
 
 

Maximisation of postmortem information for 

identification of severely incinerated victims 
 

 

 

 

John William Berketa 

 

 

 

Forensic Odontology Unit 

School of Dentistry 

University of Adelaide 

 

 

 

 

 

A thesis submitted for the degree of Doctor of Philosophy 

at the University of Adelaide 

 

 

 

 

 

 

December 2015



 

ii 
 

Contents 
 

Table of contents                                                                         ii 

Thesis abstract                                                                          v 

Thesis declaration                                                                         vi 

Acknowledgements                                                                                                            vii 

 

Table of Contents 
 

Chapter 1.  Introduction ................................................................................. 1 

1.1Introduction ................................................................................................................... 1 

1.1a Summary  .............................................................................................................. 10 

1.1b Aims and objectives  ............................................................................................ 11 

1.2 Scope of thesis ............................................................................................................ 12 

1.3 References .................................................................................................................. 16 

 

 

 

Chapter 2. A review of the literature .......................................................... 26 

2.1 Introduction ................................................................................................................ 26 

2.2 Maximizing postmortem oral-facial data to assist identification following severe 

incineration. ................................................................................................................................. 26 

2.3 A review of post-cranial facial postmortem data to assist identification following 

severe incineration............................................................................................................ 36 

2.3a      References ................................................................................................... 41 

2.4 A review of the literature regarding training for the identification of severely 

incinerated victims. .......................................................................................................... 44 

2.4a References ........................................................................................................ 46 

 

Chapter 3. Use of a non-volatile agent to stabilize severely incinerated 

dental remains. .............................................................................................................. 47 

3.1 Introduction   .............................................................................................................. 47 

3.2 Background Research  ................................................................................................ 49  

3.2a References  ....................................................................................................... 52 



 

iii 
 

3.3 Manuscript  ................................................................................................................. 53  

 

 

Chapter 4. A study of osseointegrated dental implants following 

cremation. ........................................................................................................................ 62 

4.1 Introduction ................................................................................................................ 62 

4.2 Background Research  ................................................................................................ 62 

4.2a References  ....................................................................................................... 67 

4.3 Manuscript  ................................................................................................................. 68  

 

Chapter 5. Gold Analysis .............................................................................. 77 

5.1 Introduction ................................................................................................................ 77 

5.1a References ........................................................................................................ 79 

5.2 Manuscript  ................................................................................................................. 80  

 

Chapter 6. Cochlear implants in the forensic identification process. ........ 90 

 

6.1 Introduction ................................................................................................................ 90 

6.1a References ........................................................................................................ 92 

6.2 Manuscript  ................................................................................................................. 93  

 

Chapter 7. The utilization of incinerated hip and knee prostheses for 

identification... .............................................................................................................. 100 

7.1 Introduction .............................................................................................................. 100 

7.1a References ...................................................................................................... 103 

7.2 Manuscript  ............................................................................................................... 104  

 

Chapter 8. The use of incinerated pigs heads in dental identification 

simulation. ..................................................................................................................... 112 

8.1 Introduction .............................................................................................................. 112 

8.1a References ...................................................................................................... 114 

8.2 Manuscript  ............................................................................................................... 115  

 

Chapter 9. Conclusion ................................................................................ 126 



 

iv 
 

9.1 Introduction .............................................................................................................. 126 

9.2 Further findings ........................................................................................................ 127 

9.3 Implementation......................................................................................................... 128 

9.4. Significance, limitations, and further research recommendations .......................... 137 

9.5 Concluding remarks ................................................................................................. 141 

9.5a References ...................................................................................................... 143 

 

Appendix A. Achievements ........................................................................ 145 

Further published publications and drafts during my candidature ................................. 145 

Awards  .......................................................................................................................... 145 

Collaborations established.............................................................................................. 146 

Presentations................................................................................................................... 146 

   Future presentations planned .......................................................................................... 147 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

v 
 

Abstract 

 

The identification of victims of incineration events can be an intensive and daunting task as 

the usual comparison methods, including visual, fingerprint, and DNA, may not be possible 

due to the destruction of postmortem tissue.  Dental comparison may also not be possible 

due to damage and further loss of what remains of the fragile dental tissues.  

 

The aim of this thesis is to provide knowledge and practical suggestions to assist the 

identification of deceased persons through the successful recognition, retrieval, stabilisation 

and treatment of postmortem information from incinerated human remains together with 

prosthetic devices and materials within them to facilitate more successful identification 

outcomes. 

 

The stabilisation of fragile dental remains was the first step in successful retrieval of 

information and following pilot studies; non-volatile Clag™ paste solution stabilising agent 

was identified as the material of choice. Further testing on sheep heads, then trials on human 

mandibles, produced positive results. An alternative of using a plain flour solution is also 

offered where Clag™ paste is unavailable. In parallel studies for cases where dentition 

would not be available, the retrieval of numerical data from the most commonly placed hip 

and knee incinerated implants was investigated and the use of information from cochlear 

implants, dental implants and gold alloy analysis were also considered.  

 

This research has proposed practical suggestions that have already been placed into practice 

to maximise postmortem information of severely incinerated victims. 
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Chapter 1 

1.1 Introduction 

 

 
Fire is the rapid oxidation of a material in an exothermic chemical process of combustion, 

where heat, light, and various reaction products are released. Fires start when a flammable 

or a combustible material, in combination with a sufficient quantity of an oxidizer such as 

oxygen gas or another oxygen-rich compound is exposed to a source of heat or ambient 

temperature above the flash point for the fuel/oxidizer mix, and is able to sustain a rate of 

rapid oxidation that produces a chain reaction. This is commonly called the fire tetrahedron. 

Fire cannot exist without all of these elements in place and in the right proportions (1, 2). 

 

Fire has been present on earth dating back to 440 million years ago when oxygen became 

more prevalent (3). Fire has been shown to be vital to the life and development of humans. 

The control of fire by early humans was a turning point in evolution. It allowed humans to 

cook food, leading to improved nutrition, and obtain warmth in plunging global temperatures 

(3). Fire also allowed the expansion of human activity into the dark and provided protection 

from predators and insects. The temperatures produced by fire allowed forging of weapons 

from copper, bronze and, eventually, iron. Disposal of bodies by cremation in burial rituals 

dates from the Neolithic period (2). 

 

In addition to the positive benefits of fire to humans there are hazards. The effect of fire on 

human tissue ranges from skin burns to almost total destruction in the cremation process, 

depending on the proximity to the fire, temperature and duration of the heat (2). Temperatures 

reached from fires have been reported to be as high as 1350°C in a tunnel fire (4).  House 

fires are usually lower than 900°C (5-7) although this is dependent upon ventilation and fuel 
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(8). The roof of a burning car may reach over 1000°C (1,7)  and temperatures in the 2009 

Victorian bushfires were estimated to be over 1000°C  (9).  High-speed train, aircraft and 

terrorist bombings may produce various degrees of burning and temperatures depending 

upon the type and amount of fuel load and are therefore difficult to measure consistently.  

 

The effect on human tissue varies dependant not only on these temperatures but also the 

duration of exposure. The scale for burn injury to human remains was classified by Crow 

and Glassman in 1996 (10). The skin and hair are the first tissues to be effected by heat, the 

skin might tighten then split, followed by rupture of the abdominal cavity with the prolapse 

of intestinal loops. The muscles will contract and the tongue will extrude giving some 

protection and support to the teeth (2, 11). 

 

With intense heat, combustion and pyrolysis create physical changes to the bone and teeth 

(1). There is loss of moisture and organic material such as collagen creating shrinkage up to 

37% over 1000°C (12) leading to cracking, deformation and fragmentation of bone. The 

colour of bone will change from a grey black charred appearance to a blue white appearance 

due to increased crystallinity from approximately 645°C (13).  

 

The teeth, although containing less moisture than bone, also contract. The facial soft tissues 

will initially protect the teeth, however the orbicularis muscle (being thin and circular) will 

retract due to the denaturing of protein. Most often the anterior teeth will experience more 

burning than the posterior teeth (2, 7, 14). As the fire continues the entire tissues of the face 

will burn exposing the posterior teeth to the radiation heat. Research by Sandholzer et al. 

concluded that the average volumetric shrinkage in teeth ranged between 4.78% (at 400 °C) 

and 32.53% (at 1000°C). The major increase in shrinkage occurs between 700°C and 800°C, 
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with no significant statistical difference between lower temperature groups (15). Tooth colour 

will change from grey brown to blue-white to white when no organic material remains (7, 16-

18). Tooth morphology is generally well preserved even at high temperatures, in contrast to 

burned bone (15). However, burnt teeth become extremely fragile and enamel may separate 

from the dentine (7,19) with deep fissures observed at 800°C.  These fissures are most 

noticeable between restorations and dentine (17, 19, 20) and the crown may totally separate from 

their root bases (2, 9, 16). Roots will either remain within the sockets of the fragile alveolar 

bone or drop out depending upon forces acting upon them such as gravity, accidental damage 

by fire fighters and scene recovery officers, falling debris or vibration from movement (21-

23). 

 

 

Following the death of a human, identification is required for legal and ethical reasons (24-

26). The identification of an individual is fundamental in our society and is based on law to 

have scientific proof before death certificates are issued. Death certificates are required to 

allow the disposal of the body by cremation or burial, the estate to be finalised, the possible 

resolution of child custody, life policies to be paid out, for remarriage to occur and assist 

legal authorities with criminal prosecutions (27). The identification also allows closure to 

friends and relatives of the deceased. Without certainty of identification, the bereaved could 

spend a lifetime wondering if their loved one was in fact the victim. The constant wondering 

does not allow grief resolution and may precipitate chronic grief and depression (28). 

 

Methods of identification should be scientifically sound, reliable, applicable under field 

conditions and capable of being implemented within a reasonable time frame (29). The 

primary means of identification for those not able to be viewed for visual identification are 

fingerprint analysis, comparative dental analysis and deoxyribonucleic acid (DNA) analysis 
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(29). Unique serial numbers from medical implants may also be reliable identifiers in proving 

identity (29,30). Secondary means of identification include circumstantial evidence, medical 

findings, tattoos, facial superimposition, anthropological profiling as well as property and 

clothing (29, 30). These secondary means of identification are ordinarily not sufficient as a sole 

means of identification, although depending on the circumstances there might be some 

exceptions (29, 30).  

