderly Australians by age and sex. *** ≥ 0.9; ** ≥ 0.7; * ≥ 0.5. 
  

Nasal Mandible Malar/Maxilla Orbital Floor 
Age F M F M F M F M 

65-69 0.749 
** 

0.847 
** 

0.172 0.203 -0.021 0.347 0.702 
**  

0.493 

70-74 0.898 
** 

0.859 
** 

-0.134 0.048 0.024 0.280 0.825 
** 

0.811 
** 

75-79 0.924 
*** 

0.944 
*** 

0.273 0.325 0.579 
* 

0.612 
* 

0.891 
** 

0.902 
*** 

80-84 0.930 
*** 

0.887 
** 

0.201 0.386 0.822 
** 

0.819 
** 

0.900 
*** 

0.925 
*** 

85+ 
0.939 
*** 

0.876 
** 

0.294 0.442 0.890 
** 

0.843 
** 

0.943 
*** 

0.874 
** 

 

Table 8.4: Correlation co-efficients for facial fracture rates and fall-related hospitalisation 
rates for young adult Australians by age and sex. *** ≥ 0.9; ** ≥ 0.7; * ≥ 0.5. 
 

 Nasal Mandible Malar/Maxilla Orbital Floor 
Age F M F M F M F M 

15–19 -0.648 
* 

-0.463 -0.252 -0.159 -0.542 
* 

-0.527 
* 

0.384 0.039 

20–24 -0.261 -0.348 -0.091 -0.091 -0.365 -0.239 0.248 0.483 
 

25–29 -0.266 -0.036 -0.134 -0.136 -0.533 
* 

-0.152 0.403 0.209 

30–34 
-0.095 -0.044 -0.705 

** 
-0.233 -0.394 -0.063 0.414 0.567 

* 

35–39 
-0.154 0.106 -0.516 

* 
-0.405 -0.675 

* 
-0.401 0.643 

* 
0.719 

** 
 

In the younger age groups (Table 8.4), although very few correlations reached 

significance, it should be noted that correlations in the nasal and orbital floor bones 
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trended towards becoming more positive with increasing age groups. All correlations 

were negative in the mandible and malar & maxilla.  

 

8.4.3. Nasal fractures 

 

In the elderly, correlations between nasal bone fracture rates and fall rates were strong 

for all age groups. For females, correlations were stronger with age, with the highest 

being 0.939 in the 85+ years age group. Male correlations peaked in the 75 – 79 years 

age group at 0.944 and remained high in the latter two age groups. Relative to the other 

bones, the nasal bone had the highest rates and the most apparent increases between 

years and age groups for both sexes (Figures 8.2A and 8.3A). In younger adults, 

correlations for the nasal bone trended positively towards zero with increasing age 

groups, from weak negative correlations (Table 8.4).  

 

8.4.4. Mandibular fractures 

 

Mandibular fracture rates were not correlated with fall rates for the elderly (Table 8.3): 

correlations did increase with age, but none reached significance (correlation co-

efficient ≥ +0.5). This bone also had the lowest fracture rates in the elderly, and the 

least amount of increase over time (Figures 8.2B and 8.3B). In younger adults, 

correlations for the mandible were weak and negative (Table 8.4).  
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8.4.5. Malar & maxilla fractures 

 

Of the four bones, correlations between malar & maxilla fracture rates and fall rates 

had the steepest increases between elderly age groups (Table 8.3), ranging from very 

weak in the younger two age groups, to moderate in the 75 – 79 years group, and strong 

in the 80+ years. Malar & maxilla fracture rates in the elderly were also most similar 

between sexes, at almost a 1:1 ratio. All correlations for younger adults were negative, 

though weak.  

 

8.4.6. Orbital floor fractures 

 

Orbital floor fracture rates in the elderly were strongly correlated with fall rates, 

especially in older age groups (Table 8.3). In younger adults, this bone was the only one 

to have significant positive correlations with fall rates (35 – 39 and male 30 – 34 years) 

(Table 8.4).  

 

8.5. Discussion 
 

Falls are an established risk factor for facial fractures; the elderly are more prone to 

both falling and incurring injuries due to fall-related trauma. These notions have long 

been widely maintained by existing aetiological studies (Berry and Miller, 2008, Young 

and Ahmad, 1999, Emodi et al., 2018, Tinetti et al., 1988, Werning et al., 2004, 

Chrcanovic, 2012) and also by the results of this present study. The results supported 

the initial hypothesis, that fall rates are directly related to facial fracture rates. 
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However, an additional issue was identified whilst investigating that hypothesis: 

alarmingly, rates of both falls and facial fractures in the elderly increased from 1999 to 

2016.  

 

Late last Century, women were 1.4 times more likely than men to incur a fracture as a 

result of falling (Tinetti et al., 1995). The results of the present study are still reflective 

of that finding: fall rates in elderly females were generally just under 1.5 times higher 

than those of their male counterparts, and this difference was maintained over time. 

The difference in rates between sexes may be attributable to lower bone density in 

females which becomes especially prevalent in the elderly (Neuner et al., 2006). 

However, rate increases over time for both sexes were very similar. This indicates the 

presence of a risk factor whose effects are irrespective of sex.  

 

Of the four bones, the mandible was the only one not to have positive correlations 

between fall rates and fracture rates in the elderly (Table 8.3). The positioning and 

structure of the mandible are such that it is more difficult to injure from falling 

forwards. Conversely, the other three bones are situated in the mid-face and are far 

more likely to bear the brunt of an impact with an object or the ground, should an 

individual fall. This difference in positioning may be explanatory of the lack of fall-

fracture rate correlation for the mandible as opposed to the other bones.  

 

The nasal bone is the most delicate and most anteriorly protruding bone on the face. 

These two considerations mean that the bone is relatively easy to injure through falling. 

In the results of the present study, the nasal bone had the largest difference in fracture 



99 
 

rates between sexes while being the bone with the highest rates within both sexes. 

