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ABSTRACT  

Forensic anthropology has an increased importance in modern criminal investigations, 

with an expanded role from the traditional identification of skeletal remains, to now 

aiding pathologists in examining skeletal trauma.  With the increasing importance in the 

examination of skeletal trauma, there is an associated need for adequate standards to aid 

in the provisioning of correct interpretations.  The present project investigates the lack of 

standards for the analysis of sharp force trauma as relevant to the discipline of forensic 

anthropology.   

 

Using pig skulls as an analogue for a human model, a variety of blades are tested to 

determine if macroscopic and microscopic characteristics can be used to differentiate 

between sub-classes of blades.  The present project quantifies both microscopic and 

macroscopic characteristics of sharp force trauma, with the specific objective of devising 

a standardised method of accurately differentiating between the types of objects and 

blades used to inflict the trauma.  Crowder et.al (2013) and Tucker et.al (2001) 

determined that it is possible to classify and differentiate instruments used in hacking 

trauma; this project seeks to further existing knowledge by examining previously under-

researched blades. 

 

The macroscopic results are consistent with what other studies have reported (e.g. 

Humphrey and Hutchinson, 2001) and based on the observed characteristics between the 

knife (straight edged and serrated), machete and hatchet trauma, there was enough 

evidence to make at least a tentative identification of the weapon type.  The striations 

used to differentiate blade sub-types in published studies by Crowder et.al (2013) and 

Tucker et.al (2001) were not observed in the microscopic analyses in the present study, 
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however there were other characteristics observed, such as lack of lateral compressions 

and cut mark edge topography, which may aid in the microscopic identification of the 

type of weapon used.  Overall there was evidence in the present study that supports claims 

by published studies that weapon types (and sub-types) may be identified using both 

macroscopic and microscopic characteristics.   
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Chapter One 

Introduction 

1.1 Introduction to the study 

Forensic anthropology has an increased importance in modern criminal investigations, 

with an expanded role from the traditional identification of skeletal remains, to now 

aiding pathologists in examining skeletal trauma.  With the increasing importance in the 

examination of skeletal trauma, there is an associated need for adequate standards to aid 

in the provisioning of correct interpretations.  The present project investigates the lack of 

standards for the analysis of sharp force trauma as relevant to the discipline of forensic 

anthropology.   

 

Using pig skulls as an analogue for a human model, a variety of blades are tested to 

determine if macroscopic and microscopic characteristics can be used to differentiate 

between sub-classes of blades.  The present project will quantify both microscopic and 

macroscopic characteristics of sharp force trauma, with the specific objective of devising 

a standardised method of accurately differentiating between the types of objects and 

blades used to inflict the trauma.  Crowder et.al (2013) and Tucker et.al (2001) 

determined that it is possible to classify and differentiate instruments used in hacking 

trauma; this project seeks to further existing knowledge by examining previously under-

researched blades. 

 

There are a number of important considerations in the analysis of skeletal trauma.  The 

first is to correctly identify and differentiate trauma from post-mortem alteration.  

Secondly, the amount of force applied needs to be determined because this can potentially 
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provide valuable information relating to the type of weapon used, in addition to 

characteristics that may relate to the size and shape of the weapon.  Thirdly, the number 

and sequence of wounds may be quantified, however not all injuries will necessarily 

impact the skeleton, but when they do anthropologists may be able to obtain information 

about the blade and its characteristics. 

 

Overall it is readily obvious that an accurate interpretation of any traumatic skeletal injury 

is an important role in modern forensic anthropology.  It requires analysis of both the 

morphology of the fracture and an understanding of scene context (Dirkmaat, 2012).  

There are currently three main classifications of skeletal trauma; blunt force trauma 

(BFT), sharp force trauma (SFT) and gunshot wounds (GSW) (Wedel & Galloway, 

2014).  Those types of trauma and their underlying biomechanics are accordingly 

introduced below. 

 

1.2 Blunt Force Trauma 

Blunt force trauma is defined as an external physical force that impacts bone over a 

relatively wide area resulting in fractures or fracture lines.  Blunt force assessment 

includes point of impact identification, which typically manifests as simple and 

comminuted fractures (Wedel & Galloway 2014).  The type of bone damage is dependent 

on the skeletal structure (or bone) impacted, for example blunt trauma in the skull will 

manifest differently to that in the long bones (Ortner, 2003).  The former may result in 

radiating or concentric fractures emanating from the point of impact, whilst the latter can 

result in different types of fractures (e.g. spiral, comminuted) depending on the direction 

and amount of force implied (Wedel & Galloway, 2014).  The type of force applied also 

determines fracture type, and as such anthropologists can usually estimate the amount and 
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direction of force applied, as well as the general class of weapon used to inflict the injury 

(Wedel & Galloway, 2014). 

Blunt force trauma is the most common type of skeletal injury.  It may be the result of 

single or multiple event(s), with healing evident if sustained ante-mortem.  Blunt force 

trauma is often difficult to assess due to it being associated with a multitude of 

morphological expressions in the body, the variety of objects that can cause bone 

fractures, and also issues relating to whether the body was supported or weight bearing 

(Dirkmaat, 2012; DiMaio & DiMaio, 2001).  As an almost infinite number and variety of 

instruments can cause blunt trauma, any description of their characteristics must remain 

general.  As such, anthropologists may only give an estimate of the size, weight and shape 

of a weapon.  The direction, sequence and minimum number of blows can also be 

estimated (Wedel & Galloway, 2014; DiMaio & DiMaio, 2001). 

 

1.3 Sharp Force Trauma 

Sharp force injuries are due to a narrowly focused compression force applied to bone with 

a sharp implement, the result of which is an incision, puncture or chipping of bone.  An 

incised wound occurs when the sharp edge of an instrument traverses the surface of a 

bone (usually superficially), whereas a stabbing wound may puncture, nick or gouge a 

bone (Dirkmaat, 2012).  Analysis of sharp force trauma includes a general description of 

the wound, any possible weapon characteristics, including the type of blade used (single 

or double sided, serrated), the direction of the force, and the minimum number of wounds.  

It can be beneficial to obtain radiographs in the analysis of this type of trauma, as knife 

tips can become lodged in bone, which can aid in identifying the weapon used (DiMaio 

& DiMaio, 2001).  SEM analysis of wounds can also provide evidence of the type of 

blade used, and possibly the timing of the injury (e.g. peri-, ante- or post-mortem).  
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1.3.1 Hacking Trauma 

Hacking trauma is a subclass of sharp force trauma and commonly occurs in injuries 

inflicted with a heavy or wide blade, such as a machete or an axe.  The trauma associated 

with those types of blades have a large kerf, which is a groove made by cutting tools, that 

is usually associated with fractures at the floor of the kerf caused by the bone being loaded 

beyond its tensile strength (DiMaio & DiMaio, 2001).  These clefts are caused by vertical 

forces applied by heavy instruments with long, sharp edges.  Due to the large force 

required to cause these wounds, radiating fractures from the primary injury site are 

common (Dirkmaat, 2012).  Hinged bone segments (occurring in peri-mortem injury) 

may also be formed, and if substantial force is applied, segments of bone may completely 

break off resulting in wastage.   

 

1.4 Current Issues in the Analysis of Skeletal Trauma 

The analysis of skeletal trauma remains a relatively new and expanding area of modern 

forensic anthropology.  Sharp force trauma is commonly encountered in forensic cases, 

however there is still a relative paucity of empirical research that allows recognition of 

wounds caused by specific weapon types (Lewis, 2008; Pounder & Reeder, 2010; 

Pounder et.al, 2011).  Descriptions of the general character and appearance of stab 

wounds is common in the literature and the general appearance of hacking/slashing 

wounds are also well documented.  There is, however, a lack of research on the specific 

characteristics of the latter, and importantly, the reproducibility of their correct 

identification (Pounder et.al, 2011; Crowder et.al, 2013; Humphrey & Hutchinson, 2001).  

The lack of standards with which to compare trauma, in particular sharp force wounds, 

makes the identification of the causative weapon relatively difficult.  The context of any 

scene needs to be carefully taken into consideration with any trauma analysis (Dirkmaat, 
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2012), however there still remains a need for anthropologists (and pathologists) to be able 

to accurately determine the types of weapon used to inflict trauma, which will have 

obvious benefit in forensic investigation and subsequent legal proceedings (Dirkmaat, 

2012). 

 

1.5 Aims 

The overall objective of the present project is to analyse sharp force skeletal trauma and 

specifically attempt to establish SEM as a method for accurately determining whether 

different types of sharp weapons can be differentiated.  It will also be explored whether 

hacking and slashing injuries from different weapons can be differentiated both 

macroscopically and microscopically.  Due to the lack of accepted standards for 

microscopic sharp force trauma analysis, the overall aim of this project is to assess 

whether SEM can be used to accurately differentiate between common blade types 

referred for forensic investigation.  The specific aims are as follows: 

 

i) Explore the accuracy of identifying trauma inflicted by a variety of known blades 

and instruments using established standards and/or documented macroscopic 

characteristics 

Macroscopic characteristics of blunt and sharp force trauma are widely recorded and 

recognised (Crowder et.al, 2013; Humphrey & Hutchinson 2001; Ferllini, 2012).  The 

microscopic characteristics of the latter are, however, much less well known and 

documented.  The present study will use a variety of sharp implements to inflict and 

document some “standard” hacking and sharp force injuries.  The exploration of the 

accuracy in identifying the trauma is important in not only completing both Aims (see 
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below), but it will also determine if current established standards and characteristics of 

trauma can be used to accurately identify the implement used in creating that trauma. 

The various test instruments will be evaluated by chopping perpendicularly into a pig 

skull (sus scrufosa).  The resultant trauma will first be analysed following published 

macroscopic characteristics of Crowder et al (2013); Humphrey and Hutchinson (2001) 

and Wedel and Galloway (2014).  The trauma site will then be analysed following the 

microscopic approach of Ferllini (2012) and Tucker et al (2001), to determine if it is more 

accurate and/or yields further evidentiary data (Alunni-Perret et.al, 2005; Batelink et.al, 

2001).  Each experimental injury will be classified as either sharp or blunt trauma, thus 

allowing the accuracy of such determinations to be quantified.   

 

ii) Can SEM be used to accurately differentiate between blade sub-types from the 

same weapon class? 

The ability to differentiate between the type of instrument or blade used to inflict skeletal 

trauma is a known issue within forensic anthropology (Dirkmaat, 2012).  Although SEM 

has been successfully used to differentiate the type of trauma, there remains a lack of 

defined microscopic standards and thus there needs to be further research conducted to 

determine if the technique can differentiate between blade sub-types (serrated, straight or 

bevelled).  Thus the second aim of this project is to attempt to identify blade type using 

SEM and quantify specific characteristics that relate to different types of blades (e.g. 

serrated or bevelled). 

The microscopic characteristics of a selection of test blades (e.g. serrated and straight) 

will be documented to determine if there is a reproducible, microscopic difference 

between those instruments.  The simulated cranial trauma (see Aim One) will be analysed 

using published SEM standards (e.g., Alunni-Perret et al, 2005), however, the specific 
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focus is to examine the reproducibility (using repeat tests) of these microscopic 

characteristics and determine if they facilitate accurate identification of the type of blade 

used. 

 

1.6 Sources of Data 

Domesticated pig (Sus scrufosa) skulls, sourced from the Linley Valley Abattoir, are used 

as a human substitute for the analysis of cranial trauma.  The pigs are not purposely 

euthanased for this project.  The skulls are not defleshed to facilitate (as closely as 

possible) trauma in the fleshed head.  Following the infliction of the blunt, sharp and 

hacking trauma, each skull is photographed, macerated and then the traumatic skull 

section is removed, catalogued (photographed) and prepared for analysis.  The trauma is 

then visually analysed following macroscopic characteristics from the literature (Crowder 

et.al, 2013; Humphrey & Hutchinson 2001; Ferllini, 2012).  It is important to note that 

the swinging force taken to inflict the trauma cannot be regulated (standardised), however 

an attempt will be made to keep each strike as consistent as possible; regardless, there is 

not necessarily any common (or regulated) force when weapons are involved.  For 

example, anger, substance influence and the strength of an individual (among others) all 

determine the force delivered in inflicting trauma (Lynn & Fairgrieve, 2001).  As such 

the use of a mechanical, “standard” force, would not be indicative of a real-world trauma 

pattern.   

 

The trauma will be inflicted using a chopping motion, with the blade hitting the bone at 

a consistent angle of 90°.  The angle of the impact can alter injury characteristics, but 

exploring the exact effect is beyond the scope of the present project (Puentes & Cardoso, 
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2013).  A 90° impact will ensure a greater likelihood of kerf characteristics being visible 

without damage due to the angle of the blade creating bone splintering.   

 

1.7 Scope and Potential Outcomes of Project 

This project aims to analyse sharp force trauma and specifically attempt to establish SEM 

as a method for accurately determining whether different types of sharp weapon, and 

blade sub-types (serrated vs. straight edged) can be differentiated.  It will also be 

determined if hacking and slashing injuries from different weapons can be differentiated 

both macro- and microscopically. 