 

Victims from fires present difficult problems of identification and the phrase “burnt beyond 

recognition” is still being coined both in the media and in scientific papers (31, 32). Victims of 

incinerations can be from a variety of incidents such as motor vehicle accidents (11, 33-41), 

wildfires or bushfires (23, 42-45), aircraft accidents (11, 46-53), train collisions (54), ship fires (55-57), 

funicular fire (58), terrorist bombings (59-61), suicides (33) and building fires (41, 51, 57, 62-64).  The 

increasing temperature of the earth’s climate (65-67) creating more fuel for bushfires/wildfires, 

increasing high speed travel (68) and political instability are generating more chances of these 

incidents occurring. Also following homicides some perpetrators deliberately try to destroy 

the evidence by incinerating the body (41, 69-73). Incineration events globally continue to 

frustrate forensic scientists in their ability to bring about conclusive information leading to 

the identification of severely incinerated bodies (2, 11, 14, 55, 74-76). 

 

At severe incineration events, fire will damage or destroy physical evidence such as clothing, 

documents, tattoos, fingerprints, and hair (2), leaving DNA and dental comparison as the only 

possible primary methods for identification depending upon temperature and damage to the 

tissues. As temperatures rise within incineration incidents, there is a breakdown of the 

organic components and a subsequent increase in the degradation of DNA for sample testing. 

Cattaneo et al. concluded that DNA was not amplifiable in experimentally burnt human 
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compact bones when heated to 800–1200°C for 20 minutes, as well as in charred bones 

obtained from actual forensic cases (77).  Imaizumi et al. found that no amplification was 

found in the specimens burnt at 250°C or higher in bone (78) and Fredericks et al. concluded 

that no DNA targets were amplified from bovine bone heated to 210 to 250°C (79). As fire 

requires the combination of fuel, oxygen and a high temperature to be active (1),  if a person 

is discovered flat against a non-combustible material the  tissue already burnt might act as a 

barrier to oxygen penetration and as an insulator to the deep tissues even though it appears 

that a victim is totally incinerated. In such situations DNA might be retrieved from these 

deeper tissues (80). The dental pulp of a third molar might be an excellent source of DNA (69). 

Continuing research on testing for DNA might make improvements on the sensitivity of 

DNA testing and recent reports suggest that cementum might be the best source of DNA, 

although testing using incinerated teeth is still required to confirm this in incineration events 

(81, 82). 

 

The lack of visual and DNA information in severe incinerations highlights dental 

comparison as an important method for identification. Forensic odontology has been used 

for identification of incinerated victims for a considerable period of time.  As early as 1869 

victims of a boat fire on the Ohio river were identified by dentists (57). In 1898 Amoedo wrote 

a thesis titled “L’art Dentaire en Médecine Légale” based on the dental identification of 

many victims in an incineration mass casualty fire event at the Charite de la Bazar, Paris in 

1897 (57). Since the publication of his thesis the use of forensic odontology has extended 

throughout the world and many published articles where dental evidence has proven to be 

successful in identification of incinerated victims (9, 11, 23, 33-40, 43-54, 56-58, 62, 63, 74). However 

there are difficulties with regards to odontological identification which requires comparison 

of dental records from treatment during life (antemortem records) with the findings at 
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postmortem. There may be lack of antemortem information (due to poor record keeping and 

sourcing of records) and in the case of severe incineration there is often a lack of postmortem 

information.  

 

Conventional dental comparison utilises the dental restorations placed during life discovered 

within incinerated remains as the main method of dental comparative analysis (14, 43, 45, 46, 50, 

52, 54, 55, 73, 83). Dental radiography of the retrieved dentition can ascertain conditions not easily 

detectable in burnt oral tissues such as tooth coloured restorations, endodontic restorations, 

impacted teeth, retained roots, implants, fracture hardware and bony pathology (14, 51, 84-87). 

The anatomy of tooth crowns and roots, and morphological relationships between teeth are 

important identification tools, and become more so when no restorative work is present. 

Dental implants are becoming more popular as a form of dental treatment for tooth 

replacement (88). They are usually composed of commercially pure titanium, titanium alloy, 

zirconium or a combination of either material (89, 90). They have a high melting point (91, 92) 

and the detection of dental implants can aid in identification of by identifying the type, make, 

and sizes of the implants, as well as  their position within the oral cavity (73, 93).  

 

Where there are few or no teeth, or few distinguishing features in the teeth, other methods 

of identification may be utilised. Mastoid processes air cells, nasal sinuses and frontal sinus 

morphological comparisons could be applied (72, 94-103); however, this may be susceptible to 

error (104, 105) especially if there has been bone shrinkage and warping.  

 

Postmortem information collection of dental information starts at the scene of the incident. A 

fire scene is always treated as a crime scene until there is sufficient evidence to contradict that 

presumption. Any interference cannot be undone and care must be taken not to introduce 
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contamination, such as accelerants that may interfere with subsequent investigation. When 

severely incinerated human remains are involved detection and recognition of information to 

assist identification is a key component of the investigation. It is often evident from images 

taken at a scene that dental postmortem information may be lost transporting the remains to the 

mortuary for examination (21-23). Cracking is usually observed on the outer surface of exposed 

dentition closest to the heat source as this is where the dehydration begins first, with further 

cracking emanating from the pulpal chamber at higher temperatures (16). However the cracks in 

the incinerated bone and the teeth will increase if there is uneven support on either side of the 

cracks when any force is applied either in lifting the remains or transporting them.  By adhering 

the two sides of the crack together it inhibits the crack progressing further into either the bone 

or tooth.  Also the loss of organic material such as the periodontal ligament may allow single 

rooted teeth to fall out of their sockets.  Adhering the tooth roots to the surrounding alveolar 

bone will assist in maintaining its correct anatomical position.  

 

Loss of restorations and disruption to the normal anatomical arrangement with the separation 

of teeth from the alveolar bone requires anatomical recognition of the tooth segment and 

opinion on from where individual teeth, roots or segments of teeth have originated rather than 

the certainty of the teeth retaining their anatomical position. Methods to minimise these 

scenarios of displaced dentition have been reported (7, 76). Plastic bubble wrap can protect the 

head by acting as a shock absorber during transportation (51) and wrapping or bagging will keep 

the dental evidence to the confined head area (21). Mincer et al. reported a number of methods 

cited by odontologists to stabilise incinerated human remains. Cyanoacrylate and poly vinyl 

acetate (PVA) were the most common choices, with almost 25% of surveyed odontologists 

using these materials (76). To stabilise anthropological specimens, Grevin advocated the use of 

a glue gun (106), Fairgrieve (2) suggest the use of PVA water based glue whilst Mayne Correia 
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and Beattie (107) also suggested soaking bone fragments in water diluted PVA for 1 minute to 

stabilise them. These methods would not be practical or desirable with incinerated dental 

remains at a scene.  

 

The carefully controlled placement onto the exposed teeth of non-radiopaque materials such as 

cyanoacrylate adhesive or transparent nail polish will produce positive stabilising results (7, 53). 

They also allow forensic odontologists to obtain radiographs without further damage to the 

teeth (7, 51, 76). If a large amount of cyanoacrylate is flowed onto the face the separation of the 

mandible for a subsequent intra-oral examination may not be easily controlled due to the 

strength of the glue. There is also the risk that any glue, if not completely dry, will stick to 

prematurely applied wrapping materials.  

 

Materials that require precise placement also require recognition of which structures to treat. In 

many instances scene attendance by forensic odontologists is not the norm.  This may be due 

to remote distances, and insufficient resources or manpower. Multiple concurrent scenes in a 

bushfire scenario would overstretch many departments. A less precise method, which can be 

applied to the face by non-dentists, may be valuable. 

 

In severe incineration cases contact materials require extremely careful touching of the fragile 

ashened dental structures. Use of a spray has been suggested to avoid direct contact with the 

fragile tissues, however spraying of cyanoacrylate is not advisable as an occupational health 

issue for scene officers. Micro droplets may form invisible solid particles of cured 

cyanoacrylate, as it sets with moisture (108), get trapped behind the eyelids, cause abrasive 

damage, are difficult to see and to remove (109).  
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A major issue with use of many possible stabilisation materials, including cyanoacrylate and 

hair lacquer, is the introduction to the scene of volatile chemicals which have a similar profile 

to fire accelerants. This may interfere with investigations either at the scene or subsequently at 

the mortuary into how the fire was caused. 

 

Restorations are frequently missing at the postmortem examination. With high temperatures, 

amalgam restorations may melt above 1000°C (11, 19, 110, 111) and composite resins begin to 

change shape at approximately 800° (110) to 900°C (11) but can (due to the fissure cracking of the 

dentine), fall out after 400°C (111, 112). Acrylic resin has a lower melting point and may ignite in 

direct contact with fire (11). Botha reports that gold alloy will melt between 870°C to 1070°C 

(11) and Merlati et al., reported that all gold alloys tested had melted at 1100°C (111). Endodontic 

gutta percha will tend to honeycomb (19) and boil out between 615°C to 815°C (11, 19). Porcelain 

has a high melting point temperature with a melting point of 1370°C (11).  If there is a suspicion 

that a restoration has fallen out, detection by scanning electron microscopy (SEM) might be 

able to detect the striations of bur markings where a restoration was once in place (2, 111). 

 

Other medical information could be pre-existing bone pathology or foreign bodies which might 

assist identification (113, 114) and medical implants or devices that might be retrieved. Jewellery, 

piercings, penile nodules, pacemakers, orthopaedic plates, screws, rods, intraocular lenses, 

spinal devices, skull caps, gastric bypass clips, surgical wires, staples, metallic stents and 

implants such as knees, hips, shoulder, ankle devices and penile nodules might be found (24, 115-

129). Computer tomography scanning of burnt bodies is therefore highly advisable to assess what 

objects might be present and their position within the charred remains (34, 113, 115, 130-132). 