Once again, these results are reflective of previous aetiological studies (Emodi et al., 

2018). It must be noted however, that although the relationship between the sexes 

remained the same, the rates for both sexes rose over time for the studied period. High 

fracture rates of the nasal bone among the elderly, coupled with their high correlations 

with falling that increases with age are indicative of the strength of association between 

falls as a risk factor for facial fractures. 

 

A key factor that must be considered in the context of this study is the presence of pre-

existing conditions in the elderly that may either worsen fall outcome or increase the 

likelihood of falling. These conditions include illness and disease, physical and cognitive 

impairments, and the influence of certain medications (Yoo et al., 2016). Changing 

lifestyle habits must also be considered: according to the AIHW, heavy drinking in the 

elderly (in this instance defined as consuming 11 or more standard drinks on a single 

occasion) showed a statistically significant increase between 2013 and 2016. Moreover, 

Australians aged in their 60s were most likely to exceed National Health and Medical 

Research Council (NHMRC) single occasion risk guidelines of “No more than ten 

standard drinks per week and no more than four standard drinks on any one day.” 

(NHMRC, 2020). Of those in their 60s, 7% exceeded this guideline more than 5 days a 

week in 2016 compared to 5.7% just three years prior, in 2013 (AIHW, 2020a). The 

increase in overall volume of alcohol consumed and the likelihood of excessive 

consumption on a single occasion by the elderly between 2013 and 2016 may be a 

contributing factor to the notable increase in nasal fractures for both sexes between 

2013 and 2016 which does not exist for the other bones (Figures 8.2 and 8.3). 
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In previous research (Qua, 2021a), a very strong correlation was found between facial 

fracture rates (particularly the mandible, a bone commonly injured through IPV and 

RTA) and alcohol consumption in young men. This correlation was particularly high 

when alcohol consumption was on the decline, strongly suggesting that alcohol 

affected behaviours leading to such injuries decreased with alcohol consumption. 

Younger Australians have largely been the target of responsible drinking campaigns; 

whether as a direct result of these campaigns or not, drinking (overall amount 

consumed and excessive consumption per drinking event) has declined since around 

2007 in this demographic group (AIHW, 2020a). In this context, the findings of the 

present paper support the need for changes in policy and perhaps further allocation of 

resources towards preventing alcohol-influenced injuries in the elderly.  

 

It should be noted that, despite the high R2 values and strong aetiological support from 

previous literature, a limitation of this study is that influences on facial fractures from 

non-included confounding factors have not been isolated. Therefore, though an 

association between falls and facial fracture rates is strongly suggested, the degree of 

association cannot be confirmed.  

 

8.6. Conclusion 
 

Falling is a significant risk factor for injury that is associated with ageing, and women 

are more prone to falling than are men (Stevens and Sogolow, 2005). Coupled with 

lower bone density and higher propensity for bone conditions such as osteoporosis, the 
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key findings of this study – that women have higher fall rates and higher fracture rates 

for bones in which injuries are associated with falling -are unsurprising. These findings 

highlight the need for a more rigorous approach to fall prevention in the elderly; aside 

from more thorough and reliable methods of fall-status monitoring, lifestyle factors 

such as alcohol consumption must be curbed. That fall rates and facial fracture rates 

are very likely related and both increasing is extremely alarming, particular in 

consideration of Australia’s ageing population. Strategic policies must be developed 

and enacted to ensure this trend does not continue. Furthermore, investigations should 

be conducted using methodology which may allow for the adjustment of confounding 

factors for clearer isolation of their effects. 
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Chapter 9 

 

9. Projections for Australia’s Future Facial Fractures 

 

 

This Chapter has been submitted for publication in the journal, Asia-Pacific Journal of 

Health Management, and is currently under review.  
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9. Projections for Australia’s Future Facial Fractures.  

9.1. Abstract 
 

Background/aims:  

Facial fractures are an injury type caused by trauma that can affect Australians 

irrespective of social demography due to numerous and varied associated risk factors. 

The aim of this study was to make projections of facial fracture incidences for two 

demographic groups identified as high-risk for certain facial fractures: mandibular 

fractures in young adult men, and nasal fractures in the elderly.  

Methods:  

Hospitalisation data for a period of twenty years (1997 – 2016) were obtained from the 

Australian Institute of Health and Welfare, based on the International Classification of 

Disease 10th Edition primary diagnosis clinical coding system. Age- and sex-standardised 

rates were calculated using Census population data from the Australian Bureau of 

Statistics (ABS)and extrapolated using linear and exponential regressions. Rates were 

then applied to projected population data from the ABS for 2017 – 2026, giving 

projected incidences for demographic groups of interest.  

Results:  

Mandibular fracture incidences in young adult men were projected to decrease 

gradually over time, with a relatively small range between low and high predictions, but 

nasal fractures in the elderly increased greatly and had a large range between low and 

high predictions. This effect was especially pronounced in women due to the 

compounded effect of increasing fracture rates and a growing population. 

Conclusions:  
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Provided that current trends continue, the steep increases in nasal fracture incidences 

in the elderly will place a large burden on the Australian economy and a significant 

strain on the healthcare system. The development of strategies to combat these 

increases must be prioritised, and resources must be allocated to alter these trends. 

 

9.2. Introduction  
 

Due to their associated risk factors, bone fractures are injuries that can affect 

Australians regardless of socio-demographic status or location. Facial fractures are of 

particular interest, not only due to the severity of their impact on an individual’s 

wellbeing, but economic costs associated with their treatment and management 

(Kruger and Tennant, 2016, Kruger et al., 2010).  

 

Previous studies show that there are two demographic groups that have a higher risk 

of incurring facial fractures: younger adult males aged 15 – 39 years, and the elderly 

(aged 65+ years) (Qua, 2021b)Based on longitudinal data, fracture rates for the former 

group have been falling over time, whereas rates for the latter have been rising. (Qua, 

2021d).  

 

Mandibular fractures are the most prevalent facial fracture in adult males. Aetiological 

studies have found this type of fracture to be largely caused directly by blunt force 

trauma as a result of interpersonal violence (IPV) and road traffic accidents (RTA) 

(Emodi et al., 2018). These risk factors are associated with the consumption of alcohol 

(Fabbri et al., 2002, O’Meara et al., 2011). Previously, a very strong correlation between 
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alcohol consumption and facial fracture rates in adult males was found (Qua, 2021a); 

this correlation was especially high with fractures of the mandible, and when alcohol 

consumption declined from 2006 onwards.  