 

1.8 Chapter Outline 

The second chapter is a literature review that outlines background information pertaining 

to bone structure, the biomechanics of bone fractures and background of the types of 

trauma (blunt, sharp and hacking) investigated.  The third chapter is also a literature 

review, however with a specific focus on identification of bone trauma, macroscopic and 

microscopic characteristics of bone trauma, and tool marks in bone.  Chapter Four of the 

project outlines the materials and methods used in completion of the project.  Chapter 

Five details the, experimental results and analyses, along with the SEM images.  Chapter 

Six discusses the results in the context of previous relevant research and conclusions 

drawn from the results and how those results compare with other research being 

conducted in the field. 
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Chapter Two 

Biomechanics and Types of Skeletal Trauma 

2.1 Introduction 

Forensic anthropology involves the identification and analysis of skeletal remains.  Along 

with aiding the identification of a victim by providing a biological profile, there is an 

increasing importance in the examination and interpretation of skeletal trauma in 

multidisciplinary death investigations (Haglund & Sorg, 2002; Dirkmaat, 2012).  While 

anthropologists cannot give cause and manner of death evidence in court due to a lack of 

medical qualifications, their expertise is regularly requested by pathologists assisting in 

interpretations of skeletal trauma.  Anthropologists in the modern era are given a high 

standing in most criminal investigations and are called upon now more frequently to lend 

their expertise in relation to cause and manner of death, and post-mortem alterations that 

may have occurred after body disposal.  The latter can also assist in establishing a post-

mortem interval.  This represents a fundamental shift within forensic investigations by 

utilising a far more interdisciplinary approach, which has proven to yield deeper 

investigative insights (Dirkmaat, 2012). 

 

Bone trauma is defined by pathologists as an injury caused to living bone tissue by 

modification based on slow or rapid loaded impact with an object (or injury) from an 

outside or external force (Haglund & Sorg, 2002).  The force can be the result of a wide 

variety of objects, or it may due to contact with a hard surface, for example a vehicle or 

the ground after a fall (DiMaio & DiMaio, 2001).  Trauma can also be caused from other 

means, such as extremes in heat or cold, or chemical agents (Dirkmaat, 2012).  All of the 

above can result in trauma to the soft tissues of the body, however not all may affect bone 
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if the trauma does not deeply penetrate tissues.  Being able to identify trauma and provide 

accurate information relating to its causative agent is now an increasingly important role 

of the forensic anthropologist (Dirkmaat, 2012; Haglund & Skorg, 2002).   

 

There are some important considerations in the analysis of skeletal trauma.  First is the 

correct identification of the trauma, and thereafter being able to differentiate it from any 

other potential post-mortem alterations, such as scavenger activity or damage sustained 

during the retrieval of the skeleton (Haglund & Sorg, 2002).  The amount of force used 

is important as this can provide information on the type of weapon used and some 

characteristics (such as size and shape of the weapon) may be determinable.  The number 

of wounds present is also important, however not all injuries leave skeletal signatures 

(DiMaio & DiMaio, 2001; Ferllini, 2012).  Lastly, the number and placement of the 

wounds is important towards facilitating an accurate interpretation of the traumatic injury.  

The latter requires not only the analysis of the morphology of the fracture, but also an 

understanding of scene context.  There are presently three primary classifications of 

skeletal trauma: blunt force (BFT); sharp force (SFT); and gunshot trauma (GST) 

(DiMaio & DiMaio; Dirkmaat, 2012).  The present chapter first reviews bone structure 

and the biomechanics that result in skeletal trauma, thereafter the different classifications 

of trauma are considered.   

 

2.2 What is Bone? 

Bone is the structural framework of the body.  It is a heterogeneous and relatively dense 

material, consisting of an inorganic and organic matrix.  The intracellular component of 

bone consists of approximately 25% organic materials, 50% inorganic, with the 

remaining 25% being water (Ortner, 2003).  Calcium hydroxyapatite (Ca10(PO4)6(OH)) 
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forms the bulk of the mineral portion, while Type I collagen and non-collagenous proteins 

comprise the organic component (Haglund & Sorg, 2002).  The organic component of 

bone provides flexibility, as collagen resists tensile stress, but is more likely to fail in 

compression, and also connects the hydroxyapatite crystals together (Wedel & Galloway, 

2014).  The inorganic material provides the strength and hardness characteristic of the 

external surface of bones (Wedel & Galloway, 2014; White et.al, 2011).  This is due to 

the inherent strong resistance to compressive stress of the stiff and brittle hydroxyapatite 

component.  Bone is organised such that there are two types present when looking at the 

internal portion of a whole bone.  As shown in Figure 2.1, the outer portion of bone is a 

hard and dense compact (cortical) bone.  The centre of the bone is the far less dense 

trabecular (spongy) bone (Ethier et.al, 2007). 

 

Figure 2.1. Cross section of a human long bone showing the outer compact portion and 

the spongy (or trabecular) bone in the centre. (White et.al, 2011) 

 

The major difference between the two types of bone is their porosity, with cortical bone 

being far less porous.  This structural diversity is determined by the density of the bone; 
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mass divided by volume.  The apparent density of solid cortical bone is 1.8g/cm3 (Ethier 

et.al, 2007).  The relative density of bone is the ratio of the apparent density of the sample 

and that of solid cortical bone.  A value over 0.7 is classified as cortical bone, and a lesser 

value is classified as trabecular bone.  The apparent density of trabecular bone ranges 

from 0.1-1g/cm3 (Ethier et.al, 2007).   

 

2.2.1 Cortical Bone 

Cortical (or compact) bone lines the outer surfaces of most bones; due to a low porosity 

(below 10%), it is heavier and stronger than trabecular bone.  Cortical bone is made of 

lamellae about 5μm thick (White et.al, 2011).  Within each lamellae, the collagen fibres 

run parallel to one another, but in different directions to that of the neighbouring lamellae.  

The lamellae are arranged differently in different parts of the bone; those near the outer 

and inner surfaces are arranged circumferentially and parallel to one another, and are 

known as the circumferential lamellae (Ethier et.al, 2007).  Between the outer and inner 

circumferential lamellae, cortical bone is primarily made up of osteonal bone, which 

consists of cylindrically shaped structures formed from concentric lamellae.  The 

cylindrical structures are approximately 200µm in diameter and 1cm long, and are usually 

aligned with the long axis of the bone (White et.al, 2011).  This solid matrix contains a 

highly interconnected network of canals and channels in which the osteocytes are found.  

The canals are arranged in a characteristic pattern, with a blood vessel running within a 

Haversian canal, which is then surrounded by concentric lamellae.  The Haversian canals 

allow nerves and blood vessels to travel through the bone by providing a pathway through 

the dense cortical bone.  The lamellae are connected to the central canal by microscopic 

channels called canaliculi.  A canal, the surrounding lamellae, and the intervening bone 

are collectively an osteon (White et.al, 2011, Ethier et.al, 2007).  The less porous and far 
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harder cortical bone provides the necessary structural strength of the bone, and also 

provides protection of the trabeculae within (Germann & Stanfield, 2005).   

 

2.2.2 Trabecular Bone 

The interior of a bone is a spongy, porous material known as trabecular or (cancellous) 

bone.  This type of bone is commonly found in the vertebrae and the epiphyses of the 

long bones (White et.al, 2011).  As for cortical bone, trabecular bone has a lamellar 

structure, with lamellae running parallel to the trabeculae.  In contrast to cortical bone, 

however, the matrix of trabecular bone is organized as a porous network of interconnected 

structures known as trabeculae (Either et.al, 2007).  The pores between the trabeculae are 

filled with bone marrow, especially concentrated in the long bones.  The bone marrow is 

crucial in red blood cell formation and the storing of mineral salts.  Due to its higher 

porosity, trabecular bone is somewhat weaker than the more dense cortical bone, however 

it is also much lighter (Either et.al, 2007; Kieser et.al, 2012).  The porosity of the 

trabecular network varies with anatomical location, biomechanical function and age.  In 

dense trabecular bone, such as is found in the pelvis, or medial femoral condyles, the 

trabeculae are organized as a network of nearly closed cells formed by parallel plates and 

interconnecting rods, whereas in low-density trabecular bone (e.g. in the vertebrae) the 

trabeculae are organized as a network of open cells formed by interconnected rods (see 

Figure 2.2).  In healthy bone the trabeculae are on average approximately 200µm thick 

(Either et.al, 2007).  Trabecular bone provides a large surface area, which is crucial in 

haemopoiesis.  Trabecular bone also decreases bone weight and thus allows much more 

freedom of movement (Germann & Stanfield, 2005). 
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Figure 2.2. Structure of a long bone showing outer compact bone and the inner trabecular 

bone at proximal epiphysis (Germann & Stanfield, 2005). 

 

2.2.3 Woven and Healing Bone 

Woven bone, occurring in rapidly developing and/or healing bone, has a large organic 

component with a relatively lower mineral content.  Woven bone is laid down rapidly to 

stabilize and aid in repairing damage to a bone, such as a fracture.  The woven bone 

creates an unorganised bone callus around the fracture, and during the reparative phase 

of healing, the unorganised bone is remodelled into organised lamellar bone (White et.al, 

2011).  The repair process of a fracture can last two to three months in adults, but it occurs 

considerably more rapidly in infants due to the fast healing ability of immature bone 

(Ethier et.al, 2007).  Immature bone, commonly found in infants and young children, 

alters the way in which their bones fracture, as seen with the occurrence of ‘greenstick’ 

fractures in children (Ortner, 2003).  Due to its soft nature, immature long bones tend to 

bend more readily and are more elastic than their adult counterpart, which provides 

increased deformation tolerance.  As a result, when immature bones are fractured, they 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPGV7b2618gCFWQ2pgodO4ECTQ&url=http://www.slideshare.net/MissReith/lecture-bone-structure-markings&bvm=bv.105841590,d.dGY&psig=AFQjCNGePQF80m9N9VIwK-19FD2685ioOQ&ust=1445650597650857
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may only break unilaterally, with the other side only bending (Kimmerle & Baraybar, 

2008).   

 

2.2.4 Bone Formation 

Most human bone consists of either primary or secondary osteonal bone.  Primary 

osteonal bone consists of osteons laid down where there was no bone initially, usually 

due to the mineralization of cartilage (Figure 2.3).  Secondary osteonal bone is formed in 

the remodelling and replacement of existing bone.  Primary bone contains less lamellae 

and smaller vascular channels than secondary osteonal bone (White et.al, 2011).  During 

the remodelling process of secondary osteonal bone, Haversian canals are cut into bone.  

These differences in bone structure reflect fracture resistance; for example, lamellar bone 

will resist fracture more readily than Haversian bone, with the size and distribution of the 

Haversian systems also affecting fracture occurrence.  

 

Figure 2.3. Diagram illustrating development process of primary osteonal bone (White 

et.al, 2006) 

 

 

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCO26r4e818gCFeM3pgodhnoO-g&url=https://www.studyblue.com/notes/note/n/lecture-7-bone-formation/deck/3622451&bvm=bv.105841590,d.dGY&psig=AFQjCNFAjdaVNWLrIoXqH4rRgxUnGfBXCQ&ust=1445651027570351
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2.3 What Is Trauma?  

Skeletal trauma occurs due to accidental and intentional violence, cosmetic and 

therapeutic practises that affect bone, and pathological conditions that increase the 

susceptibility of bone to biomechanical stresses (Ortner, 2003).  Trauma generally affects 

the skeleton in four main ways: (1) partial to complete break of the bone; (2) an abnormal 

displacement or dislocation of joints; (3) a disruption in nerve and/or blood supply; and 

(4) an artificially induced abnormal shape or contour of the bone (Ortner, 2003).   

 

The term fracture can be used broadly to include any trauma to bone that results in a break 

or dislocation of that bone.  If the bone is only partially fractured, with the break failing 

to travel through the entire bone, it is termed an infraction (Wedel & Galloway, 2014).  If 

the break passes the entire way through the bone it is termed a complete fracture.  

Fractures are usually the result of stress applied to the bone.  This stress can be static, 

with low levels of stress applied that gradually builds until the bone breaks, or dynamic 

with a large amount of force occurring suddenly.  The stress in a bone can result from 

application of one or more of the following types of force: (1) tension; (2) compression; 

(3) torsion; (4) flexion; and (5) shearing (Figure 2.4) (Ortner, 2003; Wedel & Galloway, 

2014).   
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Figure 2.4. Stresses caused by different forces acting on bone and the resultant fractures. 

(Source Dirkmaat, 2012) 

 

The resistance of compact bone to compression is between 1330-2100kg/cm3 of force, 

whereas the resistance to tension is only 620-1050kg/cm3 (Dirkmaat, 2012).  Shear forces 

acting perpendicular to the bone only has a resistance of 500/kg3 if the force is applied 

parallel to the lamellae, or up to 1176kg/cm3 if the force is applied crosswise to the bone 

(Dirkmaat, 2012). 

 

The velocity and mass of an impact are critical in determining the type of fracture that 

results (Kroman et.al, 2011).  In addition to the direction of force, the speed of the force 

also affects the type of fracture observed.  The speed of a force applied can be either static 

or dynamic.  Static forces involve those applied at nearly a constant pressure over longer 

periods of time, whereas dynamic forces involve a sudden application of force, usually 

delivered at a high speed (Lynn & Fairgrieve, 2009).   