 

1.1a Summary 
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The natural human tissues and man-made artifacts utilised for identification are all affected by 

severe incineration. What might be available for identification following severe incineration is 

listed in Table1. 

 

Table 1. Postmortem available for identification following severe incineration 

Postmortem information Comment 

Visual – Eyes, hair, tattoos, Lost at high temperatures. 

Ridge analysis- fingerprints Lost at high temperatures. 

DNA Degraded at high temperatures- could be scavenged 

from deep insulated tissues or teeth. 

Dental restorations 

comparison 

Could be dislodged or altered in form at high 

temperatures. Possible elemental analysis. 

Dental anatomy comparative 

analysis  

Crowns could be dislodged. Some cracking of roots and 

could also be dislodged. 

Bone structure analysis- 

frontal sinus, mastoid 

processes 

Due to shrinkage - bone deformation, distortion and 

cracking.  Unreliable. 

Dental implants Not serial numbered, position in relation to anatomical 

structures could be useful to match antemortem 

information. 

High melting point medical 

devices without numbers  

 

Position in relation to anatomical structures could be 

useful to match antemortem information.  

High melting point medical  

numbered devices  

Accepted by Interpol if unique serial number(29), 

however numbers could be severely charred, oxidized 

and unretrievable. 

 

From the list above current methods of identifying severely incinerated victims are: dental 

information from restorations and tooth morphology, medical implants with serial numbers, 

matching dental implants and other medical devices to antemortem information and elemental 

analysis of dental restorative materials. However there are problems as mentioned earlier with 

each method and gaps in the knowledge to identify ways of maximising the postmortem 

information available.  
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1.1b Aims and Objectives 

The general aims of this research were to address the following research questions: 

1. Are published methods of stabilisation valid and appropriate? 

2. What new methods could be used to provide useful data for identification? 

3. What training would assist scene officers and odontologists to maximise data from 

incinerated human remains? 

 

In order to achieve the aims, the following specific objectives were formulated: 

1. To review stabilisation methods for dental tissue and restorations and develop new 

methods to limit the loss of information.  

2. To validate that dental implants can remain stable even under high temperature 

assault so that information can then be matched to antemortem records. 

3. To investigate and create a predictable method of retrieving numbered data from 

medical implants. 

4. To investigate the method of elemental analysis on gold alloys.  

5. To formulate a training protocol to instigate suggested protocols. 

 

 

1.2 Scope of thesis  

 

This thesis is presented as nine chapters containing an introductory chapter, a published 

literature review chapter with an expanded literature review, a further six chapters of which 

five contain published or accepted or draft for publication papers and a conclusion chapter. 

All have the specific aim of maximising postmortem information of incinerated material for 

examination, but highlight different ways in which this may be accomplished. There are 
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three central themes: stabilising incinerated remains to maximise the potential for a 

conventional dental comparison, use of other data and techniques to enhance available 

postmortem information, and training in recognition, handling and examination of 

incinerated remains to extract maximum postmortem information for examination. Each 

chapter contains an introduction and background research leading to the published paper or 

prepared manuscript. A conclusion chapter summarises this body of research. Publishing 

choices have resulted in alternate English spellings (United Kingdom and United States) for 

some words throughout this thesis. 

 

Chapter 1 introduces the effects and consequences of fire on humans, and discusses 

postmortem problems of incineration cases. Reasons for embarking on this study and 

research aims are outlined.  

 

Chapter 2 presents a published review of the researched literature on maximising 

postmortem oral-facial data to assist identification following severe incineration. Following 

this publication, the scope of research was expanded to include medical implants that could 

be used for identification and training requirements for scene officers and forensic 

odontologists. Further reviews of the literature are included to incorporate these topics.  

 

Chapter 3 looks at the problems of stabilisation. Methods to stabilise teeth have been 

published but data to show effectiveness of maintaining the integrity of teeth within bone 

was not available. Personal case experience also suggested that scene retrieval personnel did 

not routinely apply stabilising agents in South Australia. On discussion with the state’s 

police officers involved in scene recovery they indicated concerns about lack of time and 

skill needed to accurately identify dental material and painstakingly apply the most 
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commonly recommended material, cyanoacrylate glue. They also expressed concern about 

volatile vapors emitted from any stabilising agent, which would compromise investigations 

if testing for fire accelerants were required.  I therefore considered what attributes were 

desirable for an ideal stabilising material and method. Essential characteristics were that it 

firstly was effective and would not lead to further loss of information; it wouldn’t interfere 

with either visual or radiographic examination; it would not contain human DNA; it would 

be nontoxic and easily applied to a large area; and it would be readily available, stable and 

reasonable cost. Given the limitations of the published methods, I looked to developing a 

material to fulfill these traits. 

 

Chapters 4-7 are concerned with other data and techniques to assist identification and include 

research on dental implants, the characteristic of dental alloys, cochlear implants, and 

artificial hips and knees. In many cases, the position within the bone and angulations relative 

to anatomical structures is sufficient to give weight to implants as identification features. I 

have previously published data on recognition of dental implant brand. Chapter 4 explores 

the effect of incineration on implants embedded within bone. Colour and dimensional 

changes were investigated and the question posed “Would it be possible in a blind study to 

identify an individual from just implants and its burnt superstructure?”  

 

Chapter 5 investigates the possibility of increasing postmortem knowledge by SEM and 

elemental analysis of dental materials. Even if a gold crown has melted in a severe 

incineration, the elements of the alloy should still be present. Two theories were tested to 

increase the possibility of establishing identity. Firstly, could a laboratory be traced from 

analysis of dental alloy used for gold crown construction, and could this knowledge assist in 

tracking the identity of an incinerated individual where no circumstantial evidence is 
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available to hint at who the victim might be? Secondly, could alloy analysis be used to 

confirm the identity against laboratory records when, due to the ferocity of the fire, there is 

very little other postmortem evidence available? 

 

During recovery of incinerated human remains it is standard practice to collect debris from 

around the head. A device that is increasing in availability, but on which there was no 

published data, is the cochlear implant. These are attached to the outside of the cranium 

around the mastoid process and could easily detach once the overlying skin has been 

vaporised by fire. The appearance of a burnt rectangular or circular object with wires 

attached may be misinterpreted as a piece of jewellery or hardware structure. Chapter 6 

documents the appearance of such devices following incineration. This gives scene officers 

and odontologists valuable information to recognise such devices. The mere presence of 

such a devise considerably narrows the field of missing persons. The ability to retrieve from 

the incinerated body of the device a unique serial number would significantly enhance the 

postmortem data. 

An extension of the work on dental and cochlear implant oxide layers and inner chambers 

for serial numbers lead to research documented in Chapter 7 on retrieval of serial numbers 

from other medical implants. Hips and knees were chosen as the medical implants to study, 

as they are the most common prostheses implanted. Studies were undertaken to determine 

the location of the serial number, if data numbers could be retrieved from totally charred 

hips or knee implants, and the best materials and methods to facilitate this process 

 

Issues of training for scene retrieval personnel were addressed in Chapters 3 and 6, but I also 

felt that a training exercise for odontologists could be created at minimal cost. Chapter 8 

describes the development of the exercise material and procedures.  
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Chapter 9 discusses further literature since the articles were published, further findings, and 

the successful implementation of my studies to actual casework. Limitations and further 

research recommendations are also suggested. 

 

An Appendix summarises further publications during my candidature, awards received, 

collaborations established, presentations given and future presentations planned.  
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2.3 A review of post-cranial facial postmortem data to assist identification following 

severe incineration. 

 

 Following severe incineration, with the loss of identifying features such as visual, fingerprint, 

and DNA, there could be also being situations where no oral-facial information is available.  

The victim could be edentulous, the incineration is extremely severe or that there has been 

irretrievable accidental or deliberate damage to the oral-facial tissues. Fortunately, other parts 

of the body might reveal sufficient information to allow identification. There could be bony 

pathology (1-9), calluses from earlier bone fractures (4, 10, 11), aesthetic insertions (12, 13) or medical 

devices (13-21). 

 

There have been identifications of burnt bodies utilising bony information, but severe 

incineration will deform and warp bone so care should be exercised (22-26). Following the World 

Trade Center attacks on 11th of September 2001 one of the deceased fire-fighters was identified 

by comparison of congenital malformations of his cervical vertebrae and a piece of jewellery. 

However, DNA results matched a different person who also had malformation of the same two 

vertebrae (4). 

 

Metallic objects of high melting points should survive an incineration event. A Computer 

Tomography (CT) scan may reveal medical implants or devices (27). Items that could survive 

are jewellery such as rings and watches (28), body piercings (studs, chains or rings), heart 

pacemakers (18), orthopaedic plates used to stabilise healing fractures (19), rods also used for 

healing bone fractures, screws used by themselves or in combination with plates and rods (4), 

spinal devices such as Harrington rods or dens supports (4, 21),  gastric bypass clips, surgical 

wires (17), staples (29), metallic stents, implants such as knees (20, 30), hips (30), shoulder (21), ankle 
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devices and penile nodules (12, 31) might be found (4, 10, 12, 14, 17, 20, 21, 27, 32-35). The CT scanning of 

burnt bodies is therefore highly advisable to assess what objects might be present and also the 

indication of position within the charred remains would speed up recovery of these devices (13, 

15, 33, 36-38). 

 

The most common medical device are bone healing plates (traumatic fixation devices) (30). They 

are usually metallic flat plates or chain structures made from alloys, such as cobalt–chromium–

molybdenum, stainless steel, or titanium (30) fastened with nails, screws, bolts, nuts and washers. 

Some plates do have numbering upon them (4, 19, 30), and Mataso et al. (19) published an article 

where they were successful in identifying a  burnt victim where the numbering was quite easily 

read. I have noticed that rods utilized for healing may also have numbers along their shafts.  