 

The most frequently fractured facial bone in the elderly is, by far, the nasal bone (Qua, 

2021b). The strongest aetiological factor associated with injuries to this bone is falls 

(Hwang et al., 2017). Previous research found a very strong correlation between fall 

rates and facial fracture rates in the elderly, with correlations especially high for nasal 

fractures (Qua, 2021c). The same research also alluded to a link between increases in 

overall and excessive alcohol consumption and facial fractures in the elderly.  

 

The nasal bone constitutes the highest rates of fracture in the elderly and alarmingly, 

population-adjusted rates in this population have risen over time. Conversely, the 

mandible – the facial bone with the highest rates if fracture in young adult men – has 

seen rates decline over time (Qua, 2021d). Based on previous trends in rates (incidence 

per 100 000 population) of nasal and mandibular fractures, future projections will be 

made for fracture rates and incidences of these bones for their respective high-risk 

demographic groups. The key aim of this undertaking is to identify a range of facial 

fracture incidence within which nasal and mandibular fractures are likely to fall in the 

next ten years in Australia for the populations most susceptible to these injuries.  

 

At the time of writing, no such research has been done; this information will be valuable 

in assessing costs and assigning resources towards the prevention and management of 

facial fractures in Australia. In the context of Australia’s ageing population (ABS, 2018d) 
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and the increase in facial fractures in the elderly in the past twenty years (Qua, 2021d), 

it is especially pertinent that considerations be made in the near future to prevent and 

mitigate the effects of high – and possibly rising – numbers of facial fractures in this 

vulnerable demographic group.  

 

According to the Australian Bureau of Statistics (ABS) and the Australian Institute of 

Health and Welfare (AIHW), overall alcohol consumption by the Australian population 

has seen an overall decline over the past 55 years (ABS, 2018a, AIHW, 2020a). Thus, it 

is expected that mandibular fractures in young adult males will also decline, or at least 

remain stable with no increases. However, the same research state that the elderly 

have been consuming alcohol at higher rates as well as partaking in excessive drinking 

on single occasions. Moreover, fall rates in the elderly have also been increasing over 

time (AIHW, 2019d, Qua, 2021c). It is thus expected that projections will show 

continued increases in nasal fractures in the elderly. 

 

9.3. Methods 
 

All data used in this study were de-identified and obtained from open access, web-

based sources. As such, ethics approval was not required.  

 

Australian hospitalisation data (1999 -2016) for fractures of the nasal and mandibular 

bones were obtained from the Australian Institute of Health and Welfare (AIHW) using 

International Statistical Classification of Diseases and Related Health Problems – Tenth 

Revision – Australian Modification (ICD-10-AM, or ICD) clinical codes, a universal 
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diagnosis classification standard required globally for recording principal diagnoses for 

all hospital admissions (AIHW, 2019c). ICD primary diagnosis codes were used (S02.2 

and S02.6 for nasal and mandibular fractures respectively). Fracture rates (incidence 

per 100 000 individuals) were calculated using population data from the Australian 

Bureaus of Statistics (ABS) 2001, 2006, 2011, and 2016 census (ABS, 2020). Projected 

population data were obtained from the ABS with the following modifiers: medium 

fertility; high life expectancy; and medium net overseas migration (ABS, 2018d). Note 

that upon applying the below methods to ABS population predictions with varying 

modifiers, results (i.e., future fracture incidence) showed little variation.  

 

Salient age group, sex, and fractures were chosen for prediction: nasal fractures in 

females in age groups 75 – 79, 80 – 84, and 85+ years; and mandibular fractures in 

males in age groups 15 – 19, 20 – 24, and 25 – 29 years. Microsoft Excel was used to fit 

linear and exponential curves to historical fracture rate data over 20-year, 10-year, and 

5-year periods. The fit of each regression to historical data was evaluated and 

compared using R2 values.  

 

For female nasal fractures, 20- and 5-year linear regressions were chosen as curves for 

bounding fracture rate predictions due to high R2 values corresponding to clear trends 

over both time periods and to provide a reasonable range for possible fracture rate 

predictions. For male mandibular fractures, 10- and 5-year exponential regressions 

were chosen as curves for bounding fracture rate predictions due to high R2 values 

corresponding to clear trends over both time periods, and to avoid predictions of 

fracture rates falling below zero resulting from prediction with linear regression. 
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Predicted fracture rates were applied to ABS population predictions for 2017-2026 to 

derive expected upper and lower bounds for fracture numbers in each year for each 

salient group. 

 

9.4. Results  
 

9.4.1. Overview of trends 

 

Two starkly contrasting results were found: continued, steady decreases in mandibular 

fractures for young adult men, and large increases in fractures in the elderly which 

became more pronounced in higher age groups.  

 

9.4.2. Mandibular fractures in young adult men  

 

Mandibular fractures in young adult men decreased gradually. Predicted ranges for all 

age groups were small. The 15 – 19 and 20 – 24 year age groups had steeper decreases 

in both known (1997 – 2016) and predicted (2017 – 2026) fracture incidences, whereas 

the 25 – 29 years age group had a flatter trend of decline and smaller range between 

10 – and 5-year exponential predictions (Figure 9.1). The 20 – 24 years age group had 

the highest mandibular fracture incidences, peaking at 977 in 2007, but by 2026, 

incidence predictions for the group were predicted to be between 300 and 341 (Figure 

9.1, Table 9.1).  
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Figure 9.1: Historical and predicted mandibular fractures using 10- and 5-year linear 
regressions in young Australian adult males (age groups 15 – 19; 20 – 24; 25 – 29). 
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Table 9.1: Projected number of mandibular bone fractures in young adult Australian men based on 5- and 20-year linear regressions of previous rates & 
R2 value for each regression. 
 