 

Dynamic fractures are the type most common in a forensic context.  Compressive 

fractures are the result of sudden excessive impaction and results in a variety of 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPDbio6PnsgCFUcgpgodihgFKA&url=http://biology.kenyon.edu/slonc/bio3/2001projects/Bone/fractures.html&psig=AFQjCNFhNdIKgYG_kO2aFtcjll45dgcsDg&ust=1443680431238559
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morphological patterns.  Compressive fractures of the skull can result in radiating 

fractures from the compressive site, or circular fractures that result from the depression 

of bone tissue from the trauma (Wedel & Galloway, 2014; Kimmerle & Baraybar, 2008).   

 

Skeletal trauma is defined as modification of bone based on a loaded impact (slow or 

rapid) with an object, or as an injury sustained from an outside force (DiMaio & DiMaio, 

2001).  An accurate interpretation of skeletal trauma is a key role of the modern forensic 

anthropologist.  This requires a specialised analysis of the morphology of the injury and 

an understanding of scene context.  There are three primary classifications of skeletal 

trauma: blunt force trauma (BFT); sharp force trauma (SFT); and gunshot trauma (GST) 

(Ortner, 2003; Kimmerle & Baraybar, 2008).  When examining skeletal trauma, the initial 

step is to conduct a visual examination of macroscopic characteristics.  However, there is 

a large degree of variation in trauma caused by sharp and blunt instruments (Fleming-

Farrel et.al, 2013, Crowder et.al, 2013, Humphrey & Hutchinson, 2001, DiMaio & 

DiMaio, 2001).  Microscopic analysis may also be undertaken to aid in visualising 

characteristics of fractures caused by gunshot wounds and sharp force trauma.  Striations 

and markings left in bone may aid in the identification of the causative implement (Symes, 

2002; Pounder et.al, 2011; Kooi & Fairgrieve, 2013).   

 

2.4 The Biomechanics of a Cranial Fracture 

When bone is struck by an object, or strikes an object in the case of a fall, and the area of 

impact has a broad flat surface area, the skull flattens to conform to the shape of the 

impacting object (DiMaio & DiMaio, 2001).  As the skull is flattened and bent inwards, 

distant areas adjacent to the point of impact bend outwards, caused by a wave of 
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deformation consisting of the central area of in-bending and the peripheral out-bending 

(see Figure 2.5) (Kieser et.al, 2012).   

 

Figure 2.5. Indenting of skull at point of impact with outward bending at periphery 

(Source DiMaio & DiMaio, 2001). 

 

Out-bending can occur at a considerable distance from the initial point of impact.  Where 

the skull curves sharply (e.g. the parietals) the extent of bending is less than flatter areas, 

such as the superior aspect of the skull (DiMaio & DiMaio, 2001).  Following a cranial 

impact the fracture does not actually originate at that point, but rather at the point of out-

bending of the bone, with linear fractures initiated endocranially due to the force of the 

outward bending of the impact site (see Figure 2.6) (Wedel & Galloway, 2014).  As the 

skull attempts to return to its natural state after the compression force, the fracture lines 

extend from the origin towards the area of impact (Kieser et.al, 2012).   
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Figure 2.6.  Blunt force cranial trauma: the top image shows the wedge-shaped fragment 

caused by radiating and concentric fractures.  The bottom image illustrates the tensile and 

compressive forces (radiating fractures) at the point of impact, with associated concentric 

fracturing. (Source: Dirkmaat, 2012). 

 

2.4.1 Broad Impact Fractures 

Simple linear fractures are usually associated with low-velocity impacts caused by the 

skull striking (or being struck) by an object with a large area of contact, for example 

during falls in which the head connects with the pavement (DiMaio & DiMaio, 2001).  If 

the velocity is increased, and a greater force imparted, one or more circular fractures may 

occur that circumscribe the point of impact.  These are caused by a failure of the external 

surface of the bone at the edge of the inbent area due to extreme inbending at the time of 

impact (Wedel & Galloway, 2014; Ethier et.al, 2007).  The severe inbending at the site 

of impact produces outward radiating fractures on the inner surface of the bone.  Fractures 
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resulting from the outbending of the bone away from the point of impact, and arising at 

the external surface of the bone, extend to the point of impact and join the fractures 

radiating outwards from the point of impact (DiMaio, DiMaio, 2001).  Fractures radiate 

from the site of impact and create wedge-shaped bone fragments (Figure 2.6 and Figure 

2.7).  Radiating fractures travel outwards from the impact site in a sunburst pattern.  

Concentric fractures may develop between the radiating fractures, forming a ring around 

the impact site, as shown in Figure 2.7.  In order to accurately assess fracture 

characteristics in the skull, both the external and internal surfaces need close examination 

(DiMaio & DiMaio, 2001).   

 

Figure 2.7. Radiating fractures occurring from point of impact, with associated 

concentric fracturing forming a ring around the site of impact.  Trauma was the result of 

a fall causing a broad impact. (Source DiMaio & DiMaio, 2001) 

 

Concentric fractures may be incomplete and terminate at a linear fracture, which indicates 

that they occurred after the linear fracture (Ethier et.al, 2007).  The reverse is also true, 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNf2yvW918gCFcEspgodJ10NFQ&url=http://www.mussenhealth.us/carbon-monoxide/fractures-of-the-skull.html&bvm=bv.105841590,d.dGY&psig=AFQjCNGWF1BTXt_0HEaBjUfQYQ5hOHLz5g&ust=1445651537502586
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with linear fracture lines terminating at concentric fractures that occurred prior to their 

formation, as shown in Figure 2.7 (Wedel & Galloway, 2014).  The impact site 

experiences a compressive force which results in a reactive tensile force experienced by 

the internal side of the bone.  As previously mentioned, bone fails under tensile before 

compressive forces, resulting in fractures occurring on the endocranial aspect first (Ethier 

et.al, 2007; Kieser et.al, 2012).   

 

2.4.2 Narrow Impact/ Depressed Fractures 

A depressed skull fracture occurs as a result of an impact with an object associated with 

a large force, but a small surface area.  Large deformations of the skull at areas distant to 

the point of impact are not present in this type of fracture (DiMaio & DiMaio, 2001).  At 

the point of impact there is a depressed fracture with possible fragmentation (Figure 2.8).  

The fractures are caused by failure of the internal surface of the bone secondary to in-

bending (DiMaio & DiMaio, 2001).  If there is insufficient force to produce fractures on 

both the inner and outer tables of the skull, there will only be a depressed fracture on the 

outer table present.  The outer table fracture will almost always be larger than that of the 

inner table (DiMaio & DiMaio, 2001).  If the velocity and force of impact are increased 

substantially, there may be stellate fractures; “star-shaped” fractures resulting from a 

central point of impact.  The fracture lines (or fissures) radiate out from this central point 

of impact (Figure 2.9).  These also occur due to forces causing depression of bone at the 

site of contact (DiMaio & DiMaio, 2001; Kieser et.al, 2012).   
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Figure 2.8. Depressed cranial fracture caused by a blow with a hammer (narrowly 

focused force) (Source DiMaio & DiMaio, 2001). 

 

 

Figure 2.9.  Stellate lacerations of the scalp, caused by multiple blows with a hammer 

(Source DiMaio & DiMaio, 2001). 

 

Different areas in the skull subjected to an impact result in a variety of fracture patterns.  

For example, an impact to the superior aspect of the skull tends to produce a vault fracture, 

http://www.google.com.au/imgres?imgurl=http://www.mussenhealth.us/carbon-monoxide/images/1856_102_72-basilar-skull-fracture.jpg&imgrefurl=http://www.mussenhealth.us/carbon-monoxide/fractures-of-the-skull.html&h=293&w=434&tbnid=DujFOyTSpO5K7M:&docid=atjfjDDjHF6Y6M&ei=_5QpVuaDNMi6mAXt9o-oCA&tbm=isch&ved=0CGQQMyhBMEFqFQoTCKb_s-6_18gCFUgdpgodbfsDhQ
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPD96eLB18gCFaQ0pgodrwME2w&url=http://www.mussenhealth.us/carbon-monoxide/fractures-of-the-skull.html&bvm=bv.105841590,d.dGY&psig=AFQjCNFI9VWms9E8kbk2TaH-NlGzj-Im5A&ust=1445652568824114
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with potential to produce associated fracturing in the temporal region or the base of the 

skull.  In contrast a blow to the mid-frontal region generally produces a fracture of the 

orbits and sometimes the maxilla (DiMaio & DiMaio, 2001).  These are known as Le Fort 

fractures, which are bilateral, horizontal fractures of the maxilla.  There are three 

classifications, (I, II, III) defined according to the extent of fracturing and the facial bones 

involved.   

 

2.5 Factors Influencing the Morphological Expression of Skull Fractures 

There are a number of factors that influence the extent of a skull impact fracture (DiMaio 

& DiMaio, 2001; Wedel & Galloway, 2014): 

 Amount of hair; 

 Thickness of the scalp, as well as underlying skull configuration and thickness; 

 Elasticity of bone at point of impact; 

 Shape, weight and consistency of object impacting skull; 

 Velocity in which blow was delivered or skull impacts object. 

The shape of bone dictates its mechanical properties.  Individual bones of the skull 

normally range in thickness from 2 to 6mm, with the outer table usually thicker than the 

inner (Wedel & Galloway, 2014; Sulaiman et.al, 2014).  The outer and inner tables consist 

of dense cortical bone, with a trabecular dipolё sandwiched between (Wedel & Galloway, 

2014).  There are differences in dipolё thickness throughout the skull and also between 

males and females.  This can have a profound impact on the amount of force needed to 

fracture different parts of the skull (Wedel & Galloway, 2014; Kieser et.al, 2012).  The 

degree of sutural closure may also influence fracture patterns in the skull.  Neonates and 

infants have open fontanelles and/or sutures, and as such trauma tends to be localised 

because the fractures are unable to cross the membrane sutures (Wedel & Galloway, 
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2014).  As the suture lines join, and in some instances become obliterated, the energy 

from an impact can transmit beyond the area of impact.  Due to the long and highly 

variable nature of suture closure, the course of a cranial fracture can vary markedly 

between two similar individuals (Wedel & Galloway, 2014).  The general rule for 

understanding fracture patterns coming into contact with sutures is that the less unified 

the bones on either side of the suture, the more likely the fracture is to propagate along 

the suture rather than cross it (Wedel & Galloway, 2014; Kimmerle & Baraybar, 2008).  

The velocity and mass of the impacting object are critical in determining the type of 

fracture observed.   

 

2.6 Blunt Force Trauma 

Blunt force trauma is caused by an external physical force that impacts bone over a 

relatively wide area, resulting in fractures or fracture lines.  Blunt force trauma can occur 

in a wide variety of situations, from falls through to motor vehicle accidents, and 

intentional violence.  Blunt force impacts to the skull may be inflicted by compression or 

by direct or indirect impact with objects, with the imparted forces being dynamic or 

relatively static (Wedel & Galloway, 2014).  The cranial vault may undergo compressive 

forces in any direction without fracture and can accommodate a decrease in diameter in 

one direction with a corresponding increase in a perpendicular direction.  Compression to 

the point of fracture will usually result in extensive fragmentation due to the shape of the 

skull (Wedel & Galloway, 2014).   

 

Blunt force is the most common form of skeletal trauma and indeed injury sustained.  This 

may be during a single event, or may be represented by several events with healing 

evident.  Blunt force assessment includes point of impact identification which manifests 
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as simple and comminute fractures that are common in blunt trauma.  The type of bone 

damage is dependent on the skeletal structure or bone impacted.  For example, blunt 

trauma in the skull may result in concentric or radiating fracture patterns emanating from 

the point of impact, whereas trauma sustained to the extremities (long bones) may be 

associated with butterfly fractures, in which a triangular piece of bone is broken due to 

compression and opposing forces.   

 

Different forces fracture bone in different ways, and as such anthropologists can usually 

estimate the type of force applied and the general type of weapon used to inflict the injury.  

Blunt force trauma is often difficult to assess due to the multiplicity of expressions in 

which it can manifest in the skeleton, the variety of objects that can impact on bone 

causing fractures, and also issues relating to whether the body was supported or not.  As 

practically any solid instrument can cause blunt trauma, any description of their 

characteristics must remain general, thus anthropologists may only give an estimate of 

size, weight and shape of the weapon in an assessment (Dirkmaat, 2012; DiMaio & 

DiMaio, 2001; Kimmerle & Baraybar, 2008).  It is also possible to estimate the direction, 

minimum number and sequence of the blows (Kimmerle & Baraybar, 2008; DiMaio & 

DiMaio 2001, Wedel & Galloway, 2014).  

 

The outer table of the skull may involve more extensive fracturing than the inner table 

due to it bearing the direct force of the impact.  Once a linear fracture has occurred, only 

a relatively small amount of further energy is required to produce additional fractures and 

extensive fragmentation (Wedel & Galloway, 2014).  The shape of the impacting object 

also has a profound effect on skull fracture patterns; for example, a pointed object will 

more likely produce perforations of the bone causing complete penetration, whereas an 
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object with a large surface area will be far less likely to cause a penetrating injury.  As 

the area of impact increases, larger forces are required to produce fracturing (Wedel & 

Galloway, 2014).  Depressed fractures occur when the object used to strike the skull is of 

moderate size, however when the force is exerted over a larger area of the skull by a larger 

object, comminuted or linear fractures are more commonly observed.  The principle is 

“the higher the velocity and smaller the mass of the object, the more likely a depressed 

fracture will occur.” (Wedel & Galloway, 2014).   