 

Takeshita et al. (34)  published an article where an intramedullary nail inserted within a right 

femur allowed identification as there were  multiple parts and lot numbers, resulting in 

extremely low probability of the same combination of lot numbers being present in multiple 

individuals. The numbering may not be a unique serial number, but as the screws may also have 

lot numbers etched on their heads, the combination of specific numbers of screws, the 

orientation and sizes of screws together with these lot numbers may add substantial weight to 

a victim’s identification if corresponding antemortem records are located. This case confirmed 

the use of multiple lot numbers of implantable devices in forensic identification (34).  

Simpson et al. (4) presented a case where, although there was no lot numbers, the matching of 

antemortem radiographs to postmortem radiographs of two metal Harrington rods connecting 

the T4 to L3 vertebrae was sufficient to establish identification. Also, in the same article, a case 

where an orthopaedic plate fixed to the left ulna by six screws aided substantially to identity 

being established (4). 
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Total or partial arthroplasty accounts for the next most common reason for implanted devices. 

Total arthroplasty is the replacement of an entire joint complex. Usually there is more than one 

part with a total hip replacement consisting of the acetabulum and femoral head being replaced 

by metal and/or plastic (polymer) components. Partial arthroplasty is the replacement of a part 

of the joint complex. For example, a partial knee replacement consists of the replacement of 

only one or both condyles of the tibia, the femoral component or the patella. Arthroplasty parts 

are typically constructed of metals such as stainless steel, titanium, cobalt/chromium, and 

ceramics for the sturdy sections, with possibly polymer parts where friction is involved. There 

could be multiple different manufacturers within the same joint replacement, which can 

complicate the individuation process yet if this combination is unusual this would add more 

weight to the reconciliation process. Arthroscopic implants are recognizable following 

cremations or situations of extreme burning because the implant main shaft sections are usually 

quite large, have an obvious shape (compared to screws, nails, bolts and plates that can be 

confused with building material debris) and they maintain their morphological shape enough 

for easy identification amongst the rubble (30).   

 

Any information obtained from an implanted prosthesis requires matching with antemortem 

data. In America, the Safe Medical Devices Act (SMDA) of 1990 and the FDA Food and Drug 

Administration (FDA) requires implant manufacturers to have the ability to track devices to 

patients through the purchasing physician/hospital in case of device flaws and/or failure (30). 

The Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) 

fully implemented a registry across the country in 2002 to track arthroscopic implants (39). The 

American Association of Orthopedic Surgeons (AAOS) instituted its own tracking system for 

joint replacements in 2004 (30). Many hospitals or medical care groups hold their own database 

for joint replacements (39), although the surgeons’ notes will be the best source of the 
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identification because the serial number of the appliance, the part number, and the manufacturer 

information should be in these records (30). 

 

 

Owing to both the increase in length of life of people in the developed nations and the obesity 

epidemic throughout the western world, hip and knee replacements account for most of the joint 

replacement devices (30, 39). In a case report by Murray and Caiach (20),  a victim was severely 

burnt, yet identification was confirmed by matching the serial numbers on a knee prosthesis 

with the joint serial number and with co-existing anatomical abnormalities of the suspected 

victim (20). In a case reported by Simpson et al. (4) radiographs of a right hip prosthesis were 

corresponded with antemortem radiographs of the occupier of the premises, believed to be the 

deceased, and together with a calcified uterine fibroid noted in both pre and postmortem 

radiographs, this substantiated the identification of the victim (4). 

 

Published cases where other devices have assisted in identification are; Blau et al. reported that 

following a plane crash the fragmented partially burnt remains were CT scanned revealing a 

ring and two screws (15), Siva et al. (35) published two cases which fixation wires in patellas 

allowed identification, Bennett and Benidix (14) reported that  an EBI osteostimulator was 

utilised for homicide  identification  case where the victim was burnt, Hinchcliff (37) mentions 

the use of breast implant serial numbers for identification, Scott et al. (29) reported on a surgical 

clip and seven staples discovered on skeletal remains which helped identify a person that had 

been missing for almost a decade; and Makinae et al. reported on the use of pacemaker 

programs in successfully identifying a victim of 2011 tsunami in Japan (18). 

The previous reports highlight the successful use of medical devices in bringing about 

successful identification of victims.  However, the discovery of a medical implant within human 

remains does not always establish positive identification. The lack of individual identifiers on 
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devices limits the identification of deceased individuals from medical records. They either are 

not uniquely serial numbered or the damage to the device from the incident, which created the 

death of the victim, has limited the data available for reconciliation. This may occur with severe 

incineration where the soft tissue has failed to insulate the device sufficiently that the device is 

damaged, charred or oxidized.  There appears to be a gap in the literature regarding the retrieval 

of data from implanted devices where there has been charring or oxide build up obscuring the 

numbering and/or the manufacturer’s logo. There needs to be a successful method developed 

and then tested so that valuable information hidden beneath the buildup on implanted devices 

is successfully revealed. 
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Forensic odontology knowledge can be gained by reading the many well-written textbooks and 

encyclopedias worldwide (1-8). Also many courses are offered in teaching forensic odontology, 

both university postgraduate training through a Graduate Diploma, Masters or PhD program 

and also through a College system.  However, forensic odontology cannot simply be carried 

out by dentists without specialty training (9). Untrained and inexperienced personnel can cause 

delays and compromise victim identification (10). During the South Asian tsunami of 2004, a 

principal error component reported was due to inexperience of the operators (11). Brannon and 

Kassler also suggested that advanced planning and training of all dental personnel can eliminate 

most of the problems that occur in dental disaster victim identification (10). A review by De 

Winne comments that the world is still poorly prepared to handle major disaster incidents not 

just in so-called underdeveloped countries, but also in well-organized and industrialised 

countries such as the United States of America with the example of hurricane Katrina in New 

Orleans in August 2005(12). 

 

Therefore, to be competent in forensic odontology there needs to be supervised hands on 

casework. Explaining a skill verbally is not the most effective way to promote either the amount 

of material retained nor the length of time for which it is retained (13). The “see one, do one, 

teach one” combines the benefits of different learning styles. The process involves trainees in 

seeing or learning the skill, doing it themselves, and then teaching the skill to another person. 

Maximum learning results are obtained when the learner goes through these activities (13) 

Unfortunately, with forensic odontology, it is difficult to predict if there will be sufficient real 

life casework to gain sufficient practical experience nor would it be ethical to create casework 

purely as a teaching exercise. 
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Mock victim identification exercises are a way of introducing training where there is a lack of 

steady casework available. In Vancouver Canada, to provide a prepared team of dental members 

training, a mock disaster exercise (Operation: DENT-ID) is conducted annually in association 

with the British Columbia Coroners Service and the British Columbia Forensic Odontology 

Response Team. The exercise enables areas of strength and weakness to be identified as well 

as assuring the authorities that the dental team is appropriately trained (14). 

 

In cases of severe incineration, the level of skill required to manage the postmortem information 

correctly is greater due to the fragility of incinerated remains and the possible lack of material 

available. I was unable to discover any reported literature where mock training in the forensic 

odontological identification of severely incinerated victims has been reported. Similarly, scene 

police officers that are tasked in recovering the remains of these severely incinerated victims 

do not have freely available published articles or manuals for referral. The training 

communicated to me is hands on training and incorporated within the general topic heading of 

processing the victims. The requirements and difficulties of forensic odontologists in such cases 

need to be communicated to scene officers so that a specific training regime is set for these 

circumstances. Although training exercise will not duplicate a real life situation, the need to 

prepare for such events as realistic as possible utilising animal tissues is likely to assist forensic 

odontologists, scene officers and ultimately the reconciliation process.  
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remains 

 

3.1 Introduction  

 

Evidence of loss of dental postmortem information from the scene to the mortuary is a 

continuing problem. In for example the 2009 Australian Victoria bushfires, due to separation 

of tooth fragments (leading to loss of postmortem information), the forensic odontologists were 

required to give opinions with minimal information on which to base a reconciliation decision. 

It was evident from the images taken at the scene that a substantial amount of dental postmortem 

information was lost transporting the remains to the mortuary for examination (1-3). This lack of 

postmortem information continues to frustrate odontologists and anthropologists (4-10). 

Similarly, in motor vehicle incinerations, quite often retrieval of the victim leads to the loss of 

postmortem information. Images taken at the scene (Figure 1.) highlight useful dental data such 

as the missing 24 tooth, however recovery at the mortuary of recognisable tooth structures are 

minimal as shown in Figure 2. Reconstruction of fractured sections of tooth (Figure 3.) and 

bone material introduces possible errors and loss of certainty. If the teeth have been avulsed, 

replacement into the sockets requires verification of placement position utilising radiographs at 

the mortuary. 

 

Chapter 3 

 

Use of a non-volatile agent to stabilize severely incinerated dental 
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Figure1. Portrait image of incinerated deceased showing retained roots and the 24 missing. 

 

 

Figure 2. Dental information recovered of the same case as Figure 1. 
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Figure 3. Reconstruction of fractured dental information. 

 

Clearly there was a lack of use of stabilisation agents and/or lack of knowledge in handling of 

incinerated dental remains by scene officers.   

 

3.2 Background Research 

Chapter 2 highlighted methods to stabilise dental remains. To provide evidence and information 

for scene officers to utilise stabilising agents, I tested various materials mentioned by Mincer 

et al. (9), but excluded dental materials that would not be readily available in supermarkets or 

general hardware stores to the scene officers in rural locations. I utilised cigarette ash, as an 

extreme example of what could be achieved. I discovered that brushing on materials would 

destroy some of the ash structure and that materials that could be sprayed were a better 

proposition. Hair spray would give a fine mist yet wasn’t as strong as clear enamel gloss spray. 

When sprayed at a distance, sufficient retention was achieved to hold not only the cigarette but 

also the ash in its form even when the tile it was resting on was turned upwards as can be seen 

in Figure 4. 
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Figure 4. The bottom cigarette and its ash are seen remaining in situ when sprayed with the tile 

turned up. 