 

  

 Age 
Group 

Prediction Year 
R2  2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 

5-year 
exponential 
regression 

(2012-2016) 

15-19 358 323 292 265 242 223 206 189 174 158 0.93 
20-24 578 541 504 468 436 405 375 347 322 300 0.80 
25-29 444 435 427 418 408 397 386 373 359 346 0.97 
30-34 320 321 322 324 326 327 329 331 332 332 0.07 
35-39 201 206 210 213 215 215 215 215 217 217 0.04 

10-year 
exponential 
regression 

(1997-2016) 

15-19 384 354 327 303 283 266 251 235 221 205 0.95 
20-24 602 569 536 502 472 442 413 387 362 341 0.91 
25-29 442 429 419 407 394 381 368 353 337 323 0.88 
30-34 322 321 321 322 322 322 322 323 322 321 0.33 
35-39 188 188 188 187 185 181 178 174 171 168 0.58 
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It should be noted that for young adult males, from 2017 to 2026, the 30 – 24 and 35 – 

39 years age groups showed very small increases (of 12 and 16 respectively in the 5-

year exponential predictions, but these increases are negligible in the context of the 

projected population growth for the two groups (of 154 246 and 187 986 respectively). 

 

9.4.3. Nasal fractures in the elderly 

 

For nasal fractures in elderly women, the greatest increases and predicted age range 

were in the 85+ years age group Figure 9.2, Table 9.2). By 2026, the 5-year regression 

prediction for this age group (henceforth known as the high) prediction was almost 

twice that of the 20-year regression prediction (henceforth known as the low 

prediction), at 889 and 482 respectively. Even the low prediction however, was 35% 

higher than the last known incidence of 357 in 2016.  
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Figure 9.2: Historical and predicted nasal fractures using 20- and 5-year linear regressions in 
elderly Australian females (age groups 75 – 79; 80 – 85; 85+). 
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Table 9.2. Projected number of nasal bone fractures in elderly Australian women based on 5- and 20-year linear regressions of previous rates & R2 value 
for each regression.

 Age 
Group 

Prediction Year 
R2  2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 

5-year linear 
regression 

(2012-2016) 

65-69 85 94 103 113 123 134 146 157 170 182 0.56 
70-74 102 117 130 144 158 168 181 194 208 222 0.81 
75-79 204 236 274 315 360 420 480 536 594 653 0.95 
80-84 182 205 230 258 285 316 347 385 426 470 0.84 
85+ 395 440 484 531 581 635 692 753 819 889 0.98 

20-year linear 
regression 

(1997-2016) 

65-69 66 69 72 75 79 82 86 90 94 98 0.51 
70-74 84 92 98 105 112 115 120 126 131 137 0.75 
75-79 140 150 162 176 191 212 233 250 268 286 0.75 
80-84 148 158 170 183 195 209 223 241 260 280 0.86 
85+ 297 313 328 345 364 384 406 429 455 482 0.83 
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Trends in both historical and high and low projections for nasal fractures in elderly men 

aged 75+ years were highly reflective of those of their female counterparts (Figure 9.3), 

but around 30% - 50% lower across the board (conversely to elderly people aged 65 – 

74 years, where women’s fracture rates were predicted to be 30% - 50% lower than 

those of men) (Tables 9.2 and 9.3). Though nasal fracture incidences for elderly males 

aged 75+ years were consistently lower than those of females, their projected increases 

were steeper, especially in the high prediction.  

 

 
Figure 9.3: Historical and predicted nasal fractures using 20- and 5-year linear regressions in 
elderly Australian males (age groups 75 – 79; 80 – 85; 85+). 
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Table 9.3: Projected number of nasal bone fractures in elderly Australian men based on 5- and 20-year linear regressions of previous rates & R2 value for 
each regression. 
 

 Age 
Group 

Prediction Year 
R2  2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 

5-year linear 
regression 

(2012-2016) 

65-69  111   125   139   154   171   188   206   225   245   265  0.56 
70-74  124   148   171   194   218   235   255   276   298   323  0.81 
75-79  111   127   146   167   190   221   251   278   305   331  0.95 
80-84  119   137   157   178   200   225   250   281   313   350  0.84 
85+  219   253   289   326   368   414   462   514   571   632  0.98 

20-year linear 
regression 

(1997-2016) 

65-69  72   75   78   82   86   90   94   99   104   109  0.51 
70-74  80   89   95   102   109   112   117   122   127   133  0.75 
75-79  83   90   98   107   116   130   143   153   163   172  0.75 
80-84  86   92   99   107   115   124   132   143   155   168  0.86 
85+  146   157   167   179   192   206   221   238   256   275  0.83 
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9.5. Discussion 
 

The present study aimed to explore future trends in the incidence of facial fractures for 

high-risk groups in Australia, namely mandibular fractures in young adult men. and 

nasal fractures in the elderly. Mandibular fractures decreased in young adult men, 

particularly in the age groups with the highest known historical incidences, despite 

projected growth in the population of that demographic group. On the contrary, the 

incidence of nasal bone fractures in the elderly increased greatly, particularly in higher 

age groups which had the highest known historical incidences. Though they had lower 

incidences, elderly men also had slightly steeper predicted increases.  

 

Smaller ranges in predictions may have been indicative of higher accuracy (pending a 

continuation of current trends). Conversely, a large range in predictions – like those in 

the predictions for the elderly – may indicate a greater potential for variation in the 

actual number. Nonetheless, even the low predictions indicate unwelcome increases in 

the number of nasal fractures in the elderly. 

 

In the best-case scenario – one in which the fewest nasal fractures occur, incidences in 

the elderly are still projected to increase greatly over time. This is due to growth in both 

the fracture rate and population of elderly Australians. Increases in the latter are 

inevitable due to long-term, ongoing trends that have resulted in Australia’s ageing 

population (ABS, 2018c). Due to this compounding effect, it is imperative that strategies 

are enacted to reduce fracture rates within this population.  
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Frailty and diminished motor control are risk factors that indirectly lead to injury, and 

which the elderly are highly susceptible to (Gale et al., 2016). For elderly females, 

known historical nasal fracture rates and incidences are higher than in elderly male. 