 

2.7 Anatomy of a Blade 

In order for an instrument to cause a sharp force injury it must have an edge bevel, defined 

as the border of the blade that is an acute angle.  This is usually created in the blade to 

prevent splintering of the material being cut (Symes et al, 2002).  Objects without an edge 

bevel can scrape, scratch and crush bone, but are unable to incise or cut bone.  Therefore 

objects such as boat propellers which have blades exhibiting square-edges that lack 

bevelling are more likely to cause blunt force trauma in bone (Haglund & Sorg, 2002).  

However, pathologists classify these as sharp force injuries as they cause straight, parallel 

defects in soft tissue.  The underlying bone commonly exhibits crushing injuries, butterfly 

fractures and cortical bone delamination (Symes et al, 2002).  The soft tissue damage can 

mask the underlying characteristics of bone trauma, making it difficult to interpret.  This 

further exemplifies the importance of forensic anthropologists and pathologists working 

together to determine cause of death based on the assessment of skeletal trauma.   

 

Knives have thin blades that usually terminate in a point and commonly exhibit edge 

bevelling with both sides of the blade cut at an angle.  All knives have at least one area 

of bevelling on the blade (Figure 2.10).  A serrated knife has teeth manufactured into the 
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blade, with the serrated edge of the knife thinned (or bevelled) on one side to facilitate a 

sharp cutting surface (Dirkmaat, 2012). 

 

 

Figure 2.10.  General features of knives. (a) Bevelling; (b) serrated and straight-edged 

blades; (c) single and double-edged knives; (d) v-shaped kerf created from a knife used 

in sawing motion. (Source Dirkmaat, 2012). 

 

2.8 Sharp Force Trauma 

Forensic anthropology specifically defines sharp force trauma as a narrowly focused, 

dynamic, slow-loaded, compressive force with a sharp object causing an incision to bone 

(either broad or narrow) (Symes et al, 2002).  Sharp force trauma usually results in a 

penetrating defect to soft tissue and bone, such as an incision, puncture or chipping.  An 

incised wound occurs when the sharp edge of an instrument traverses the surface of a 

bone (usually superficially), whereas a stabbing (or puncture) wound may puncture, nick 
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or gouge bone.  Any weapon or tool with an edge bevel can cause an incised wound.  

Analysis of sharp trauma injuries includes a general description of the wound, any 

possible weapon characteristics, including the type of blade used (single or double sided, 

serrated), the direction of force and the minimum number of wounds (Dirkmaat 2012; 

Kimmerle & Baraybar 2008; Haglund & Sorg, 2002).  It may be beneficial to X-ray the 

remains as knife tips can become lodged in bone, which may assist towards identifying 

the weapon used (DiMaio & DiMaio, 2001).   

 

SEM analysis of wounds can provide information relating to the type of blade used and 

possibly the timing of the injury based on a comparison of post and peri-mortem bone 

damage.  A knife creates a kerf (groove made by a cutting implement) with a V-shaped 

floor in bone when viewed in cross-section.  A broad classification of a weapon can be 

accomplished by looking at the kerf floor.  A narrow, V-shaped floor indicates a thin 

bladed instrument, while a wider (or square) floored kerf may indicate a thicker, heavier 

blade, such as an axe or machete (Dirkmaat, 2012). 

 

2.9 Hacking Trauma 

Hacking trauma is a subclass of sharp force trauma that commonly results from a heavy 

(or wide) blade such as a machete or an axe.  Skeletal manifestations of hacking trauma 

involve a large kerf, and the force of the strike may result in the fracturing of the bone at 

the kerf floor caused by the bone reaching fracture point (Humphrey & Hutchinson, 

2001).  Kerfs (or clefts when referring to hacking trauma) are caused by vertical forces 

applied by a heavy instrument with a long and sharp edge.  In order for the injury to be 

classed as resulting from sharp force trauma, the implement must have an edge sharp 

enough to incise the bone (Dirkmaat, 2012).  Blunt force injuries observed in hacking 
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trauma are due to bone failure, with the force delivered in the strike of the weapon causing 

the bone to fail.  Therefore, an impact with a sharp object with excessive force begins 

with an incised wound and ends with a compressive fracture (Symes et al, 2002).  This 

type of trauma is generally classed as blunt force trauma caused by a sharp implement, 

with the rules pertaining to the interpretation of blunt force injuries applied (Dirkmaat, 

2012).  Due to the large force required to cause these wounds, fracturing of the bone 

radiating from the primary injury are common.  Hinged segments may also be formed, 

and if substantial force is applied, segments of bone may completely break off in a process 

called wastage.  The kerf will usually have smooth walls when the blade strikes the bone 

at a 90° angle, or if the blade strikes the bone at another angle the obtuse angled side will 

have a smooth wall.  The acute angled side will typically involve fractured bone and 

associated flakes (Humphrey & Hutchinson, 2001). 

 

2.10 Cranial Anatomy of the Pig (Sus Scrufosa) 

The primary difference between a pig skull and that of a human is the elongated bones of 

the cranium and greater development of the mandible in the pig (Figure 2.11A).  The 

cranial portion the pig comprises of a frontal, two parietal, two temporal, one occipital, 

one sphenoid and an ethmoid bone.  In the pig the occipital bone is posterior in position, 

whereas in Homo sapiens it is both posterior and ventral (Odlaug, 1966).  The facial bones 

of the pig are again elongated, in particular the maxilla and nasal bones, when compared 

to those in the human (Figure 2.11B).  The pig also has a pre-maxillary bone extending 

between the maxilla and nasals, which is not present in humans (Odlaug, 1966).   
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A   

B 

Figure 2.11. Diagram of adult pig (Sus scrufosa) crania and adult Homo sapien. (Source 

Odlaug, 1966; Gray’s Anatomy, 2003, respectively) 

 

Porcine bones have been used in trauma research as analogues for human bones.  The 

potential differences between human and animal bones are limited to due general bone 

microstructure across taxa, thus the use of bovine and porcine bones are common 

(Humphrey & Hutchinson, 2001; Tucker et.al, 2001; Lewis, 2008).  While there are 

differences in cranial thickness and morphology, the applicability of any results is limited 

due to aforementioned general similarities in bone microstructure.   

 

 

 

 

 

 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOCZsoPL18gCFcUwpgodTBILeg&url=http://chestofbooks.com/animals/zoology/Anatomy/Mammalia-Part-2.html&psig=AFQjCNHAeIYxd043_KPU57C27dJJPm4pyg&ust=1445655053205810
http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLCh-enL18gCFWQ2pgodO4ECTQ&url=http://www.drawninblack.com/2008/11/how-to-draw-a-skull-50-how-tos-tutorials-studies-photo-references-videos-and-inspirational-skull-illustrations/&bvm=bv.105841590,d.dGY&psig=AFQjCNEAFNRHQfY4_b_h9O4IG18YcrGjIg&ust=1445655256204756
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Chapter Three 

Identification of Skeletal Trauma 

3.1 Introduction 

Forensic anthropologists are regularly called upon by forensic pathologists to aid in the 

analysis of trauma when there is significant decomposition or skeletisation.  The analysis 

of skeletal trauma consists of visual examination of the external and macroscopic 

characteristics of the injury, which is then usually followed by microscopic analysis 

(Dirkmaat, 2012).  This is becoming increasingly more common in cases involving sharp 

force trauma.  Advances in microscopy techniques facilitate observations of microscopic 

striations and other tool marks left in bone after trauma has been inflicted by a particular 

weapon.  Pieces of wood, cloth and metal embedded in bone can also be detected using 

SEM, which can then be analysed and compared to a suspected weapon (DiMaio & 

DiMaio, 2001; Ferllini, 2012).  Striations left in a bone after a penetrating or cutting injury 

with a blade can also be used to potentially compare trauma with a suspected weapon.  

Symes and colleagues (2002) have shown that saw blades can be compared and matched 

to microscopic striations left in the bone from dismemberment;  the size and shape of the 

teeth was demonstrated to leave distinguishing patterns on the bone that can be used to 

identify the type of saw used (Symes et.al, 2002).   

 

The use of SEM has enabled forensic anthropologists to identify microscopic 

characteristics in bone trauma that may be used to potentially identify the sub-class of 

weapon, and even potentially the specific weapon used, through tool mark analysis 

similar to that applied in firearm identification (Pounder & Reeder, 2010; Ciallella et.al, 

2002; Pounder et.al, 2009).  The present chapter will review existing methods for 
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identifying bone trauma, including the macroscopic and microscopic characteristics 

currently used in bone trauma identification, in addition to the method of scanning 

electron microscopy currently used to visualise the microscopic characteristics.  The tool 

mark analytical approaches currently being investigated for use in potentially identifying 

the sub-class of weapon used in creating the trauma are also discussed. 

 

3.2 Identification of Bone Trauma 

The primary goal in postmortem examination is to interpret the mechanisms of force and 

manner of injuries from skeletal morphology in order to achieve a clear understanding of 

any injuries which resulted in intended harm or death (Kimmerle & Baraybar, 2008).  In 

the assessment of skeletal trauma, the initial step is to conduct a visual assessment of any 

macroscopic characteristics.  There is, however, a large degree of variation in trauma 

caused by sharp (and blunt) instruments (Fleming-Farrel et.al, 2013; Crowder et.al, 2013; 

Humphrey & Hutchinson, 2001; DiMaio & DiMaio, 2001).  The mass and velocity of the 

impact becomes critical in determining the resulting injury pattern and aiding in 

narrowing the type of implement used in creating the trauma (Wedel & Galloway, 2014; 

White et.al, 2011).   

 

It is relatively straight forward to use macroscopic characteristics to differentiate whether 

the injury was blunt or sharp force based on the analysis of the point of impact.  After this 

initial differentiation, the use of entry site characteristics (size and shape), width, length 

and depth of the wound, and the observations of any fracturing at the entry or exit sites 

can be used to aid in identification of the implement used to inflict the trauma (DiMaio 

& DiMaio, 2001; Haglund & Sorg 2002; Kimmerle & Baraybar, 2008).  Many other traits 

are commonly used in the assessment of sharp force trauma.  Bone feathering, flaking 
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and presence of bone shards on the sides of the kerf (all discussed below) are useful in 

determining the class of the weapon used in the creation of the trauma (Humphrey & 

Hutchinson, 2001; Lewis, 2008).   

 

In performing an analysis of skeletal trauma, due care needs to be taken to avoid any 

further damage that may alter findings or derived conclusions.  Handling of the remains 

and proper storage is paramount, as any marks, indentations or damage to the bones 

requiring analysis may be misinterpreted and erroneous conclusions drawn.  The use of 

CT scans are becoming increasingly common to create a 3D record for analysis and 

archiving for future review (Fleming-Farell, et.al, 2013; Schnider, et.al, 2008).  

Photography is similarly used to record and archive the trauma in its original context and 

communicate information to the pathologist or juries in a criminal investigation.  SEM is 

now frequently used to aid in the analysis of trauma, specifically analysing microscopic 

striations in the wall and fracturing present in the kerf floor, to further narrow the focus 

on the type of blade or sub-class of blade used (Thompson & Inglis, 2009;Alunmi-Perret 

et al).  The presence of chattering can aid in determining the direction of the blow, while 

differences in the various size of bone flakes present in the trauma site may aid in 

determining the weight or sharpness of the blade/implement used (Humphrey & 

Hutchinson, 2000; Lynn & Fairgrieve, 2009).  In the sections that follow a brief 

description of the macroscopic and microscopic characteristics used to aid weapon 

identification are outlined.  In order to accurately assess fracture characteristics in the 

skull, both the external and internal surfaces must be closely examined (DiMaio & 

DiMaio, 2001).   
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3.2.1 Terminology 

There are some standard terms used in describing trauma.  In a chopping or cutting wound 

the blade may damage a bone, and as it contacts the surface it passes through the tissue 

and comes to rest at a particular depth.  The linear indentation of the blades final depth is 

referred to as the kerf (or floor) of the cut mark (Lewis, 2008).  The bone between the 

kerf and the exterior surface of the bone can be identified as the walls of a cut mark.  The 

wall surfaces contain the lamellar rings when exposed and is the surface upon which 

microscopic striations and markings are left.  The area on the exterior surface adjacent to 

the wall is referred to the as the side of the cut mark (Figure 3.1).   

 

Figure 3.1. Cut marks in superior (top) and lateral (bottom) views showing kerf with 

definitions. (Source: Lewis, 2008) 

 

3.3 Scanning Electron Microscopic Assessment of Trauma 

Scanning electron microscopy (SEM) involves the production of an image of a sample by 

scanning the object with a focused beam of electrons.  The electrons interact with atoms 
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in the sample and this interaction produces signals that are then used to create an image 

(Skoog et al, 2007).  The signals give information on the surface topography and surface 

composition of the sample.  SEM can provide higher than 1nm resolution and can be used 

in a variety of situations and with numerous sample preparation methods; the most 

common method involves detecting secondary electrons that are excited when the 

electron beam interacts with the atoms (Skoog et.al, 2007).   

 

SEM has been commonly used in forensic pathology, however it is still rare in forensic 

anthropological casework due primarily to the cost and training required.  SEM provides 

a high resolution, three-dimensional surface image and a field of depth; this is important 

in the analysis of any penetrating trauma, as microscopic surface detail imparted in bone 

by the blade may lead to identification of the weapon (Alunni-Perret et.al, 2005).  