 

With this initial success, I devised and supervised a postgraduate study into stabilisation of 

incinerated sheep mandibles, utilising a commercially prepared clear lacquer gloss spray 

available in a ready to use spray can. This study has been recently published (11). However 

during presentation of the results, police scene officers pointed out their extreme reluctance to 

use the product. Their concern was that volatile vapors emitted from any stabilising agent might 

compromise a scene if testing for accelerants was required.  As crime scene investigators, they 

were reluctant to contaminate their own and/or pathologist’s investigations and would therefore 

not use the product routinely. Testing for volatiles can be sampled at the scene but also later at 

the mortuary especially beneath the body. I devised a pilot study to determine the extent of 

spread with a paint spray and various methods such as clear plastic pipes, to limit the 

contamination spread. Unfortunately, in ideal conditions, such as good access and no wind, 

there was still a spread of aerosols of greater than 55 centimetres (Figure 5). 
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Figure 5. Stone model of a head sprayed with containment device allowing measurement of 

aerosol radius. 

 

It was clear that a method to stabilise the incinerated remains utilising a non-volatile agent 

needed to be developed (and tested) that would be accepted by scene officers and forensic 

pathologists. The following published article that describes the various materials I tested for 

stabilisation, the subsequent testing of initially successful products on sheep mandibles, and the 

results following testing on human dental tissue. 
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Chapter 4 

 

A study of osseointegrated dental implants following cremation 

 

4.1 Introduction  

 

A dental implant is a prosthetic device, usually cylindrical in design, that is inserted into either 

or both the upper or lower jawbone, onto which an artificial tooth, crown or bridge or denture 

can be anchored. Dental implants are typically constructed from titanium or more recently some 

manufacturers are constructing their implants from zirconia or a combination of titanium and 

zirconia (1, 2). The placement of implants has become widespread throughout the world and 

Gaviria et al. state that in 2010 in the United States of America, about 100,000-300,000 dental 

implants are placed per year (3). Coupled with the properties of dental implants such as high 

melting points, high resistance to corrosion and robustness, the likelihood of implants present 

in the deceased in the future would likely increase. 

 

4.2 Background Research 

 

During my postgraduate forensic odontology study, which began in 2006, my research project 

was in my special interest of dental implants. I could foresee that they would become a more 

popular form of treatment with the use and the number of companies manufacturing them would 

likewise multiply and would be another good source of postmortem information. I researched 

the history of dental implants and devised a sieving system using the shape, threaded or non-

threaded, tapering, flange shape and apex as morphological markers when analysing dental 
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implants radiographically (4). Differences of the groove patterns in the apex and the use of 5mm 

stainless steel balls (Ref. 6034321 D3352, Sirona™, Charlotte, USA) to analyse the dimensions 

of the implant were highlighted (4) and a blind study involving 200 images of dental implants 

was conducted and published (5).  

 

In 2009 I was asked to assist with dental implant recognition following the Victorian bushfires. 

Even though I was confident in providing an opinion, it occurred to me that the effect of severe 

heat on the implant might affect the morphology of the implant and I decided to expand my 

research into testing dental implants when exposed to high temperatures.  

 

A review of the literature at that time provided no information on possible changes such as 

warping, sagging and oxide build up on implants following severe heat exposure.  

Commercially pure titanium and titanium alloy dental implants have a melting point greater 

than 1650˚C (6) Although the melting point of titanium metal is much greater than the  reported 

temperatures of fires (7-9), metals may sag (creep) at a much lower temperature than their melting 

point. Sagging in metals occurs when T > 0.3–0.4TM for metals where T is the temperature 

and TM is the melting temperature in degrees Celsius minus 272.15 (6). It was important to test 

implants to ascertain if the sagging might be of such magnitude that the individual features of 

the implants would no longer be recognisable radiographically.   In a controlled laboratory 

study, implants from the most popular brands were radiographed in predetermined position, 

heated in a porcelain furnace to 1125°C and changes documented(10). Utilising Photoshop® 

CSV2 (Adobe® San Jose, USA), an image subtraction technique showed that there was a slight 

increase in size due to the build-up of an oxide crust yet the individual features of grooves and 

threads were still recognisable.   
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An unusual finding of this study was the gold-like colouring of the commercially pure implants 

compared to the 3i™ titanium implant which remained a grey colouring. I decided to analyse 

the crust layers of the heated implants to determine what was in the oxide layers. Scanning 

Electron Microscopy and Energy Dispersive X-ray Analysis (SEM/EDAX) revealed that the 

gold colouring observed was pure titanium and oxygen, yet the grey oxide layer seen on the 

3i™ implants contained titanium, aluminium and oxygen with no vanadium detected (10). 

 

During my research with implants and contact with company executives I was informed that 

the Straumann™ company (Basel, Switzerland) had begun to place batch numbers within the 

chambers of their dental implants. Matching the batch numbers to the notes of the surgeons 

would increase the weight of evidence linking the identification of that victim.  The number of 

Straumann™ implants with the same batch number varies from 24 to 2400 (11) and although 

this needs to be taken into the context of world distribution, ideally companies producing 

implants etch an individual serial number within each implant.  

 

It became apparent that when the Straumann™ implants were incinerated, the oxide layer 

obscured the batch number and that various chemical treatments to remove the oxide layer to 

reveal the batch number was unsuccessful. However, dental implants usually have a healing 

screw or an abutment sealing the chamber. When an abutment was attached before incineration 

to 1125˚C, the lack of oxygen within the chamber restricted the oxidation so that the numbers 

could be read when the abutment was removed. Following the laboratory research, I decided to 

test the effect of incineration of implants in an animal study. Ideally it would have been 

beneficial to place implants within live sheep, wait three months for osseointegration, then 

conduct the study. However, due to the high cost and animal ethics considerations, it was 

decided to test implants initially within mandibles of adult sheep sourced from the abattoir.  
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 As in the previous study (11) radiographic images of the implants taken before the firings were 

compared to the images taken after the firings utilising the computer software Adobe® 

Photoshop® CS. SEM/EDAX was again utilised for analysis. Results obtained indicated that 

the batch number within the Straumann™ implant was again still clearly visible whilst 

elemental analysis detected bone elements, serum salts as well as titanium. Of significance 

compared to the earlier research was that the pure titanium implants did not exhibit the gold or 

straw colour but a grey appearance. This led me to studying the various oxide layers on metallic 

implants together with advice from Professor Valerie Linton from the Mechanical Engineering 

Department of the University of Adelaide and Simon Cox a professional forensic fire 

investigator. It became clear that if oxygen availability is limited then the excessive oxide layers 

seen in the gold colouring would not be present. This limited pilot study was promising but the 

next logical step would be to examine dental implants that have been osseointegrated in human 

bone.  What would be the effect of human tissue being burnt on these implants, what colour 

changes would be observed? What dimensional changes would occur? Do the recovered 

implant dimensions correspond to the stated manufacturer’s size parameters? Would it be 

possible in a blind study to identify an individual from just implants and its burnt 

superstructure? These questions needed to be answered to increase the knowledge of 

incinerated implants. 

 

Due to strict human ethics restrictions and lack of facilities such as a body farm, it took time to 

plan and satisfy the university’s authorities to receive permission to conduct the next logical 

step in my study of dental implants. It was not until the end of the following year when I could 

utilise the bodies donated for dissection anatomy tuition for examination and ultimately find a 

suitable cadaver for human osseointegration study. This study can be read in the following 
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manuscript.  
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Chapter 5 

 

Gold analysis 

 

5.1 Introduction  

 

During my scanning electron microscopy (SEM) elemental analysis (EDAX) of the 

superstructures in the previous chapter to ascertain if the framework was either a 

titanium or gold alloy superstructure, I was curious to investigate the actual gold content.  

If a gold crown had melted in a severe incineration, the elements of the alloy should still 

be present. I considered two research questions. Firstly, if a particular laboratory only 

used a specific dental alloy or if the period of time during which given alloys were 

available was known, this could assist in tracking the identity of an incinerated individual 

where no circumstantial evidence is available to hint at who the victim might be? 

Secondly, if antemortem records are available could the alloy analysis be used to confirm 

the identity against laboratory records where, due to the ferocity of the fire, there is very 

little other postmortem evidence available? A similar study by Bush et al. investigated the 

recognition of composite resins (1) and in cremated individuals using a portable X-ray 

fluorescence (XRF) unit (2) as they  predicted that the ability to distinguish resin brands 

could aid in positive identification of burn victims. Similarly, Aboshi et al. evaluated 

porcelain crowns by wave dispersive X-ray microanalyser (EDX). Their preliminary study 

showed that surface analysis by EDX may have great potential for identifying the 

composition, and thereby the manufacturers of dental porcelain, which in turn may assist 

dental identification (3). 
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Following discussions with my supervisors it was decided to conduct elemental analyses 

of gold crowns that required recementing from patients in Adelaide as a sample base. This 

chapter describes my study, the lack of success in matching the alloy contents to the 

published manufacturers contents and reasons for the limitations in this study. 
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5.2 Manuscript 
 
Prepared as a draft for publishing 

 

All that glitters is not gold 

 

Introduction 

 

Following severe incineration of a victim of a fire, the destruction of tissues may lead to the 

need to utilise information not normally investigated. Postmortem information collected may 

include dental gold alloy restorations, whether intact or in a deformed state. In 1973, Rotzsher 

et al. suggested that analysis of dental alloy may narrow choices to help establish the identity 

of a victim. They further proposed that manufactures add one or two tracer elements to signature 

their product (1). The short half-life of suggested tracer elements and cost involved prohibit this 

as a reasonable suggestion. However, the proliferation of many dental alloy companies and 

products today provides differential diagnostic possibilities. If a particular laboratory only used 

a specific dental alloy this could assist in tracking the identity of an individual. Bush et al. have 

previously investigated the recognition of composite resins (2) and in cremated 

individuals using a portable X-ray fluorescence (XRF) unit (3) and Aboshi et al.  have 

evaluated porcelain crowns by wave dispersive X-ray microanalyser (EDX) (4). In a 

homicide case  in Japan, a comparative analysis of porcelain found at the scene and porcelain 

removed from the suspect's abutment tooth, was analysed by scanning electron microscopy 

(SEM) and electron probe X-ray microanalysis (EPMA)  with the  elemental composition of 

each sample said to be identical (5). 