This may be due to elderly women having higher likelihoods of pre-existing risk factors 

and comorbidities such as lower bone density, higher susceptibility to osteoporosis or 

osteoarthritis (AIHW, 2014, Neuner et al., 2006).  

 

Though their incidences were lower, elderly males had steeper increases in future 

incidences than elderly females. Because males tend to have better motor control and 

are less susceptible to bone-related conditions such as osteoporosis (Neuner et al., 

2006, Abreu et al., 2010), this result may be indicative of behavioural or other risk 

factors that may not be as apparent as physical decline. Women are also more 

predisposed to falling than are men (Gioffrè-Florio et al., 2018). 

 

Falls are a major contributor of injury in the elderly (AIHW, 2019d, Berková and Berka, 

2018). Previously, it was found that hospitalised injury due to falls (henceforth referred 

to as falls) had a very strong correlation with facial fractures in the elderly (Qua, 2021c). 

This correlation was especially strong for the nasal bone, and both fall rates and nasal 

fracture rates were found to be increasing over time. Considering the results of the 

present study, it is clear that falls are a factor that significantly influence nasal fractures. 
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Consequently, to minimise nasal fractures in the future, measures must be taken to 

decrease the occurrence of falls.  

 

The elderly are a vulnerable population with a high prevalence of pre-existing 

comorbidities such as hypertension and coronary disease (Bozek et al., 2016, McMahon 

et al., 1996, Gioffrè-Florio et al., 2018). Injuries in this group are more difficult to treat 

and manage, and outcomes of treatment are more negative relative to the rest of the 

adult population (Young and Ahmad, 1999, Buckinx et al., 2015, Victorino et al., 2003). 

The elderly are more susceptible to injury due to trauma, and treatment of trauma in 

this age group also incurs a high relative cost and longer hospital stays (Sjögren and 

Björnstig, 1991). Without intervention, the economic and health cost of nasal fractures 

in the elderly will increase greatly over the next decade. It is therefore imperative to 

maximise efforts to minimise injuries.  

 

9.6. Conclusion 
 

Facial fractures are linked to a range of risk factors. Regarding the two high-risk groups 

in the Australian population, mandibular fracture incidences in young adult males are 

predicted to continue a trend of gradually decline. However, if current trends are to 

continue without intervention, nasal fracture incidences in the elderly – along with their 

associated costs – are predicted to increase greatly. Further investigation into the 

mitigation and minimisation of falls and other trauma, and management of 
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comorbidities is urgently needed to reduce nasal fracture incidences in this vulnerable 

demographic group.   
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Chapter 10 

 

10. Discussion 
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10. Discussion 

10.1. Introduction 
 

This research constituted a series of studies examining primary diagnosis data for all 

hospital admissions in the public and private systems for the entirety of Australia. Facial 

fractures of the nasal, mandible, malar & maxilla, and orbital floor bones were 

obtained, based on ICD-10-AM diagnostic criteria codes. For longitudinal analysis, 

twenty years’ worth of population-based data were analysed. Population data and data 

regarding risk factors for facial fractures were obtained from the Australian Bureau of 

Statistics and included in analysis.  

 

10.2. Key Findings 
 

The purpose of this thesis was to use available data to perform a large-scale 

epidemiological analysis of facial fractures in Australia on a national level. The research 

aimed to determine if any key trends and patterns existed in facial fracture incidence 

and rates as well as identifying major associated risk factors for such injuries.  

 

The analyses of facial fractures in Australia highlight strong trends and patterns in 

incidence and rates of such injuries. Elevated levels of incidence and rate are seen in 

young adult males aged 15 – 29 years, with a clear peak being in the 20 – 24 years age 

group (15 – 19 years for the nasal bone). Incidence and rate rise again in the elderly (65 

years), increasing with each subsequent age group; this is particularly evident in 

females. From 1997 to 2016, the peak in young men decreased gradually and 
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consistently. Conversely however, facial fractures in the elderly increased over time, 

with the largest increases seen in the older age group. These trends continue, with 

projections of future facial fracture incidences showing decreases in mandibular 

fractures for young adult males, but alarmingly steep increases in nasal fractures for 

elderly women.  

 

Analysis of risk factors for this thesis demonstrates a strong correlation between 

alcohol consumption and facial fracture incidence in young men. The bone in which 

fractures had the strongest correlation with alcohol consumption was the mandible, a 

bone that is commonly injured in incidences of IPV. In the elderly, a strong correlation 

was found between hospitalisations due to falls, and facial fractures; fractures of the 

nasal bone, an anteriorly positioned and relatively delicate bone often injured via 

falling, had the strongest correlation with falls.  

 

10.3. Addressing the questions 
 

There is relatively limited research into the epidemiology and aetiology of facial 

fractures and similar injuries in Australia. Existing literature is mainly limited to certain 

hospitals and regions or states of Australia. No prior studies have been done on the 

epidemiology of facial fractures for the entire Australian population. This research 

aimed to provide novel insights into discrete demographics and allowed for a gross 

overview of patterns and trends of facial fractures within Australia. In terms of sex-

specific comparisons, results were in line with smaller scale Australian research and 

international studies: a large M:F ratio for facial fracture incidences and rates was 
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identified (Question 1, Chapter 3). Similarly, clear peaks in age groups for any given year 

were evident: the first in young adult males, and the second in the elderly (Question 2, 

Chapter 3). Changes were shown in fracture rates over time: the first peak (in young 

adult males) became smaller, and the second peak (in the elderly) became larger 

(Question 3, Chapter 3).  

 

There were similarities in incidences and rates across the four studied bones, for 

example, there were rises in rates for young adult males and in the elderly for all bones. 

However, incidences and rates varied between bones both in number and between sex-

specific and age-specific groups (Question 4, Chapter 3).   

 

Alcohol consumption was identified as a risk factor for mandibular fractures, and a 

correlation was found between alcohol consumption and mandibular fracture rates 

over time. Similarly, falls were identified as a risk factor for nasal fractures, and a 

correlation was found between falls and nasal fracture rates over time. (Questions 5 – 

8, Chapter 3).  