Research of bone trauma using SEM (e.g. Batelink et.al (2001); Tucker et.al (2001); Kooi 

& Fairgreive (2013)) demonstrate that high resolution imaging allows more trauma 

characteristics to be visualised.  For example, striations may be transferred to the bone 

from the blade that cannot be seen macroscopically, but can be visualised using SEM.  

(Pounder et. al, 2011).  Such studies of sharp force trauma, with particular attention to 

the kerf and lesion edges, regularly use SEM in an attempt to individualise various blades 

in an attempt to identify a specific weapon (Ferllini, 2012 & Tucker et.al, 2001).  The 

technique has also been used in attempts to visualise any changes in the site of the trauma 

after exposure to various post-mortem alterations or damage (Alunni-Perret et.al, 2005; 

Kooi & Fairgreive, 2013).  SEM affords a method that can give analysts the most accurate 

means of categorising the class of an instrument, and indeed the type of blade used, in an 

anthropological investigation of sharp force trauma (Batelink & Wierseman, 2001).   
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3.4 Macroscopic Characteristics of Blunt Force Bone Trauma 

Blunt force trauma mechanisms are highly variable and may result from an almost infinite 

number of objects.  This is combined with differing mechanisms caused by the resultant 

object striking the individual, or the individual striking the object (e.g. during a fall).  The 

mechanisms causing the trauma can be impossibly complex, making interpretation 

extremely difficult (Kimberle & Barayber, 2008).  The wound characteristics, fracture 

patterns and distribution of injuries are important components in analysing blunt trauma 

and assessing the mechanism of injury.  As there may be multiple injuries sustained, 

caused from a variety of mechanisms or different means, a minimum number of injuries 

should be estimated.  This is an estimation (and not a determination) because it may be 

difficult to determine the exact number in some instances (Kimmerle & Baraybar, 2008).   

 

The size of the impacting object includes both its length and width.  Unless the long axis 

of an instrument is clearly imparted in the bone, the length cannot be estimated with any 

numerical accuracy; only a rough description (long or short) may be given (DiMaio & 

DiMaio, 2001; Dix, 2000).  The width of an object may also be difficult to determine 

beyond a basic descriptor (such as wide or narrow).  In optimal conditions there may be 

impressions left in the soft tissue, but it is unlikely that a clear impression would be left 

in bone.  As a result, a large proportion of blunt trauma is described as either focused or 

diffuse.  For example, an injury to the skull where the impact area is clearly visible, but 

the imprint of causative instrument is not visible, indicates that the trauma was focused.  

If an individual falls and struck their head against a pavement, the impact would be 

described as diffuse (DiMaio & DiMaio, 2001; Dix, 2000).  This may become 

complicated when comparing a bludgeon to a collision.  For example during the fall, an 

object may be struck (such as a kerbstone, or a rock) and the injury can appear as though 
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bludgeoning from an instrument striking the skull.  Similarly rounded instruments can 

mimic injuries from a fall.  Thus it is imperative that when analysing trauma, forensic 

anthropologists have an understanding of the circumstances of which the remains were 

recovered (DiMaio & DiMaio, 2001; Dix, 2000; Gebereth, 2006).   

 

Narrow objects need less force than wide objects to cause fractures.  This can also have 

an impact of trauma analysis when attempting to estimate the force behind the strike and 

the strength of the person wielding the weapon.  Accordingly, weapon weight can only 

be estimated as light or heavy.  Generally lighter weapons will cause smaller injuries with 

fewer fracture lines than heavier ones.  Heavy weapons swung with large amounts of 

force can cause devastating injuries to bone, causing extensive fracturing, fragmentation 

and crushing which makes an assessment of object weight difficult.   

 

3.4.1 Wide Focused Blunt Force Trauma 

Linear fractures are usually the result of an impact with an object of large mass, such as 

a direct impact with an object in an assault, or during a car accident involving head trauma 

(DiMaio & DiMaio, 2001).  The impact site experiences a compressive force that causes 

a reactive tensile force at the internal side of the bone (Wedel & Galloway, 2014).  Bone 

fails under tensile before compressive forces, and thus fractures on the endocranial 

surface first (see Chapter Two).  Fractures radiate from the site of impact and create 

wedge-shaped bone fragments (Wedel & Galloway, 2014).  Radiating fractures travel 

outwards from the impact site in a sunburst pattern, concentric fractures may then develop 

between the radiating fractures, forming a ring that circumscribes the impact site (Kroman 

et.al, 2011.)  Linear fractures pass through the skull and usually follow the path of least 

resistance (Figure 3.2).   
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Figure 3.2.  Blunt force linear fracturing of the skull showing wedge-shaped fragments 

caused by radiating and concentric fracturing. (Source: Dirkmaat, 2012). 

 

In the majority of cases both the tables and dipolё are separated.  Linear fractures may be 

displaced (resulting in distinct pieces of bone) or non-displaced (Wedel & Galloway, 

2014).  The denser portions of the skull generally show non-displaced linear fractures.  

As the bones of the skull are under inherent tension, the fracture may release this tension 

and the bone can warp.  Linear fractures are seldom straight lines, as because they follow 

the path of least resistance, they can diverge in some areas, especially in the case of an 

incomplete fracture (Ortner, 2003).  There may be insufficient energy from the impact for 

the fracture to travel the entire way through the bone, with it instead terminating part-way 

through the bone.  Blows to the apex of the head may cause linear fractures in the inferior 

portions of the skull (moving down from the impact site) or injuries to other portions of 

the skull may result in linear fractures in distant bones (DiMaio &DiMaio, 2001).  This 

may become important when aiding the pathologist in detailing the cause and/or manner 

of death (DiMaio & DiMaio, 2001).  Massive forces or compression of the skull may 

result in severe linear fracturing, or composite fractures, as commonly observed in 
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incidents involving collisions with aircraft accidents.  These may be so severe that the 

cranial vault may rupture due to the large amount of fracturing (Wedel & Galloway, 

2014).   

 

3.4.2 Narrow Focused Blunt Force Trauma 

Depressed fractures may (or may not) actually penetrate the skull.  They may cause the 

dipolё to collapse, which can then be followed by the failure of the outer and inner tables 

(Wedel & Galloway, 2014).  Linear fractures may result from this failure and radiate 

outwards from the point of impact.  “Pond-fractures” are commonly referred to as 

depressed fractures that occur in the outer table only, which occurs in infants more 

commonly than adults or juveniles due to a higher degree of elasticity in their skulls.  

With a larger amount of applied force, and thus associated penetration, the inner table 

may also fail (Figure 3.3).  Due to the localised application of force, the area of impact 

can be demarcated (Kimmerle & Baraybar, 2008).  This is not always the case, however, 

as the area of impact may be subjected to more damage and the curvature of the skull may 

also prevent a clear outline of the impact site.  Due to the thinner and more flexible nature 

of infant skulls, they are able to absorb a larger amount of force than an adult without 

fracturing due to failure.  Depressed fractures are thus reported 3.5x more frequently in 

infants than adults (Wedel & Galloway, 2014).   
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Figure 3.3.  Depressed cranial fracture caused by a blow with a hammer (narrowly 

focused force) (Source DiMaio & DiMaio, 2001). 

 

3.4.3 Stellate Fractures 

Stellate fractures are “star-shaped” and consist of multiple radiating linear fractures.  

These originate at the point of impact where tensile forces are most pronounced.  Heavy 

loads with a relatively low velocity may cause this type of injury, as this type of impact 

can produce extensive in-bending that results in a stellate fracture (DiMaio & DiMaio, 

2001; Wedel & Galloway, 2014).   

http://www.google.com.au/imgres?imgurl=http://www.mussenhealth.us/carbon-monoxide/images/1856_102_72-basilar-skull-fracture.jpg&imgrefurl=http://www.mussenhealth.us/carbon-monoxide/fractures-of-the-skull.html&h=293&w=434&tbnid=DujFOyTSpO5K7M:&docid=atjfjDDjHF6Y6M&ei=_5QpVuaDNMi6mAXt9o-oCA&tbm=isch&ved=0CGQQMyhBMEFqFQoTCKb_s-6_18gCFUgdpgodbfsDhQ
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Figure 3.5.  Stellate lacerations of the scalp, caused by multiple blows with a hammer 

(Source: DiMaio & DiMaio, 2001). 

 

3.5. Sharp and Hacking Trauma 

The analysis of sharp force trauma begins with a general morphological description of 

the cut mark, followed by a more detailed description of the specific characteristics of a 

variety of traits, such as the presence of chattering, chipping and flaking (amongst others) 

(Lewis, 2008).  This initial examination is conducted visually, or with the aid of a low 

magnification microscope, usually under bright incandescent lighting.  Most 

morphological features can be observed in sufficient detail without the aid of SEM 

(Lewis, 2008).  A knife creates a V-shaped kerf floor in bone when viewed in cross-

section.  Incised wounds generally follow the contour of the bone, while stabbing wounds 

produce punctures or gouges in the bone if struck (Dirkmaat, 2012).  A broad 

classification of weapon can be accomplished by examining the kerf floor.  A narrow, V-

shaped floor indicates a thin bladed instrument, whereas a wider, (or squared) kerf may 

indicate a thicker and heavier blade, such as an axe or machete (Dirkmaat, 2012).  

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPD96eLB18gCFaQ0pgodrwME2w&url=http://www.mussenhealth.us/carbon-monoxide/fractures-of-the-skull.html&bvm=bv.105841590,d.dGY&psig=AFQjCNFI9VWms9E8kbk2TaH-NlGzj-Im5A&ust=1445652568824114
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Humphrey and Hutchinson (2001) have described three main macroscopic characteristics 

of sharp or hacking trauma: 

1. At least one side of the injury shows a smooth, flat surface cut by the blade. If the blade 

enters the bone at an angle other than 90°, the obtuse-angled side shows a smooth cut 

surface. The acute-angled side terminates in fractured bone.  

2. On the acute-angled side, the outer surface of the bone is detached from the underlying 

bone as thin flakes. In ancient material, the flakes are normally lost, but in the 

experimental bone injuries, the flakes remained held in place by the membrane that 

surrounds the bone.  

3. Injuries also frequently show large areas of bone broken away from beneath the blades 

as they passed through skeletal elements. 

Using the above criteria an injury can be classified as a sharp or hacking trauma.  These 

criteria are simplistic and are readily observable in the macroscopic analysis of bone.  

There are a variety of macroscopic variables that can document sharp trauma, which are 

a reflection on the type of weapon used.  Table 3.1 (from Kimmerle & Baraybar, 2008) 

outlines a selection of those variables that are useful when documenting sharp force 

trauma.   

 

 

 

 

 

 



45 
 

Table 3.1.  Characteristics used in describing sharp force trauma (Source: Kimmerle & 

Baraybar, 2014). 

 

 

3.5.1 Knife vs. Machete 

Trauma inflicted by a knife can be clearly discerned from that of a larger or heavier blade 

such as a machete.  The average blade length of machetes (or similar large bladed classes 

of weapons) are significantly longer (22.9-24.2mm) than the average marks left by knives 

which are much shorter (mean 12.7mm) (Lewis, 2008).  This said, the length of the mark 

is not diagnostic of the weapon class used, which is largely related to the diameter of the 

bone being struck (Lewis, 2008).  However, the general appearance of the trauma is easily 

differentiated.  Machetes will produce wide, deep trauma sites that display large amounts 

of damage to the sides of the kerf; the kerfs also appear straight (Lewis, 2008; Humphrey 

& Hutchinson, 2001).  Depending on the actual blade of the weapon, the cut produced 

will be deep and narrow, or deep and wide.  Blades with a lower level of “sharpness” 

(blades used for hacking vs cutting) will produce a kerf with a squared floor (Lewis, 2008; 

Symes, 2002).  Machetes will often produce cuts with a curved, smooth wall and a 

roughened straighter side.  This contrasts with the traditional “v” shape of a knife cut.  

The smooth, curved wall is also referred to as the obtuse angled side, with the roughened 

side the acute angled side of a cut not struck perpendicular to the bone (Figure 3.4) (Lewis, 
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2008; Humphrey & Hutchinson, 2001).  The difference of the two sides in their respective 

cross-sectional shaped markings are most likely due to the downward direction of the 

force applied during a strike of a longer bladed weapon.  The straight (acute angled) side 

usually contains more traces of damage such as feathering or flaking of bone (Lewis, 

2008; Humphrey & Hutchinson, 2001). 

 

Figure 3.4. Charateristic wound patterns of wedge-shaped bone injuries applied by 

slashing or hacking trauma. (Source: Humphrey & Hutchinson. 2001). 

 

3.5.2 Entry Sites 

Humphrey and Hutchinson (2001) suggest that axe wounds are clearly recognisable 

(albeit variable) showing a clear entry site with chattering and the crushing of bone at the 

site of impact, and fractures at the base of the kerf (Humphrey & Hutchinson, 2001).  The 

entry sites sometimes contained large, triangular fragments of bone pushing into the 

wounds.  There were some examples that exhibited bone detaching from the opposite side 

of the wound at the exit site.  The fractures at the base of the kerf occur at the acute angled 

side of the wound.  The axe wounds were able to be differentiated from those caused by 
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machetes based on the shallow depth of penetration before fracturing (Humphrey & 

Hutchinson, 2001).   