 

http://europepmc.org/abstract/med/1766148/?whatizit_url_Species=http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1118549&lvl=0
http://europepmc.org/abstract/med/1766148/?whatizit_url_Species=http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1118549&lvl=0
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 The aim of this study was to conduct elemental analyses of gold alloys from patients and to 

compare the analyses against provided information from dental alloy companies to see if 

matches could be made.  

 

Methods 

 

Scanning electron microscope (SEM) aluminum alloy mounts with carbon conductive tabs 

within a single mounted storage tube (Figure 1) were utilised to collected gold alloy dust from 

gold coloured crowns that have been dislodged from patients. A diamond encrusted flat fissure 

bur was utilized within a high speed handpiece to obtain the gold dust specimens to limit metal 

contamination. 

 

Samples were analysed utilizing a XL30 FEGSEM (Phillips, Amsterdam, The Netherlands) 

with EDAX EDS. Images with an example seen in Fig. 2 were obtained at 2500x in backscatter 

electron imaging (BSE) mode using a 20kV beam and elemental analysis was for 20 seconds 

at spot size 3. 

 

An internet search on the web was performed to source information regarding the content of 

dental alloys from major dental alloy suppliers to dental technicians. Elephant Dental Alloys (6) 

and Aurident Inc. (7) provided charts for comparison. Dale Dental Company (8) and Argen 

Dental (9) provided search engines for comparison.  Results were rounded to the nearest percent, 

and a plus one and minus one degree of error was accepted. Discussions with dental technicians 

in regard to techniques and alloys used were also documented. 

 

Results 
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The results of the analyses of the alloys are tabulated in Table 1.  

Elements are listed in the first row, with the percentages listed below. 

Au Ag Cu Pd In Ti C O Ga N Cr Sr 

11.2 14.94 6 40.92 26.94        

12.03 21.46 10.73 33.1 22.68        

16.03 27.35 7.04 23.36 16.23  9.98      

23.98 31.25 11.47 18.93 14.37        

25.98 62.57 11.45          

28.74 56.01 7.79    7.46      

28.89 64.06 7.05          

58.75 5.12 15.65 9.75   10.72      

59.35   27.79   11.17  1.69    

62.09 8 14.58    15.33      

62.33 9.64 11.92 16.11         

63.01 18.12 9.99    5.99   2.89   

66.84 6.93 6.77   19.46       

68.9 9.09 16.56 4.23       1.23  

69.29 6.94 15.39    8.38      

69.99 10.9 19.11          

70.9 13.97 15.13          

71.59 10.7 17.71          

71.9 10.52 11.71 5.86         

72.11 7.96 13.36    6.57      

72.66 13.64 13.7          
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73.25  12.29    14.17      

73.85 17.58 8.57          

75.02 12.24 12.74          

77.15 6.55 4.92    9.32 1.37     

77.4 12.21 7.53         2.86 

77.8 12.71 9.49          

78.29 8.44 7.48 5.79         

78.38 11.8 9.82          

80.51 9.27 5.66 4.56         

82.83 9.28 5.03     2.86     

90.09 9.86    0.05       

91.81      8.18      

95.48 3.53 0.99                   

 

Comparison with the internet charts and search engines of the dental alloy providers yielded 

only two possible matches with samples 26 and 27. Both could be Argen DAPcast 77 or Argen 

LWO77 or Aurident AM dental alloy. 

 

Discussion 

 

A more accurate measurement would be possible utilizing electron probe analysis (174) although 

sample preparation would be more difficult and require preparation in the form of a polished 

block. The failure to produce only two matches from a sample base of 33 samples suggest either 

possible overheating of the alloys during original crown production, creating a inhomogeneous 

mix, or that a broader sample base may be required. Multiple testing of different sites and 
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samples with an average range would reflect a more accurate result and testing by an expert in 

the field of metallurgy is also recommended. Also the habit amongst technicians to re-utilize 

old sprues and buttons from previous castings to minimize costs creates mixing, which could 

add different compositions of elements to the final alloy casting. 

 

With the advent of globalization and faster courier services, no longer would it be logical to 

assume that a local technician cast the alloy under investigation as it might have been cast 

interstate or even overseas thereby making it difficult to track the dental technician.  

 

The American Dental Association requires that alloys classified as high-gold content must have 

at least 40% gold by weight and at least 60% noble metal content. In England and Scotland the 

National Health Service regulations specify the alloys that may be used in cast restorations in 

dentistry and the use of non-precious alloys is only permissible in full-coverage restorations 

and resin-retained bridges (11). The policing of the regulations may prove a difficult and 

expensive exercise and of note is that the Australian Dental Association does not specify a full 

“gold ” crown as item 618 in their schedule but simply define the item as a full metal crown 

(12). 

 

Recently, IdentAlloy® (Glastonbury, CT, USA), provides dentists and laboratories with a way 

to verify and record the content of the restoration materials they select. Laboratories obtain 

certificates from participating manufacturers and suppliers and they include the appropriate 

certificate with each case sent to dentists. Materials manufacturers and suppliers qualify for the 

program once they agree to conform to rigid requirements for compliance with material 

specifications. This makes the certificates invaluable not only for labs and dentists but also for 

forensic investigations. In 2013, 20.7 million certificates were issued, and if this trend of 
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verification increases and adopted world wide, with appropriate regular auditing reviews of the 

certification processes, the investigation into the type of alloy recovered postmortem would be 

justified. 

 

There have been references in the literature regarding the melting point of gold alloys 

suggesting the temperature that a fire event occurred (13, 14). The broad range of gold and other 

elements within modern alloys suggests that this subjective assessment may no longer be valid 

unless an extremely thorough assessment and testing by a specialist metallurgist of the alloy is 

conducted.  

 

Conclusion 

 

The proposition that gold alloy discovered postmortem may lead to the laboratory source and 

hence a dentist should not be assumed. 
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Fig. 1 Scanning electron microscope aluminum alloy mount with carbon conductive tab within 

a single mounted storage tube 
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Fig. 2 Image of gold alloy dust particle 
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Chapter 6 

 

Cochlear implants in the forensic identification process 

 
 

6.1  Introduction 

 

When scene officers attend an incineration event and recover an incinerated victim, it is 

advisable to also gather the material around the head (1, 2). Valuable postmortem information 

such as loose crowns, roots, dental implants, and restorative structures may fall through the 

ashes and be lost to the identification process unless it is collected at the scene. Forensic 

odontologists or scene officers collecting this debris might locate a cochlear implant.  

 

Cochlear implants are metallic or ceramic cases containing electronic hardware to stimulate 

sound to the cochlear in deaf people. They are attached to the outside of the cranium around the 

mastoid process and could easily detach once the overlying skin has been vaporised by fire. 

The appearance of a burnt rectangular or circular object with wires attached may be 

misinterpreted as a piece of jewellery or hardware structure.   

 

Although becoming popular, no literature had been published regarding the use of cochlear 

implants for identification, yet the postmortem information provided by a cochlear implant 

could prove to be significant. I was interested to compare what changes occurred in these 

implants compared to dental implants and whether serial numbers would be readable following 

cremation due to the charring and oxidisation. As the cochlear implants are expensive and the 

intellectual property is well guarded, the companies were reluctant to physically pass on any 
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implants. Fortunately I was able to get four implants cremated by the companies and supervised 

the image taking. The results are presented in the following published paper. 
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Chapter 7 

 

The utilization of incinerated hip and knee prostheses for 

identification 

 

7.1 Introduction 

 

The University of Adelaide’s Forensic Odontology Unit works in unison with Dr Ellie Simpson, 

who is in charge of anthropological issues at the Forensic Science Centre of South Australia. 

To understand the roles of other forensic scientists and prepare us for collaborative teamwork 

during my postgraduate studies in forensic odontology I was instructed to attend the subjects 

of Comparative Anatomy and Applied Anatomy provided by the Medical School of the 

university. Whilst this training is clearly insufficient to qualify me as an expert in anthropology, 

the foundation knowledge and subsequent casework with Dr Simpson has broadened my 

knowledge in other areas of the body. Following my research of the oxide layers and inner 

chambers with dental and cochlear implants I was encouraged to investigate if incinerated body 

implants could also be used for identification.  

 

After dental implants, knees and hips are the most common type of prostheses implanted. The 

Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) began 

in 1999. Their records until 2013 indicate that there are (in an Australian population of 

approximately 23 million) at least 588,000 Australians alive with either a hip or knee implant. 

Records also show that 29.6% of these recipients have more than one implant. The popularity 

of these implants is not restricted to Australia as globally they are becoming extremely popular. 
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Similarly to dental and cochlear implants, they have high melting points and their macroscopic 

features are retained following cremation yet become charred and oxidised. Also the chambers 

inside hip implants are similar to dental implant chambers but on a much larger scale. As in 

dental implants, the numbers are at the base of the chamber, the air and hence the oxygen for 

oxidation is limited and many implants are made from titanium.  

 

There have been articles highlighting the use of prostheses in identification (1-7) as well as a 

specific book by Branovacki looking at morphological shapes of femoral implants from 1938-

2008 (8), however no study has been published detailing if data numbers could be retrieved from 

totally charred hips or knee implants or the best materials and methods to facilitate this process. 

Although orthopaedic surgeons and company representatives were obviously knowledgeable 

of the identification numbering, the forensic community I contacted were lacking this 

knowledge. Importantly, if implants were investigated without prior knowledge, damage by 

acids or severe sectioning might negate any chance of retrieving the identification data. 

 

 Hips and knees were chosen as the medical implants to study as they are the most common 

prostheses implanted in Australia. I was therefore able to source sufficient osseointegrated 

implants to form a study from revised operations from the Royal Adelaide Hospital orthopaedic 

unit. These were used to study the position of the data, to conduct pilot incinerations and to test 

the many formulations of chemicals and physical materials to reveal the numbers.  The findings 

from hip and knee joints implants may be able to be utilised for other medical joint implants, 

although further testing would be required to confirm the results.  