 

Given a continuation of current trends, the present thesis predicted that mandibular 

fracture rates and incidences in young adult men would decrease gradually over the 

next decade. Nasal fractures rates and incidences in the elderly were predicted to 

increase greatly. These results once again reject the null hypotheses (Questions 9 and 

10, Chapter 3).  
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10.4. Indigenous Australians 
 

Kruger et al. conducted a longitudinal study in 2016 of mandibular and maxillary 

fractures in Western Australia. The results of that study were reflective of the findings 

of this thesis, where the ratio of men to women admitted to hospital due to facial 

fractures was around 4:1, and that fracture rates had increased over time. This study 

also had a focus on socioeconomic disadvantage and identified Australian Aboriginal 

people as a highly disadvantaged and disproportionately affected population for jaw 

fractures (Kruger and Tennant, 2016). The similarities in findings of the study by Kruger  

et al. and the present thesis may be indicative of a wider reflection: socioeconomic 

disadvantages and higher fracture rates seen in Indigenous populations in Western 

Australia are likely reflective of the situation across the rest of Australia.  

 

The same group also conducted an earlier study using GIS. The results of that study 

found rampant inequalities regarding jaw fracture incidence and healthcare 

accessibility between Indigenous and rural Australians versus Australians of higher SES 

in residing in urban regions (Kruger et al., 2010).  

 

As stated above, past research has found that Indigenous and rural communities often 

have higher rates of injury and poorer access to healthcare (Kruger et al., 2010, Kruger 

and Tennant, 2015). Australian Aboriginal people and those living in Indigenous 

communities are also more likely to consume more alcohol (AIHW, 2020a). The findings 

of the current analysis regarding the strong correlation between alcohol consumption 

and facial fractures further imply a link between facial fracture occurrences due to 
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alcohol consumption. These results also highlight the importance of managing alcohol 

consumption in vulnerable Indigenous communities as a strategy to minimise injuries 

like facial fractures in the Australian Indigenous population.  

 

10.5. Ageing  
 

Thanks to recent advances in medical sciences and treatment and management of 

health conditions, life expectancy and quality of life has greatly improved in developed, 

industrialised countries such as Australia. These factors have led to a disproportionately 

(relative to the twentieth century) increased number of elderly people and a rapidly 

ageing population (ABS, 2018c). The proportion of elderly in Australia is also projected 

by the ABS to show continued growth in the future (ABS, 2018d).  

 

Age-associated conditions and increased co-morbidities mean that the elderly are 

prone to having more complications during treatment of health conditions as well as 

longer recovery periods (Buckinx et al., 2015, Sjögren and Björnstig, 1991, Gioffrè-Florio 

et al., 2018). These factors may negatively impact quality of life and increase costs 

incurred by the state and patient.  

 

Given the vulnerability and susceptibility of the elderly to trauma-related injury such as 

falls (Berry and Miller, 2008, Young and Ahmad, 1999, Berková and Berka, 2018), it was 

unsurprising that they were established as one of the two high-risk groups for facial 

fractures. It was, however, unexpected and very alarming to find that rates for this 

group had increased over time and were predicted to increase greatly. These trends of 
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increase were apparent across all elderly age groups and more pronounced in each 

subsequently increasing age group.  

 

Khadka et al. conducted a study in 2019 on trends in aged care service utilisation in 

Australia (Khadka et al., 2019) and found that the overall proportion of elderly 

Australians accessing aged care services did not change over the studied period of 2008 

– 2016. However, they found a decrease in the uptake of services for permanent 

residential care which was concurrent with an increase in utilisation of other aged care 

services. This is an indication of increased independence in the elderly, which could be 

attributed to an increased sense of reluctance to enter permanent residential care 

and/or for increased quality of life and ability to be independent.  

 

According to Khadka et al., there has been a decrease in the utilisation of permanent 

residential aged care services and an increase in other aged care services. However, 

upon reviewing the AIHW’s Trends in Hospitalised Injuries Due to Falls in Older People 

reports of 2006 – 2007 to 2016 – 2017, it is apparent that falls occurring in the home 

and falls occurring in residential aged care facilities have shown very little change, if not 

a very slight increase and decrease respectively (AIHW, 2012a, AIHW, 2012b, AIHW, 

2012c, AIHW, 2013, AIHW, 2017, AIHW, 2018b, AIHW, 2019d).  

 

Older Australians are more likely to relocate to and reside in regional and rural Australia 

(ABS, 2019). The aforementioned study by Kruger et al. on GIS found large inequalities 

in injury rates and healthcare accessibility between Australians residing in rural and 

urban regions (Kruger et al., 2010).  It is therefore suggested that the location of elderly 
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people should also be considered as a potential factor influencing facial fracture 

incidences.  

 

10.6. Alcohol consumption 
 

It is known that alcohol consumption is linked to injury in adults (Leather, 2009, Taylor 

et al., 2010, Milne et al., 2007). This was supported by the analyses performed in this 

thesis that found extremely high correlations between alcohol consumption and facial 

fractures in young adult men when trends for both showed patterns of decline. 

However, in trying to better understand the epidemiology of facial fractures in 

Australia, issues regarding alcohol consumption and ageing/aged care have also been 

highlighted. It should be stressed that facial fractures are an injury type that affects all 

of the population. Their occurrence is associated with a range of risk factors; these are 

also often associated with other injuries and health conditions. As such, facial fractures 

can be reflective of trends, patterns, and rates of various health issues in Australia.  

 

The correlation between mandibular and malar & maxilla fractures in young men and 

alcohol consumption is highly indicative of a direct relationship between alcohol 

consumption and facial fractures due to IPV. This correlation was extremely high when 

both alcohol consumption and fracture rates for young men declined in a linear fashion 

from 2007 onwards (correlation >0.9 for all bones, Table 7.1). Due to the previously 

established consensus that alcohol consumption is linked with higher injury rates 

(Malmivaara et al., 1993, Taylor et al., 2010, Milne et al., 2007), it was unsurprising that 

a relationship was ascertained between the two variables. The result however, was not 
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expected to be so evident. It was also unexpected for the association between fractures 

and alcohol consumption to be especially strong in their declension. This perhaps 

underscores the effects of alcohol on behaviours that result in injury: an interpretation 

of this result could be that in the presence of alcohol, many other factors may also 

influence the incidence of facial fractures. However, the absence of alcohol may lessen 

the extent and influence of those other factors, indicating that alcohol consumption 

likely affects multiple pathways that lead to injury.  