 

In contrast, a similar study by Lynn and Fairgrieve (2009) showed a significantly lower 

percentage (48.1%) of chattering at entry wounds caused by axes.  The two papers differ 

in that Humphrey and Hutchinson did not use fleshed bones to conduct the experiments, 

whereas Lynn and Fairgrieve did.  The authors of the latter study put the significantly 

lower amount of chattering observed down to the “shock absorbing capacity” of the 

contiguous flesh (Lynn & Fairgrieve, 2009).  However, when examining the femora and 

fibulae, and discarding the results of the tibiae, their results were more comparable to 

those of Humphrey and Hutchison (2001) at 68%.  Flaking may be observed on the acute 

angled site of the entry point, however the latter may not always visible for analysis if 

there is extreme fragmentation at the entry site (Lynn & Fairgrieve, 2009).  The obtuse 

angled side of the entry point may (or may not) show any flaking or chattering (Humphrey 

& Hutchinson, 2001).  There will, however, be examples of chattering on the acute angled 

side of all sites of trauma in which there is evidence of the obtuse sided chattering, which 

should prevent analysts making an error when attempting to determine the direction from 

which the blow was delivered (Humphrey & Hutchinson, 2001; Lynn & Fairgrieve, 2009; 

Lewis, 2008).   

 

With wider and heavier blades (such as axes or hatchets), chattering (or bone flakes) are 

occasionally observed.  Humphrey and Hutchinson (2001) state that these weapons will 

almost always exhibit bone fragmentation, however, in the study by Lynn and Fairgrieve 

(2009), only 13/27 (48%) of fleshed samples were observed to exhibit that characteristic.  

This demonstrates the large amount of variation in characteristics used to visually analyse 
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trauma.  However, when the trauma was inflicted on an angle other than perpendicular to 

the bone, chattering was observed in all samples on the acute angled side, with only two 

samples out of the 15 exhibiting the flaking on the obtuse angled side of the trauma site 

(Lynn & Fairgrieve, 2009).  

 

3.5.3 Depth and Width of Wound  

The overall depth and width of a wound is routinely used to exclude weapon types, 

however this is contentious (DiMaio & DiMaio, 2001; Lynn & Fairgrieve, 2009; 

Dirkmaat, 2012).  A large (up to 3.3mm) difference has been observed, which is 

significant enough to call this type of differentiation into question.  With a range of entry 

widths from 1.8 to 6.2mm for axes being observed, different weapons may be the cause, 

but there was no observed consistency between fleshed and un-fleshed bones (Lynn & 

Fairgrieve, 2009) or between the two studies (Lynn & Fairgrieve, 2009; Humphrey & 

Hutchinson, 2001).  With this conclusion, it may only be possible to exclude an axe as 

causative weapon when a narrow and deep cut mark is observed. 

 

3.6 Microscopic Characteristics of Sharp Force Bone Trauma 

Forensic investigators commonly identify “tool marks” through comparisons with 

experimental markings made by the same class to the suspect weapon.  Forensic 

investigators have concentrated on certain characteristics left by other types of weapons 

and tools in the cut surface of bones.  For example, Symes et.al (1998) successfully 

demonstrated that the analysis of saw marks on the cut surface of bone enabled 

individualisation of the specific saw that inflicted the damage (Tucker et.al, 2001).  

Microscopic analysis has been used to identify signature characteristics and features in 
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the cut surface of bone.  These topographical features are marked by parallel striations 

formed by characteristic qualities of the blade edge (bevel).  SEM provides high-

resolution, three-dimensional surface imaging, an increased depth of field and 

enhancement of the surface features which may not be visible to the naked eye (Tucker 

et.al, 2001).  During investigation into Bronze-aged remains, Wakely (1993) discovered 

curved parallel striations in the cut surface of a second cervical vertebrae from Covesea, 

Scotland.  Using SEM, it was determined that these, and other examples, all exhibited 

parallel striations perpendicular to the kerf floor (Wakely, 1993; Tucker et.al, 2001).  

Wakely concluded that the parallel striations were “Clearly a general feature of bone that 

has been cleanly cut with a single blow from a thin, straight, metal blade” (Wakely, 1993: 

208).   

 

3.6.1. Knife Trauma 

Trauma caused by a knife exhibits microscopic characteristics consistent with a sharp 

trauma mechanism but exhibit a lack of blunt trauma mechanism.  Using SEM, Alunni-

Perret et.al (2010) were able to determine that knife cut wounds have even edges and a 

smooth kerf floor and walls.  They also noted a lack of bone fragments present in the 

edges of the wound; this contrasts with a bladed weapon capable of a blunt mechanism 

(see above, e.g. axe trauma).   

 

3.6.2. Hacking Trauma 

Implements used in hacking trauma are capable of causing injury with both sharp and 

blunt mechanisms.  With enough force, the wound exhibits crushing and fracturing 

injuries visible macroscopically.  Alunni-Perret et.al (2010) describe injuries caused by a 
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hatchet as containing blunt mechanisms.  The main feature of the associated blunt trauma 

is lateral pushing back; this is caused by the width of the blade and the weight of the 

weapon which leads to a greater pressure being exerted in the bone (Alunni-Perret et.al, 

2010).  The lateral pushing back is due to lateral compression, which is when the blunt 

instrument impacts the bone, the walls of the lesion are subjected to an increased 

compressive force until failure occurs, with an accumulation of bone on adjacent surfaces 

of the lesion (Alunni-Perret et.al, 2010).  Lateral pushing back is strongly associated with 

a blunt mechanism and as such is never associated with knife trauma (Alunni-Perret et.al, 

2010).  With a blunt mechanism causing the trauma, at least one side of the lesion was 

irregular, and also presented with presence of bone flakes (chattering) and in some 

instances larger bone fragments.   

 

3.6.3 Cleaver 

Trauma inflicted by a cleaver will produce parallel striations in the kerf wall that are 

perpendicular to the kerf floor.  The wall is typically the smooth, obtuse-angled side of 

the wound (Tucker et.al, 2001).  Parallel lines produced by cleavers are readily visible 

under SEM; the cut surface of the bone is characterised by thin, fine, distinctive striations 

that are relatively close spaced, and the overall surface of the striations is smooth (Tucker 

et.al, 2001). 
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Figure 3.5.  Parallel, close spaced fine striations in bone from trauma inflicted by a 

cleaver.  Visualised using SEM.  (Source: Tucker et.al, 2001). 

 

Trauma produced by machetes are similar to that of cleavers, as they also produce parallel 

striations perpendicular to the kerf floor; however the striations exhibited in machete 

trauma are typically coarse and more pronounced than those produced from a cleaver 

(Tucker et.al, 2001).  The striations are typically smoother in appearance that the sharp, 

fine lines of cleaver striations (Figure 3.6).  They are also slightly wider spaced and 

discernibly more rugged in morphology (Tucker et.al, 2001).   
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Figure 3.6.  Rough morphology of striations in bone cut with a machete, visualised using 

SEM.  The resultant striations are more rugged and wider spaced than those caused by 

that of a cleaver.  (Source: Tucker et.al, 2001).   

 

Comparison of the cut surfaces of the bones to the edge of the weapon can reveal a 

correlation that allows class characteristics to be defined.  The plastic response of the 

organic components of bone enables the cut surfaces to preserve evidence of the weapon 

edge (Tucker et.al, 2001).  The thin, sharp and finely defined-walls of cleaver striations 

are reflected on the edge of the blade; it is apparent that the striations observed in the cut 

surface of the bone results directly from the topography of the blade edge (Tucker et.al, 

2001).  Although the resolution and number of striations may differ between the blade 

edge and cut bone surface, it is the common characteristic of the striations that permit 

weapon class to be discerned.   

 

The blade edge of a machete corresponds to the striations in cut bone having a coarse and 

“gently rolling” smooth appearance.  The overall granularity and coarse topography, 

along with coarse striations (in both the cut bone and blade edge), allow distinction of 

this class of blade.  There is commonly a high degree of imperfections in machete blades 

that contribute to the overall rugged topography of the blade and also impart coarse 
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striations in the form of “tracks”.  Unused blades do not have the imperfections associated 

with use, however, class characteristics are still discernible and differentiation can be 

achieved (Tucker et.al, 2001).   

 

3.6.4 Axe/Hatchet 

Trauma from axes or hatchets cause a large amount of damage to bone and there is 

typically associated fracturing.  Thus, it may be difficult to discern any striations present 

in the impact site of the bone.  As previously mentioned, bone fracturing is caused by the 

blunt force mechanism of the hacking trauma, as opposed to the sharp edge on the blade 

(Tucker et.al, 2001; Alunni-Perret et.al, 2010).  Axe trauma does not typically leave 

striations in bone, thus the lack of striations may be used as a diagnostic characteristic 

when there is large amounts of damage.  Even though there are striations visible in axe 

blades, these may not be visible in the cut surface due to the wedge action of the blade 

(Lynn & Fairgrieve, 2009). 

 

3.7 Osteon Pull Out 

Originally described by Piekarski (1970), osteon pull out is a phenomenon that is 

associated with lower energy, or slower propagating, fractures.  It occurs when a low 

energy fracture follows the path of least resistance in bone and travels through the 

interstitial matrix (Lynn & Fairgrieve, 2009).  The fracture is then bridged by the osteons, 

as their tensile strength exceeds the shear strength at each concentric inter-lamellar 

interface.  The osteons eventually fail above or below the fracture line and produce an 

irregular pulled-out appearance caused by individual fibres being pulled out of the matrix 

(Lynn & Fairgrieve, 2009).  A rough fracture surface is the result of a fracture propagating 
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around the osteons, while in high energy situations the fracture simply dissects the 

structures, providing a far smoother surface (Lynn & Fairgrieve, 2009).  In defleshed 

specimens there is sufficient force from a swing of an axe, coupled with a lack of soft 

tissue, that acts as a shock absorber; osteon pull out is thus not observed.  However when 

soft tissue is present, it will be observed in secondary fractures that have less energy than 

the initial point of impact, and the overall trauma will then exhibit characteristics 

commonly associated with a lower energy impact (Lynn & Fairgrieve, 2009).  Osteonal 

pull out has been described in fleshed bone trauma inflicted by axes or hatchets.  It is also 

hypothesised that the angle of impact may decrease the presence of pull out (Lynn & 

Fairgrieve, 2009).   

 

Lamellar separation has also been observed in fleshed bone trauma (e.g. Lynn & 

Fairgrieve, 2009).  This phenomenon may also act like osteon pull out, as it occurs in a 

step-like manner.  This suggests that the layers may also act like a bridge, propagating 

the fracture until the periphery is reached, and bone is completely bisected (Lynn & 

Fairgrieve, 2009).  It is believed this occurs as the weapon enters the bone and pulls the 

circumferential lamellae along with it towards the lumen as it continues to the vector.  

The lamellae separate and indicate the directionality of the instrument inflicting the 

trauma (Lynn & Fairgrieve, 2009).   

 

3.8 Tool mark Analysis in Bone Trauma 

Tool mark analysis is a branch of forensic science that has been used for many years.  

Possibly the most well-known example is that of matching striations and damage inflicted 

to a lead bullet whilst travelling down the barrel of a firearm, to that of a replicate bullet 

fired down the same barrel (DiMaio, 1999; Geberth,2006).  With many types of serrated 
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knives available (from steak knives to combat and tactical knives) there has been research 

undertaken to attempt to match tool marks left in both the skin and bones to a particular 

pattern of serration on a blade (e.g. Pounder et.al, 2011; Pounder & Reeder, 2010; 

Thomson & Inglis, 2008; Pounder &Cormack, 2011).  Serration is used for a number of 

reasons (depending on the nature of the knife); for example steak knives are serrated to 

enable a cutting edge that does not slip during the sawing action (Symes, 2002).  Hunting 

and survival knives use serration edges, usually on the back, or upper edge of the blade, 

for sawing.  Other knives have been developed with partial serrated blades that largely 

appear to be mostly for aesthetic purposes.  With a variety of different wound patterns 

caused by the different serrations in a given knife blade, there is evidence to show that 

these can be differentiated and thus a particular style of weapon can be identified 

(Pounder et.al, 2011; Pounder & Reeder, 2010; Thomson & Inglis, 2008; Pounder & 

Cormack, 2011).    

 

Using variances in striations in bone struck by a blade in a cutting or stabbing pattern, 

there is the potential to identify a particular single weapon (Pounder & Cormack, 2011; 

Pounder et.al, 2011; Thomson & Inglis, 2008).  Much in the same way as firearms 

identification is used to compare a bullet and the barrel from which it was fired, damage 

done to the blade from use will alter the blade and leave unique striations, nicks and 

gouges.  This may then be transferred into a bone if it is struck, thus leaving striations in 

the bone that may be able to be compared to the blade (Tucker et.al. 2001).  Whilst no 

single study has quantified this method of identification, there has been mention of the 

possibility in the published literature (e.g. Lynn & Fairgrieve, 2009; Pounder & Reeder, 

2010; Alunni-Perret et.al, 2005).  Using SEM to examine individual tool marks and 

attempt to individualise a weapon, Alunni-Perret et.al (2005) analysed micro-striations, 

which are faint lines that run along the longitudinal axis of the walls of a kerf and are a 
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reflection of any minute imperfections in the blade of the implement used.  The 

appearance varies depending on the weapon used (Blau & Ubelaker, 2009).  The angle of 

entry and the direction of the cut wound may thus be able to be determined by analysing 

those markings, potentially aiding in identifying offender position in relation to the body.   
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Chapter Four 

Materials and Methods 

4.1 Introduction 

The aims of the present project is to attempt to identify trauma based on macroscopic 

characteristics and subsequently whether SEM can be used to differentiate between sub-

classes of blades based on trauma patterns in porcine bone.  The following chapter 

outlines the materials, and thereafter the weapons and weapon sub-types analysed are 

described.  The specific method used to inflict the trauma is detailed and the Chapter then 

concludes by detailing the analytical methodology for the macroscopic and microscopic 

assessment, including the SEM technique and associated coating methods applied. 