   

As well as ethical issues that had to be addressed, there were complexities that required 

professional legal opinions.  Interpretation of the Transplantation and Anatomy Act 1983, 
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permission from the Coroners office, Births Deaths and Marriages office, crematorium and 

access to confidential data of the AOANJRR all had to be in place for this study to occur.  A 

requirement imposed by the Ray Last laboratory was that they would not reveal the identity of 

the bodies. Therefore, a protocol had to be devised to enable testing of the use of the prosthesis 

identification numbers through the records of the AOANJRR. It was determined that the 

AOANJRR would be asked, to provide the names corresponding to batch numbers. The names 

were then provided to the Ray last laboratory, who indicated how many matched with their 

donor list. 

 

Similarly to the dental implant research, I received permission to utilise the bodies donated for 

dissection anatomy, which I am grateful for, but statistical numbers were, therefore, limited. A 

considerable amount of trial and work included testing and critical evaluation of methods to 

remove oxide layers obscuring implant numbers and retrieving the identification numbers from 

the prostheses. This chapter presents the published paper and is a synopsis of that work.  
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Chapter 8 

 

The use of incinerated pigs heads in dental identification 

simulation 

 

8.1 Introduction 

 

To maximise postmortem information, it is vital to create and maintain an appropriate  

protocol and quality control, with the enforcement of that protocol through Standard 

Operating Procedures (1).  

 

Although all types of casework in forensic odontology are demanding, incineration cases 

offer the most challenges in examination of extremely fragile remains. A mistake in 

procedure can result in damage to teeth and irretrievable loss of data prior to documentation. 

Literature recommends photography and radiography prior to charting; a reversal of the 

usual order of examination due to the need to visually document, and cautions of the fragility 

of the tissues (2-7). There is, however, no substitute for practical experience in examination 

of incinerated remains. 

 

During my candidature I devised and supervised a training exercise designed to simulate a 

disaster where victims were severely incinerated to prepare for such events. Handling and 

processing severely incinerated heads identifies flaws, weaknesses, and adds the “do one” 

in the “see one, do one, teach one” approach to improve skills(8). Criteria considered when 

developing this resource module were: ethical issues, ease of preparation and cost. Religious 
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sensitivities of foreign odontologists and students might also be a factor in choosing animal 

heads for training. 

 

Ethical restrictions on human tissues for training necessitate the use of animal heads for 

cremation and subsequent examination. Pigs (Sus Scrofa) heads are usually readily available, 

do not necessitate the sacrifice of an animal if sourced from an abattoir, are inexpensive and 

similar in size to human heads. They are an omnivore rather than herbivore and the enamel 

and dentine from swine and human teeth share structural similarities (9). Pigs’ heads would 

seem to be an ideal animal model for such a training exercise but produced unexpected 

results. This study has been accepted for publication and can be read in this chapter. 
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Chapter 9 

 

Conclusion 

 

9.1. Introduction 

 

The causes of severe incineration of individuals in fire events such as motor vehicle accidents, 

plane and high speed train crashes, native vegetation fires, residential and commercial fires and 

terrorism are unlikely to diminish.  Identification of these victims not only aids in the healing 

process for surviving relatives and friends by bringing about closure but also is required for 

legal reasons (1-3). The destructive nature of fire limits what postmortem information is available 

for comparison methods of identification. The literature review revealed specific topics which 

could be further investigated to improve the amount and quality of postmortem information. 

This study looked at: 

 what information does remain,  

 how can this information be maximised,  

 testing products that would preserve the material yet not interfere with criminal 

investigations,  

 identifying surviving medical devices and materials from which information could be 

retrieved, 

 investigating a training method to examine severely incinerated heads and  

 implementation of these research findings through publications together with national 

and international presentations. 
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This thesis comprises an introduction, a chapter reviewing the literature, followed by a series 

of chapters presented as either published papers, or as a draft manuscript, containing discussions 

all on the topic of maximising post-mortem information. This concluding chapter discusses 

further findings since the initial study, the current implementation of the findings, the 

significance of the outcomes of this research project together with limitations and suggestions 

for possible directions for future investigations in this area. 

 

9.2. Further findings  

 

Since the publication of the review chapter, there has been further literature published regarding 

identification of severely incinerated victims. In 2012, Tümer et al. mention the importance of 

testing for accelerants following homicide as there could be deliberate burning of the corpses 

to destroy evidence (4). This article reinforces the importance of my study in utilising a volatile 

free stabilising agent on ashen remains. Reesu et al. in 2015 published a review on dealing with 

incinerated human dental remains (5). Unfortunately in their article they attribute Mincer et al. 

as saying “Runny mix of acrylic spray using a horsehair brush is the material of choice for 

dental stabilization of incinerated remains” (5). What Mincer et al. did state was “In our opinion, 

the most advantageous impregnation material for stabilizing incinerated teeth is clear acrylic 

spray paint, and the second best is probably cyanoacrylate cement”  (6)  without any mentioning 

of a horsehair brush. The term ‘runny mix of acrylic spray” is also confusing and the physical 

touching of the ashened remains with any tool should be avoided before stabilisation has been 

achieved. 

 

In 2014, De Angelis and Cattaneo also published a case where the recovery of a burnt oral 

implant connected to a bone fragment as evidence (amongst 2780 charred bone fragments 
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suspected to have belonged to a victim of homicide) was presented in an Italian court. The 

uniqueness of the traits convinced the jury of the identification of the remains (7). Having only 

one dental implant with no numbering but attached to an anatomical marker, highlights how 

significant the careful and methodical retrieval of postmortem data is to obtaining a positive 

result. It also substantiates the validity of my study in utilising dental implants for identification.  

 

9.3. Implementation   

 

Following the discovery and testing of a non-volatile Clag™ solution stabilising agent it is 

important to further test, monitor and implement the findings. Information from my study was 

provided to the South Australian Coroner and to all forensic pathologists in this state. All 

pathologists gave approval to utilise the Clag™ solution stabilising agent and the Coroner 

encouraged the South Australian police to implement a protocol of stabilising incinerated 

remains. This has allowed appraisal of how the material works in real life scenarios and with 

real cases. 

 

In one incident three victims were all severely incinerated following a motor vehicle crash. The 

victims were one father and two twin adult sons, which would have presented difficulties for 

DNA comparison. Clag™ solution was utilised to stabilise the remains. To emphasise the 

importance of the spray, in one victim (Figure 1.), all that remained of the dental tissues at the 

scene were the mandibular roots and two partial crowns of the victim yet all incinerated dental 

remains survived a trip of some three hundred kilometres. All three victim’s identities were 

subsequently established by odontological methods.  
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Figure 1.   Mandible of incinerated victim with  two crowns still attached, at the mortuary.                              

 

In another case, similarly following a motor vehicle accident a victim was severely incinerated 

and suspended by the metal framework of the car seat upside down. The position of her head 

can be just seen in Figure 2. with her head facing towards the centre of the car.  
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Figure 2. Victims head position in crushed incinerated car. 

 

As there was partial roof collapse there was no direct visual analysis of the dentition and 

placement of materials such as cyanoacrylate would not have been possible. I was however able 

to place my arm into the vehicle and direct a spray of Clag™ mixture in the vicinity of her face. 

There was a delay of approximately one hour till the fire officers arrived with the appropriate 

machinery to remove door structures which allowed some setting of the material before the 

rigour of door removal began.  Following door removal, the body was extricated and the 

dentition can be seen in Figure 3. Of note was that the Clag™ mixture had not fully set as some 

parts of the dentition appeared a milky blue rather than clear. 
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Figure 3. The milky blue Clag™ mixture unset material can be seen on the victims right side. 

 

Although the material had not totally set, there was sufficient bonding to preserve the remains 

of the dentition upon extrication.  The temperature was low (approximately 4°C) with 

occasional drizzle outside the vehicle. In such conditions of low temperature and high moisture 

environment the evaporation of water within the mixture was not going to eventuate. 

Investigations on methods to set the Clag™ mixture were instigated. So as not to contaminate 

the area with chemicals, the use of warmers such as torches and lights was contemplated. Police 

investigators attending major crashes, usually also have portable flood lights. The heat from 

non-LED lights is quite substantial and sufficient to set the Clag™ mixture.  

 

In a recent case a victim who was totally incinerated was presented at the mortuary for 

odontological examination. Her dentition had not been stabilised with any agent and although 

survived the transportation process, concerns were raised that her dentition may be disrupted 

during the odontological and pathological examinations. Her fragile dentition can be seen in 
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Figure 4. We stabilised the dentition by spraying the Clag™ mixture (Figure 5) and then applied 

a portable flood light to that area for 30 minutes (Figure 6).  

 

 

 

Figure 4. Fragility of lower dentition with loss of 43 buccal restoration and buccal bone can be 

observed. 
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Figure 5. Post spraying of Clag™ mixture. 

 

  

Figure 6. Gentle heating of the Clag™ mixture with portable floodlight. 
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Once set, the mixture no longer appeared milky blue but clear, and we were able to remove the 

tongue (Figure 7.) without disrupting the lower dentition and radiographic sensors were easily 

placed submentally. 

 

Figure 7. Following setting the remains appeared clear and the removal of the tongue did not 

disrupt the dentition. 

 

One of the advantages of the mixture is that it is absorbed by the ashened tissues. The 43 tooth 

appeared to have lost a restoration (Figure 4. and Figure 8a.). Exploration revealed an amalgam 

restoration at the back of the mouth which could fit the cavity. We were able to place the 

restoration into the cavity of the 43 and confirm the fit with another radiograph. (Figure 8b.) 
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 Figure 8a. Loss of 43 restoration.                    Figure 8b. Restoration in 43 reset in position. 