 

In this context, continuing to decrease the amount of alcohol consumed in Australia is 

a key logical step to lowering facial fracture incidences; this is especially pertinent for 

key demographic groups identified as high risk for facial fractures such as young adult 

males. However, factors that can directly cause facial fractures and are influenced by 

alcohol should be investigated further as well.  

 

A culture centred on the consumption of alcohol is widespread in Australia (Simonet, 

2014). This harmful behaviour is largely seen in younger Australians, but also negatively 

affects the elderly, who are consuming large amounts of alcohol and most likely to 

exceed NHMRC consumption guidelines (AIHW, 2020a). Despite the key focus on the 

relationship between young adult males and alcohol consumption, more consideration 

ought to be given to how alcohol affects the elderly and its potential as a significant risk 

factor for injury in this group.   
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10.7. Falls 
 

The elderly are a group at high risk of both falling and incurring injuries through falling 

(Tinetti et al., 1988, Gioffrè-Florio et al., 2018). Results from the studies in this thesis 

confirmed a strong correlation between falling and fractures of the nasal bone and the 

orbital floor which became stronger with increasing age groups (Table 8.3). This 

correlation was very weak or not present at all in young adults (Table 8.4). To further 

substantiate the association between falls and facial fractures, the nasal, malar & 

maxilla and orbital floor ones are all bones that can be easily damaged by trauma 

occurring directly from a force to the front of the face, as in the case of falling forward. 

The mandible, however, is more commonly and easily injured from a sideways force 

which is less often associated with falling. Of the four studied bones, the mandible was 

the bone with lowest injury rates in the elderly (Figures 5.3, 8.3 and 8.4).  

 

Results of this the present thesis showed an increase in fall rates in the elderly. 

Mechanisms and causes of falls must be elucidated and subsequently minimised, as, 

due to the abovementioned reasoning, falling and nasal fractures are almost 

undoubtedly linked.  

 

10.8. Nasal fractures 
 

The nasal bone is the one of greatest concern, as it is the most injured facial bone for 

the most vulnerable and increasing Australian population: the elderly. It is a delicate 

and anteriorly protruding bone which bears the brunt of front-on trauma. That nasal 
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bone fractures are predicted not only to increase, but to increase greatly is alarming 

and should be cause for urgent policy formation and implementation to reduce its 

injury through addressing associated risk factors such as falling and alcohol 

consumption (Hwang et al., 2017, Liu et al., 2019).  

 

10.9. Mandibular fractures 
 

Mandibular fractures were at one point the greatest concern for the non-elderly adult 

population. Whilst they still maintain their status as the bone with highest fracture 

incidences for this population, results from this thesis showed steady decline in rates 

over the latter half of the studied timeframe (2007 – 2016), with predicted further 

declines in the future. Injuries to the mandible are strongly tied to IPV, RTA, and WRI 

(Lee, 2009, Kyrgidis et al., 2013). The results of this thesis strongly support the this link, 

as a correlation was shown between alcohol consumption and mandibular fractures in 

the high-risk demographic of young adult males, and alcohol consumption influences 

the prevalence of the above risk factors (Leather, 2009, Fabbri et al., 2002, Taylor et al., 

2010).  

 

10.10. Facial fractures in an Australian context 
 

There is relatively limited research into the epidemiology and aetiology of facial 

fractures and similar injuries in Australia. Existing literature is mainly limited to certain 

hospitals and regions or states of Australia. Existing literature, however, largely concern 

hospitals and regions in urban areas of Australia (Shand and Heggie, 2000, Schön et al., 
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2001, Dongas and Hall, 2002). Based on the results of the present thesis, it is strongly 

suggested that further research be conducted regarding the causes of facial fractures 

in the elderly, and the epidemiology of facial fractures in rural and Indigenous 

Australians.  

 

The findings of this thesis provided a clear profile of facial trauma patients in Australia. 

Combined with aetiological factors as identified in previous literature, it is evident that 

to address the health issue of facial fractures, a co-ordinated, combined, and multi-

strategy approach would be needed. Simply developing oral health policy in isolation 

would likely not achieve results in the reduction or prevention of facial fractures, but 

integrating and collaborating with general public health and education policies may be 

a more pertinent and effective way to mitigate risk factors and risk-taking behaviours. 

The prevalence of facial fractures as described in the results of this thesis is indicative 

of a lacking in strategy design and delivery that could be ameliorated by the co-

operation of different entities within policy-making. 

 

10.11. In the context of international studies 
 

In a New Zealand longitudinal study (1999 – 2009) on facial fracture epidemiology, 

Adsett et al. found constant injury incidence over time, a M:F ratio of 4:1, and that 

young adult men had the highest incidences. Instances of IPV increasingly contributed 

to facial fracture incidence over the studied time period, with alcohol being a major 

contributing factor. Similar to the above study by Kruger et al., the Maori – Indigenous 

New Zealanders – were disproportionately affected by facial fractures (Adsett et al., 
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2013). The results of the present thesis regarding the link between alcohol consumption 

and fracture incidences, particularly in young men, are consistent with the findings of 

the study by Adsett et al. Though the results regarding overall proportional incidences 

for sexes and age groups were generally comparable between the present thesis and 

the New Zealand study, the trends found were dissimilar. No trends over time for sex- 

and age-specific groups were identified; this was in contrast with the clear trends (of 

decrease and increase respectively) identified in young adult males and the elderly in 

this thesis.  

 

Most studies, international or domestic, identify young adult males as a high-risk 

demographic group for incurring facial fractures. However, the elderly do not feature 

as heavily as a high risk group in international studies (Table 2.1). This thesis has not 

only identified them as such, but also predicted their injury incidences to increase 

greatly over the next decade, given a continuation of current trends. Reasons for these 

results regarding Australia’s elderly population may include contributing factors that 

are unique to the Australian population such as the ageing population, drinking culture 

and alcohol consumption habits, and/or remoteness and geographical distribution of 

elderly Australians (ABS, 2019). 