 

4.2 Materials 

Skulls and long bones from the domesticated pig (Sus Scrofa) were selected for this 

project as the latter is widely accepted as being relatively comparable to the structure of 

human bone for experimental purposes (Humphrey & Hutchinson, 2001; Tucker et.al, 

2001; Lewis, 2008).  It is acknowledged in a forensic context that stabbing wounds are 

more common in the abdominal and thoracic regions (DiMaio & DiMaio, 2001; Banasr 

et.al, 2002), however the skull and long bones are investigated in the present project due 

to financial constraints that prevented the use of ribs and/or whole pigs.   

 

The porcine skull has a longer nasal bone and a general elongation of the skull relative to 

a human; in addition the bones of the pig skull are also considerably thicker, measuring 

approximately 6.57 to 7.23mm in humans compared to 9.74mm for an 80kg female pig 
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(Shridharami et.al, 2012).  However, as the present project is designed to primarily 

quantify tool marks in bone, as opposed to fracture patterns, the difference in skull 

thickness should not negatively influence the interpretation of the data acquired.   

 

A total of 12 Sus scrufosa disarticulated skulls were sourced from the Linley Valley 

commercial abattoir; those pigs were not purposely euthanized specifically for this project 

as they are consumption (food chain) animals.  An application to the UWA Animal Ethics 

Committee was made (Tissue Reuse) and accepted prior to project commencement (see 

Appendix).  The pigs from the abattoir were all sows and under eight months of age.  The 

average weight of the pigs was between 30-45kg at the time of slaughter.  The heads were 

stored in a locked freezer prior to defrosting for experimental use.  Four femurs were 

sourced from a local butcher (Star of the North) in Currambine and were purchased before 

they were sectioned for marrow extraction.  Those also came from a commercial abattoir, 

with the pigs being sows of approximately the same weight as those from which the skulls 

were sourced (see above).   

 

4.3 Method 

The present project has two main experimental aims: 1) differentiation of chopping 

weapons; and 2) differentiation of blade subtypes.  The trauma inflicted in the porcine 

skulls involves a chopping motion (from a variety of weapons) to determine differences 

in trauma relative to investigating the effect of different blade size and weight.  The 

second aim involves the investigation of blade sub-types, primarily the morphological 

and microscopic differences between straight and serrated blades.  In order to facilitate 

identification and comparison of these types of trauma, a stabbing motion was applied 
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across the long bones to attempt to replicate the type of trauma that is often associated 

with stabbing victims.   

 

The following sections outline the weapons used to inflict the required trauma and then 

the specific method of how the trauma is inflicted.  The remainder of the chapter then 

outlines the process of cleaning, preparing and coating the bones for macroscopic and 

SEM analyses. 

 

4.3.1 Sample Preparation 

Prior to the infliction of trauma, neither the skulls nor long bones were de-fleshed to 

facilitate (as closely as possible) an accurate traumatic event in the living (Figure 4.1).  

The skulls were stored in a locked coffin freezer when not in use, and thawed in a pot of 

room temperature water overnight as required.  Following the infliction of trauma, each 

skull is photographed and macerated (see Figure 4.2); the section of skull with the trauma 

is then removed using a bone saw, catalogued (photographed) and prepared for 

subsequent analyses (see below).   
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Figure 4.1.  Anterior and antero-inferior views of a pig head prior to the infliction of 

sharp force trauma.   

 

 

Figure 4.2.  Anterior view of defleshed pig skull after cleaning and maceration in boiling 

water. 

 

4.3.2 Test Implements: Introduction 

The weapons analysed in the present study were selected to represent a variety of 

commonly encountered and easily accessible blades of different sub-types, including: a 

serrated bread knife (Figure 4.3); straight-edged knife (Figure 4.4); serrated steak knife 

(Figure 4.5); hatchet (Figure 4.6); and a machete (Figure 4.7). 
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Figure 4.3. Serrated bread knife (Inspire brand).  The demensions are as follows: 80mm 

wide; 270mm length blade with single sided bevel.  Rounded serrations on left side of 

blade. 

 

Figure 4.4.  Arcosteel straight-edged kitchen knife.  The characteristics of the blade are 

as follows: 90mm wide; 270mm long blade with single edge bevel.  No serration on blade. 

 

 

Figure 4.5.  Steak knife with serrated edge (unknown brand).  Blade characteristics are 

as follows: 55mm wide; 180mm long, double sided bevel.  Triangular serrations.   
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Figure 4.6. A) Saxon hatchet.  Hatchet blade characteristics are as follows: 250mm long; 

200mm wide with a double bevelled blade.  No serrations.  B) Close up of hatchet edge. 

 

 

 

Figure 4.7.  Gerber machete.  Blade characteristics: 650mm long; 120mm wide; double 

bevelled blade with no serrations.   
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Figure 4.8.  Galvanised metal pipe used to inflict blunt trauma.  Pipe dimensions 1000mm 

long, 20mm thick.   

 

4.3.3 Infliction of Trauma 

Trauma are inflicted with an unrestrained and unregulated swing of the above weapons 

using a chopping motion.  It is important to note that the swing taken to inflict the trauma 

is not able to be regulated (standardised) in the present study, however an attempt was 

made to keep each strike as consistent as possible.  Irrespective, there is no common (or 

regulated) force when weapons are involved in the “real world”.  For example, anger or 

substance influence in combination with the strength of an individual (among other 

factors) all determine the force delivered in inflicting trauma, as such the use of a 

mechanical, standard force would not be indicative of a real-world trauma pattern (Wedel 

& Galloway, 2014; DiMaio & DiMaio, 2001; Kimmerle & Baraybar, 2008).   

 

The trauma inflicted in the long bones was made in a single stroke sawing motion, once 

over the bone, then back towards oneself.  This was performed to best facilitate a realistic 

stabbing motion that allows the knife edge to incise the bone in much the same way as 

would be expected in a stabbing victim with injuries to the ribs or forearm commonly 

resulting from a defensive stance (DiMaio & DiMaio, 2001).  A stabbing motion was 

used across the edge of the long bones to attempt to recreate an actual stab wound inflicted 

during an assault.  While the motion applied is somewhat simulated, the force and speed 
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in which the trauma was inflicted was kept as accurate as possible to an actual stabbing 

motion that would be used by a perpetrator.  The blade was run over the edge of the bone 

to attempt and inflict trauma that could be then analysed by comparing the serrations of 

the test knives to the striations left in the bone (see below).   

 

4.4 Sample Preparation 

In order to analyse the inflicted trauma the bones had to be cleaned, photographed and 

then coated for SEM analysis.  The following paragraphs outline the method for these 

procedures, in addition to the protocols for the SEM analysis. 

 

4.4.1 Cleaning and Maceration 

After photographing the skulls and long bones to document the trauma, the skulls were 

de-fleshed manually prior to maceration (see below) using a scalpel to remove excess soft 

tissues; this was performed carefully to avoid contact with the underlying bone.  The 

manually de-fleshed bones were then placed in a large 60 litre pot filled with water so the 

entire skull was covered (As per Hunter et.al, 2001; Tucker et.al, 2001).  Biozet laundry 

power (approximately 60g) and potassium hydroxide (approximately 3-5g) were added 

to degrease the bones and aid in removal of excess tissues.  The pot was then heated to a 

simmer and left under a fume cupboard until the remaining flesh had come away from 

the bone (Figure 4.9); this process took approximately eight hours.  The skull was then 

removed from the vat, and any remaining flesh was cleaned off using a water jet; the 

bones were then placed in the fume hood to dry. 
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Figure 4.9-Fume cupboard setup with maceration and cleaning equipment. 

 

4.4.2 Excising trauma and sample preparation 

Trauma impact sites were excised using a Dremel circular saw under a fume cupboard 

(Figure 4.9).  The trauma site was dissected into four sections for SEM analysis; one from 

each end of the cut and two from the centre of each trauma site, each of which is large 

enough to facilitate multiple samples.  Care was taken to avoid damaging the cut marks 

and leaving any striations in the bone that could lead to erroneous results when analysing 

the serrated samples.  The samples were sanded prior to coating to produce a smooth 

external surface for maximal coating efficiency.  The samples were then coated in carbon 

to provide a conductive surface and prevent charging due to electron bombardment when 

under SEM.  The samples were then mounted for SEM using carbon tape (Method as per 

Alunni-Perret et.al, 2005 and Kooi & Fairgrieve, 2013).   
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4.5 Analysis of Trauma  

i) Macroscopic 

The head was photographed prior to and after the infliction of the trauma.  After cleaning, 

the bone was visually analysed methods for documenting macroscopic characteristics in 

the literature (e.g. Crowder et.al, 2013; Humphrey & Hutchinson 2001; Ferllini, 2012).  

The long bones were also photographed in a similar manner prior to infliction of trauma 

and then again after the inflicted trauma.  The visual analysis was also conducted on the 

long bones following the same macroscopic approach (Crowder et.al, 2013; Humphrey 

& Hutchinson 2001; Ferllini, 2012).   

 

ii) Microscopy  

Microscopic analysis was carried out using a Zeiss 1555 VP-FESEM microscope, with 

secondary electron and backscatter electron imagery.  This machine is capable of high 

resolution, low voltage analysis of a wide variety of samples.  Due to the size of the 

samples, a longer working distance (20μm) was used to see more of the sample and give 

a clearer image.  A working voltage of 15ev was used to maximise the effective imaging 

capacity.  Both secondary electron capture and backscatter electron images were used in 

the analysis of the bone trauma.  The backscatter was used primarily to determine if 

striations seen in secondary mode was the result of trauma or the side effect of electron 

charging on the sample, which appears as white lines across the image.  An overview of 

the trauma was imaged, followed by macro images of specific sites of interest in the 

samples.   
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Chapter Five 

Results 

5.1 Introduction 

The aims of the present project are to identify whether SEM can be used to differentiate 

between sub-classes of blades based on trauma patterns in porcine bone and to compare 

hacking and chopping trauma from different weapons using macroscopic traits from the 

literature.  The following chapter details the experimental data collected, including 

macroscopic trauma in fleshed skulls, bone trauma in defleshed skulls, and finally the 

microscopic analyses of the latter.   

 

5.2 Fleshed Skull Trauma: Macroscopic Observations  

The initial trauma analyses consisted of a series of macroscopic examinations of the 

fleshed skull.  The sharp force trauma resulted in an incised wound, which from previous 

research in the literature (see Chapter Two), can be readily described due to a known and 

relatively consistent morphology.  The results are presented according to blade type and 

each test conducted consisted of two repeats.  

 

5.2.1. Straight-edged blade  

The straight-edged blade was an Arcosteel kitchen knife.  The blade was 90mm at its 

widest point and 270mm in length.  The blade has a single sided bevel with no serrations.  

The two repeats are outlined below.   
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i) Test 1.  The soft tissue trauma shown in Figure 5.1 is characteristic of an incised wound 

caused by a straight-edged blade.  The incised wound begins superficially (anterior aspect 

of the skull) and deepens as it extends posteriorly.  The wound was inflicted from behind 

with the tip of the blade striking the skull at the most anterior aspect of the skull.  The 

edges of the wound are straight and free from abrasions and contusions; there is a lack of 

tissue bridging in the depth of the wound, which is approximately 8cm long and 0.8cm 

deep (Figure 5.1).   

 

A B 

Figure 5.1 A) Mid-distance shot of trauma to soft tissue using a straight-edged kitchen 

knife.  B) Close-up of the trauma showing damage to the soft tissue and length of the 

wound.  The wound is 8cm in length and 0.8cm deep.   

 

ii) Test 2.  The trauma from the second test using the straight-edged kitchen knife is 

shown in Figure 5.2.  The angle that the blade struck the skull was different in this test; 

the wound is located in a more lateral direction, with the tip of the blade striking the left 

side of the skull (right side of the skull in Figure 5.2 A).  The blade also struck the skull 

in an area with less fatty tissue than the first test.  The wound, however, still presents 

straight edges and is abrasion and contusion free.  There was again no noticeable tissue 

bridging in the depth of the wound, which is 11cm long and 0.3cm deep.   
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A B 

Figure 5.2 A) Mid-distance (reverse) shot of trauma inflicted by a straight-edged kitchen 

knife on a fleshed specimen.  B) Close-up of the trauma to the skull, flesh parted to show 

the underlying bone trauma.  The length of the wound is 11cm, and 0.3cm deep. 

 

5.2.2 Serrated blade 

The serrated blade is an Inspire branded bread knife measuring 80mm wide x 270mm 

long, with a single sided bevel.  The serrations are slightly rounded and were cut in the 

left side of the blade (see Figure 4.3).  Two tests are conducted and the results are 

shown below.   

 

i) Test 1.  The serration on the blade caused a patterned injury in the soft tissue, with a 

rounded edge at the margins of the wound entry point and underlying tissue (Figure 5.3).  