 

In another recent case, the incinerated victim was slumped down across the front seats with her 

face down. It was impossible to gain direct vision of her dentition but fortunately I was able to 

place my arm underneath the seat and spray the Clag™ solution upwards in the general 

direction of her dentition and wait for 30 minutes for setting to occur. This action was sufficient 

to stabilise her dentition so that when her body and head was rotated upwards no further loss of 

dental structures occurred. Her body was then removed from the car, her head sprayed again, 

dried with the assistance of a portable light, wrapped in bubble wrap and enclosed in a large 

paper bag which was sealed at the neck level before placement in a body bag. The victim was 

later identified by forensic odontology methods. 

 

Table 1. summarises the use of the Clag™ solution this year. All victims were so severely burnt 
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that there was no facial soft tissue remaining, there was cracking and loss of at least some 

alveolar bone as well as tooth material loss at the scene. In all cases, the paste prevented further 

fracture and loss of dental information. 

 

Table 1. Cases in 2015 utilising the Clag™ paste solution. 

Case Incineration type Dental identification 

1 Car fire Established 

2 Car fire Established 

3 Car fire Established 

4 Car fire No antemortem records 

5 Caravan fire Established 

6 Bushfire/wildfire Established 

7 Self immolation in car Established 

8 Car fire Probable 

 

Although actual cases have highlighted the applicability of the knowledge gained from this 

research study with successful outcomes, due to the size of South Australia it is impractical for 

forensic odontologists to attend all incineration scenes. It was decided to train police scene 

officers in the application of the spray and handling of dental postmortem information. As there 

are over one hundred and twenty crime scene officers spread across the state it was decided to 

create a joint video with South Australian police (SAPOL) on recovery of incinerated remains 

emphasising the correct mixing and application of the spray. This has been successfully created 

and it is hoped that this will also be presented nationally and internationally to scene officers 

and forensic odontologists to aid the implementation of the Clag™ solution stabilising agent.  

 

Since the publication of the cochlear article presented in Chapter 5 a Cochlear™ implant was 

noted during postmortem examination. The local forensic pathologist was aware of the article 

and the victim was readily identified following recovery of the implant, recording of the data 

upon it and cross checking with the company records. 
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 In a separate case, a victim was severely incinerated and a burnt tibia healing rod was retrieved 

from the victim’s ashened remains. As the fine steel wool technique described in the article in 

Chapter 6 could be extrapolated to all metal medical appliances within a body, utilising the 

technique, the numbers were retrieved and were matched to antemortem hospital records.  

 

9.4. Significance, limitations, and further research recommendations 

 

This study has significant practical implications for the future in the identification of severely 

incinerated victims. With regard to the use of stabilising spray, a major reason why scene police 

officers were not utilising a stabilising agent, is the possibility of contamination with petroleum 

based volatiles at the scene of an incineration event. There was a notable lack of appreciation 

of the importance of maintenance of postmortem information for dental examination by scene 

officers.  

 

Also the burden of another task inflicted on scene officers in what would be a physical and 

mental demanding situation could be a further reason for stabilisation procedures not being 

applied routinely. It is hoped the publication and publicity of this study will stimulate the 

routine use of stabilisation of severely incinerated remains at the scene. Following the 

production of the video, I have presented my findings to forensic pathologists and allied 

professions attending the Royal College of Pathologists of Australasia meeting this year in 

Queenstown, New Zealand. Forensic odontologists were also updated as I presented at the 

Australian Society of Forensic Odontology symposium in Darwin this year and I did plan to 

present the findings to the American Academy of Forensic Sciences meeting in Las Vegas early 

next year, however a restriction placed on the intellectual property by the university at the time 

of abstract submission did not allow me to submit. I have been invited to speak at the New 
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Zealand Forensic Odontology Society meeting in May of 2016 and hope to update further 

findings on my research. 

 

One of the limitations of the use of   Clag™ paste is there is no measure of the placebo effect 

of having a forensic odontologist at the scene. Being present and treating the ashes of the victim 

would have a psychological effect on the other scene team members to be more aware of dental 

issues and take more care of the fragile material during processing of the body and transport to 

the mortuary.  Another limitation of the spray solution is that Clag™ paste is currently not 

available internationally. Although plain flour could be substituted, it does leave an opaque 

residue and is therefore not ideal. As it would be advantageous to have a ready-made spray 

commercially available, recently the corporate arm of the University of Adelaide (ARI) was in 

discussion with the Bostik Company (Bostik, Melbourne, Australia) the makers of Clag™ 

paste, to see if this could be commercially feasible. The company have since deemed that the 

numbers of spray kits sold is insufficient to be commercially viable.  

 

This minor setback has spurred me on to investigate what is available in relation to wheat based 

pastes. Further literature review has shown that starch is one of the few highly polymer 

substances with a high initial adhesive strength which is relatively simple to produce aqueous 

colloidal solutions(8). Starch also provides high affinity to many porous substrates(9). Starch 

granules in wheat (Triticum aestiyum) kernels consists of mainly two types of carbohydrate 

polymers, the linear amylose (approximately 30%) and  the highly branched amylopectin 

(approximately 70%), with other minor components, including lipids and proteins(10, 11). If water 

is added and the mixture is heated above 64°C gelatinisation of the starch occurs. At this 

temperature, hydrogen bonds on both polymers continue to be disrupted and water molecules 

attach to the hydroxyl groups and the starch granules swell increasing the starch solubility, paste 
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consistency and (most relevant to this study) its paste clarity(11). Adhesives made from wheat 

starch (referred to as wheat paste) is used in paper making (12), wallpaper hanging (13), attaching 

fine glass particles to kite string(14) and poster billboard plastering (15). There are many videos 

on YouTube on the internet(16)  describing the simple manufacture of wheat paste. Importantly 

plain flour is obtainable universally and could be a source of commercially available adhesive 

where Clag™ paste is unavailable. A further research recommendation would involve testing 

different solutions of wheat starch/water ratios followed by further vibration studies on 

incinerated tissues to create a balance of applicability and strength before suggesting the 

materials for use.  

 

The significance of cochlear implants having a unique serial number emphasises the importance 

of having a national registry similarly to the AOANJRR to assist in the identification. Although 

it is quite simple to have the company pass on this information, some companies may not be so 

helpful and the reliance of the company to retain this information for many years (as a patient 

most likely to have a cochlear implant early in their life) is not ideal. Many companies 

commercially fail or are taken over and the need to retain this information may not be apparent 

to board directors of the takeover companies. 

 

The perceptions that a burnt hip or knee implant has unreadable data numbers are no longer a 

valid presumption and have been proven to be recoverable in this study. The significance is that 

there should a greater successful identification rates from victims with incinerated hips and/or 

knees in future incidents. Also, in cold cases from the past these could be reinvestigated to see 

if identification is possible. An example is the 2011 Japanese tsunami that followed the huge 

earthquake, where remains that have been cremated (with subsequent loss of DNA) are being 

stored in local temples and municipal mortuaries. Due to the popularity of hips and knee 



 

139 
 

procedures in Japan, there is a high likelihood that there could be victims with either a hip or 

knee implant. Another example where this research could benefit the authorities is in a closed 

case where the names of the victims are known, a search of the national hip or knee registry 

would identify if any of the victims have a hip or knee implant. In an incident where there has 

been either severe fragmentation or fire such as the MH17 plane disaster, the authorities could 

pass on the morphological information to the scene recovery officers to particularly be aware 

that they might come across such objects.  

 

The limitations of the hip and knee implant study are due to limited resources as not many 

numbers of implants were tested. Also there could be different materials that could be more 

beneficial in data recovery and the separation of the balls from the stems of the hip implants is 

quite crude. Further research is required in these areas by testing on implants with new products 

that come available. Also the further development of a better tool to separate the ball from the 

stem that is currently available and monitoring of casework where these methods were utilised 

to see if further refinement is required is envisaged. 

 

Similarly, dental implants are extremely popular and it seems logical that a registry for dental 

implants should be set up not only in Australia but also worldwide. The Straumann company 

laser etches a batch number within the chamber of their implants, which resist incineration if a 

fixture is placed upon it (which is the usual situation) (17). The Therapeutic Goods 

Administration (TGA) should encourage all implant companies to follow suit. As well as 

providing assistance in the identification of victims, a dental registry could highlight design 

faults in certain types of implants, which would have a benefit of maximising the prognosis of 

dental implant treatment. An example of this has occurred with DePuy’s company’s Articular 

Surface Replacement hip replacements. I have contacted the TGA (personal communication) 
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and have written to the Australian federal health minister twice regarding the introduction of a 

registry without success, but I recommend further lobbying to establish a dental implant 

register.   

 

As arthroplasty registries become more prevalent around the globe together with dental implant 

registries, it would be ideal to have international cooperation so that computer searches could 

quickly identify a victim with a numbered implanted device. The major problem of this is the 

ethical considerations of privacy as well as having all countries agreeing and having such 

registries in existence. 

 

Although incinerated pig (Sus Scrofa) heads is not an ideal model for forensic odontology 

training in disaster victim identification it is important for forensic odontologists to prepare and 

train for events. Due to ethical restraints, I suggest that sheep heads be utilised as they are 

readily available, cheap and have realistic lower mandibular teeth. However, I suggest that the 

temperature when incinerating the sheep heads is kept below 490° C as the tooth crowns 

tendered to fracture beyond 500° C during my studies. 

 

9.5. Concluding remarks 

 

The maximisation of postmortem information for identification of severely incinerated victims 

was the driving force behind this research. Improvements have been achieved by the discovery 

and testing of a non-volatile stabilising agent spray that has brought about important practical 

implications for the treatment of fragile remains, together with the contribution to knowledge 

regarding retrieval of data from cochlear, dental, hip and knee implants  in tracing back the 

identity of an unknown recipient. The perception that a burnt or cremated implant has 
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unreadable data numbers is no longer a valid presumption through the testing of techniques not 

previously published.  

 

The knowledge in this thesis has already been successfully applied in forensic identification 

casework of human incinerated remains. Plans are to spread this knowledge through all levels 

of the identification process both nationally then globally not only through publications but 

through attendances at international conferences.  

 

This information can now be used to maximise chances of identification so that the term 

“burned beyond recognition” may be minimised and allow families to have closure and legal 

processes to occur. 
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