 

10.12. Future Projections 
 

The present thesis identified two potential significant risk factors for facial fractures in 

Australians: alcohol consumption for mandibular fractures in young adult men, and falls 

for nasal fractures in the elderly. Historical trends and future projections indicate 
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respective decreases and increases in those risk factors and fractures for the two 

demographic groups. However, other factors exist that contribute to the occurrence of 

fractures in the two identified high-risk groups. These risk factors must be elucidated 

to ensure young adult men continue to see a decline in injuries, and more urgently, to 

minimise the increase in injuries in the elderly.  

 

10.13. Limitations 
 

The data used in this thesis were largely from open-access databases such as 

hospitalisation data from the AIHW using ICD-10-AM codes. This allowed for a 

macroscopic longitudinal analysis of facial fractures for the entirety of Australia. The 

key difference between this and previous aetiological and epidemiological studies of 

similar subject matters is that those studies have mainly used data from specific sites 

of admission for medical treatment such as hospitals or regional districts. The trade-off 

for conducting a study on the scale of the present thesis is that due to the confidential 

nature of the data used, it was not possible to tie fracture incidences to causes, and 

conclusions of previous aetiological research had to be dependent upon assumptions 

regarding potential explanations of identified trends and patterns. Individual audits 

were also impossible with the available data, as again, there was a necessary level of 

separation in place for the sake of confidentiality.  

 

The validity of much of the open-access data obtained for the studies of this thesis relies 

heavily upon the quality and accuracy of reporting by the AIHW and ABS. There are 

several layers of reporting and recording, from patient report to clinician data entry and 



134 
 

documentation, in which errors may be made. This is especially relevant regarding 

consistency in the utilisation of ICD-10-AM coding of injuries (as opposed to the 

diagnoses of specific diseases, for example), as there may be inconsistencies in the 

interpretations of reports and methods of recording across individual clinicians and 

different healthcare providers.  

 

As clinical coding data are relevant to hospital admissions, some cases may exist in 

which an individual does not attend a hospital. In cases of facial fractures, this is less 

likely due to the serious nature of such injuries. However, undocumented cases of facial 

fractures are possibly existent and should be considered as a potential source for an 

error.  

 

Though population data sourced from the ABS are of relatively high quality, the sole 

reliance on Census data may still be viewed as a limitation. The Australian Census 

information collection and processing procedures are designed with quality in mind, 

but there are four main sources of error for Census data: survey respondent error, 

processing error, non-response or incomplete response, and counting errors (ABS, 

2006). 

 

10.14. Future research 
 

This thesis provides a firm understanding of the epidemiology of facial fractures for the 

entire Australian population. However, the findings of this thesis are relatively broad, 

as its constituent studies were conducted at the national level. Guided by the 
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epidemiological trends and patterns identified by this thesis, future studies should 

involve a more detailed examination of certain demographics within Australia which 

may have facial fracture trends that are not reflected in the greater population due to 

the size and location of their demography. These groups may include Indigenous 

Australians and rural Australians. Looking into the epidemiology of facial fractures 

within individual states would also be useful due to the geographical differences that 

exist between States, and therefore differences in healthcare availability and provision.  

 

Low SES areas and rural and/or geographically isolated areas may not only have higher 

injury rates and exposure to risk factors, there may also be issues involving access to 

treatment and timely, sustained provision of healthcare. These are, therefore, 

demographic groups that must be studied separately and thoroughly in future.  

 

The costs associated with facial fracture treatment must also be elucidated. The 

present thesis predicted increases in nasal fractures for the elderly. Costs for treatment 

of trauma-related injury for the elderly are relatively high (Sjögren and Björnstig, 1991, 

Ross et al., 1989), so in the context of predicted fracture incidences, the treatment and 

management of nasal fractures for the elderly need to be reviewed to ensure higher 

quality care and lower costs, if possible. Futhermore, investigations into cost savings 

should be undertaken to highlight the benefits of urgent action to reduce injuries in the 

elderly.  

 

In future, quantitative and aetiological research should be conducted to elucidate 

mechanisms of and reasons for injury, as well as predict risk of injury due to time and 
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place. Clearer evidence on degrees of associations that relevant risk factors have with 

facial fractures will enable and inform changes to public policy, legislation, health 

education, clinical practice, and direct further research. For change to occur, a firm 

knowledge base must first be built, from which a network may be created to support 

and sustain these changes.  

 

10.15. Conclusions 
 

This thesis identified two clear demographics within the Australian population that are 

at higher risk for facial fractures: young adult men and the elderly, particularly elderly 

women. The affected bones and mechanisms of injury for these groups are different 

and reflective of their respective exposure to certain risk factors. The mandible is the 

most commonly fractured bone for young adult men; this bone is often injured via blunt 

force trauma due to interpersonal violence or road traffic accidents. For the elderly, the 

nasal bone is most commonly fractured, and injuries usually occur due to falls.  

 

Analysis of longitudinal trends showed that fortunately, there has been a reduction 

over time of mandibular fractures in young adult men., which was predicted to continue 

its trend of decline in the future. A correlation was found between mandibular fracture 

rates for this demographic group and national alcohol consumption (in litres per person 

per year), which strongly suggests that the two are linked. Unfortunately nasal fractures 

increased over time for the elderly, and predictions showed greatly high increases in 

fracture incidences in the future. Concurrently, hospitalisations due to falls also 
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increased for the same demographic. Unsurprisingly, results strongly suggested a link 

between falls and nasal fractures.  

 

It is hoped that the findings of this thesis may serve as a basis for policy development 

and future research. The post pertinent issue surmised in the present thesis is the 

problem of increasing facial fracture rates in the elderly population. These rate 

increases must be managed and mitigated imminently. The elderly are a particularly 

vulnerable demographic group in terms of susceptibility to injury and illness, presence 

of comorbidities, prolonged recovery times, health outcomes, and mortality (Buckinx 

et al., 2015). Fall prevention is an area which needs further financial and research 

investment due to the role of falls in causing facial fractures.   
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