The angle at which the blade struck the skull caused a wound that lifted the tissue and cut 

under the skin; this caused the blade to leave rounded serration patterns in the tissue 

(Figure 5.3B and 5.4B).  The edge of the wound was not straight and showed patterned 

markings that matched that of the knife used to cause the trauma.  The wound did not 

present with abrasions or contusions at the entry site and there is no tissue bridging.  
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A B 

Figure 5.3 A) Mid-distance shot of trauma to soft tissue caused by a serrated kitchen 

knife. B) Close-up of trauma caused by serrated kitchen knife.  Length of the wound is 

6cm, and 0.6cm deep.  Patterned appearance can be seen at the edges of the wound in 

Figure 5.3B.   

 

ii) Test 2.  In the second test using the serrated bread knife, the blade struck the skull at 

a 90° angle that resulted in a wound with a patterned appearance (although different to 

that shown in Figure 5.3) showing the imprinting of the serrations (Figure 5.4).  The 

wound appearance overall is narrow and shallow, only 0.2cm deep, with the edges (even 

though not completely linear) appearing smooth and abrasion free.  The wounds on the 

ear and the top of the head are from errant strikes with the blade and are as such not 

considered further.   
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A B 

Figure 5.4 A) Mid-distance shot of trauma from a serrated blade.  B) Close-up and 

reversed shot of serrated blade trauma.  The wound length is 9.5cm and 0.2cm deep.  The 

patterned appearance can just be seen on the edges of the wound in Figure 5.4B. 

 

5.2.3 Machete 

The machete (manufactured by Gerber) measures 120mm long by 65mm wide; it is 

double bevelled and without serrations (see Figure 4.7).  The strikes from the machete 

in both repeats is inflicted laterallery and as such are orientated across the skull 

(compared to from behind for the knives). 

 

i) Test 1.  The trauma in the fleshed skull caused by the machete is shown in Figure 5.5.  

The wound resulted in a larger and wider wound, with less clearly defined edges 

compared to a knife (see above).  There is a wider point of entry caused by the machete 

and the wound is deeper than that of the kitchen knife.  The edges of the wound to the 

soft tissue are straight and clean, however it is macroscopically evident that there is more 

damage to the underlying bone compared to that of a knife.  The length of the wound is 

7.5cm by 0.8cm wide. 
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A B 

Figure 5.5 A) Mid-distance shot of fleshed trauma caused by a machete.  B) Close-up of 

the machete trauma in central aspect of nasal bone.  The of wound measures 7.5cm in 

length by 0.8cm wide.   

 

ii) Test 2.  The second repeat of the machete trauma test shows the soft tissue damage is 

again relatively clean without excess damage.  The edges are smooth and free of tissue 

bridging.  The wound is again wider and deeper than those inflicted with a knife, but there 

is no chattering or bone crushing evident in the deeper aspects of the soft tissue injury 

(Figure 5.6).  The wound measures 6.5cm in length and 0.4cm in width.   

 

A B 

Figure 5.6 A) Mid-distance shot of machete trauma in fleshed skull.  B) Close-up of 

machete trauma in central aspect of nasal bone.  The wound measures 6.5cm in length 

and 0.4cm in width.   
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5.2.4 Hatchet  

The hatchet (Saxon brand) that has a 250mm long head that is 200mm wide.  The edges 

are bevelled on both sides, but are not serrated (see Figure 4.6).   

i) Test 1.  The trauma caused by the hatchet presents considerably more damage to the 

soft tissues and underlying bone.  The trauma is inflicted using the right hand and standing 

behind and slightly to the right of the skull.  The clearly defined edges to the entry point 

for the knife and machete trauma wounds are not as evident in the hatchet trauma.  While 

the soft tissue is still relatively cleanly cut, Figure 5.7 shows massive damage to the 

underlying bone, with associated crushing and chattering visible.  The combination of 

blunt and sharp forced trauma is evidenced in the clean cut soft tissues and the crushing 

of the hard tissues underneath (see below).  The wound is 5.5cm long and 0.8cm wide.   

 

A B 

Figure 5.7 A) Mid-distance shot of skull demonstrating hacking trauma from a hatchet.  

B) Close-up of wound caused from hatchet.  The wound is 5.5cm long and 0.8cm wide.   

 

ii) Test 2.  The second test inflicted wounds that can be associated with trauma caused by 

an axe or hatchet.  The wound is clearly wider than those caused by a knife and machete 

(Figure 5.1 and 5.3; Figures 5.7 and 5.8).  There is noticeable tissue bridging in this test 

(Figure 5.8B arrow).  The result of the hatchet blow is a combination of sharp cutting, 
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and blunt force trauma caused by the weight of the hatchet impacting the skull.  The 

wound measures 6.8cm long by 0.5cm wide.   

 

A B 

Figure 5.8. A) Mid distance shot of fleshed trauma inflicted with a hatchet.  B) Close-up 

of trauma caused by hatchet.  There was noticeable tissue bridging in this test (Figure 

5.8B arrow).  The wound measured 6.8cm long by 0.5cm wide.   

 

5.2.5 Saw 

The opposite side of the machete has a saw blade with triangular serrated teeth (see above 

for description).  This is used to inflict the trauma in the following tests detailed below.   

 

i) Test 1.  The trauma is inflicted from behind the skull using the right hand.  The result 

of the initial test using the saw blade are shown in Figure 5.9.  The edges of the wound 

are clearly patterned, distinguishing it from those created by the straight edged knife or 

machete.  The tissue at the wound edges is not linear or clearly defined.  There is bridging 

evident in the wound and chattering is also apparent deeper into the wound where the 

teeth of the blade penetrated bone (Figure 5.9).  This injury demonstrates characteristics 

of penetrative trauma, including chattering and bone lifting; both of the latter are not 

evident macroscopically in the knife or machete tests.  The impact of the blade is 
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primarily on the right side of the skull compared to the left (medial) aspect, which tapers 

off into a narrower and shallower wound (Figure 5.9B).  The wound measures 6.5cm long 

and 0.4cm at the widest point.   

 

A B 

Figure 5.9. A) Mid-distance shot of fleshed trauma caused by a saw-edge on a machete.  

B) Blade teeth penetrated the tissue and skull, leaving patterned injury in soft tissue.  The 

wound measures 6.5cm long by 0.4cm wide.   

 

ii) Test 2.  The second test using the saw blade is similarly inflicted from behind the skull 

using the right hand.  The resultant trauma is located more medially compared to the first 

test and there is more uniformity across the whole trauma site.  Again the edges of the 

entrance wound is not straight like the previous tests using the straight blades, but jagged 

and patterned (Figure 5.10).  There is less penetration in this test compared to the first 

and there was no chattering or bone lifting evident; the bone, however, is still penetrated.  

There is also relatively less tissue bridging evident in the second test.   
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A B 

Figure 5.10. A) Mid-distance shot of fleshed skull demonstrating penetrating trauma 

caused by a saw-edged machete.  B) Close-up of trauma caused by machete-saw blade. 

Note the patterned, uneven edge to the entrance wound.   

 

5.3 Defleshed (Skeletal) Trauma: Macroscopic Observations 

The present project also analyses macroscopic characteristics of bone trauma.  This is 

achieved using established published studies to provide the method for quantifying the 

experimental data.  The underlying bone trauma is analysed after the skin and flesh are 

macerated and the bone trauma was then photographed and analysed under uniform 

lighting, thus facilitating maximum visibility of any characteristics and features present.  

The blade types used in the infliction of bone trauma were described previously in Section 

5.2 above.   

 

5.3.1 Straight Kitchen Knife 

i) Test 1.  The bone trauma caused by the straight edged kitchen knife is evident in the 

macerated skull (Figure 5.11).  The entry site is clearly visible, with a clean and delineated 

appearance.  There are no fractures visible at the point of impact or the deepest section of 

the kerf.  Some slight loose flakes of bone are visible at the edge of the trauma site in the 

middle of the cut (Figure 5.11 arrow).  The total length of the wound is 1.2cm, with a 

deeper cut on the lateral aspect, and narrowing towards the medial aspect of the skull.  
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The entry site is narrow and the depth of penetration is also shallow; the measured depth 

is between 1.5 to 2mm.  

 

A B 

Figure 5.11. Macroscopic photograph of skeletonised skull showing bone trauma in the 

parietal bone caused by straight edged kitchen knife.  A) Arrows show flakes of bone in 

trauma site.   

 

ii) Test 2.  The macroscopic bone trauma is similar to that for the first test; the entry site 

is clearly visible.  The depth of the wound is approximately 1.2mm and the length is 

4.4cm.  The length of the trauma is greater than the previous test, however the depth and 

width is similar.  There are no associated fractures visible at the point of impact or deep 

in the kerf.  The left side of the skull (top of Figure 5.12) shows lifting where the blade 

was lifted out of the bone.   
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A B 

Figure 5.12. A & B: Macroscopic photograph of bone trauma in parietal bones created 

with a straight-edged kitchen knife (second test).  B) Note the lifting of bone at the top of 

the figure (arrow) caused as the blade exited the site of trauma.   

 

5.3.2. Serrated kitchen knife 

i) Test 1.  The serrated blade left a distinct impression in the bone; a wavy appearance 

from the blade traversing the surface (Figure 5.13).  The blade did not penetrate the bone 

at a 90° angle, which resulted in the blade skipping over the skull, leaving the patterned 

appearance.  As the blade impacted the skull at an angle, there is lifting of the bone, with 

a non-linear appearance (Figure 5.13).The morphology of this wound thus does not 

resemble that of a straight blade, however the serration pattern is left in both the soft tissue 

and bone.   
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Figure 5.13. Serrated knife trauma to parietal bone.  The bone traversed the bone, leaving 

an imprinted pattern showing the serration pattern of the knife.  The blade did not strike 

the bone at a 90° angle, thus lifting of bone can be seen as the blade traversed the surface 

and entered at a shallower angle. 

 

5.3.3 Machete 

The trauma from the machete and hatchet are inflicted in long bones, as the experiments 

using the skull were unsuccessful due to the machete trauma damaging the skull to such 

a degree that they were unusable.  A single repeat of the machete trauma is outlined below.   

 

The machete trauma presents with a wider entrance wound when compared to the knife, 

with some chattering present at the point of entry.  The depth of the wound is measured 

at approximately 2.5cm.  There is fracturing present on the obtuse angled side, with one 

large fracture present at the base of the kerf (Figure 5.14B).  The opposite side of the 

entry point shows smaller fracture lines, but these occur past the point of entry and 

originate from the kerf.  The wound did not penetrate the whole bone, but did demonstrate 

a deeper penetration than that of the knife.   
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A B 

C 

Figure 5.14. A) Entrance wound showing trauma caused by a machete.  B) Base of the 

kerf showing fracturing from the machete.  C) Opposite side of entry point showing more 

fracturing at the base of the kerf.   

 

5.3.4 Hatchet 

The trauma inflicted with the hatchet shows large amounts of damage to the bone, with a 

full depth fracture visible, chattering and bone splitting at the entry site.  A transverse 

fracture is present at the site of the trauma, creating a large section of displaced bone or 

wastage (Figure 5.15).  There is large amount of splintering at the site of impact.   
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A B 

Figure 5.15. Defleshed long bone showing hatchet trauma and extensive fracturing.  A) 

Figure showing full width fracture, with associated transverse fracture.  B)  Mid-shot of 

the trauma site, showing a displaced fracture with splintering.   

 

5.3.5 Saw 

The saw created a penetrating, as opposed to a cutting or chopping, injury.  Two repeats 

were performed and the results are outlined below. 

 

i) Test 1 The initial test shows clean, penetrating wounds in the bone formed from the 

teeth of the saw blade (Figure 5.16).  The square shape of the teeth are visible in the bone, 

with the spacing of the wounds matching that of the spacing of the teeth of the saw, 

approximately 0.5cm apart.   

 



82 
 

 

Figure 5.16.  Penetrating injury to the nasal bone caused by a saw blade.  Figure shows 

penetration of the teeth in the bone.  The shape of the teeth and the spacing of the wounds 

can be compared to the teeth of the saw.   

 

ii) Test 2.  The second test again shows penetrating injuries, but the trauma in this test is 

less clearly defined, and the teeth shape and spacing is much harder to compare in this 

test.  There is more evidence of bone damage associated with the penetrative injury, which 

was not observed in the first test.  The trauma is less clearly defined in this example 

compared to the previous test, with more extensive damage, particularly to the right 

(lower) side of the injury (Figure 5.17).  The left (upper) aspect of the trauma appears to 

be shallower, and the teeth from the saw blade do not appear to have penetrated the bone 

to the extent they did in the previous test.   
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Figure 5.17. Penetrating trauma to the parietal bone caused by the saw-blade on a 

machete.  The right (lower) side of the injury shows extensive damage to the bone.  The 

left (upper) aspect of the trauma appears to be shallower. 

 

 

5.4 Microscopic Analysis of Cut Marks 

 

The final aim of the project is to identify whether SEM can be used to differentiate 

between sub-classes of blades based on trauma patterns in porcine bone.  The remainder 

of this chapter details the results of the experimental data collected, including microscopic 

analysis of trauma sites using SEM.  Three blade sub-types were investigated, with three 

repeats of each analysed using SEM.   

 

5.4.1 Straight-edged blade 

i) Test 1 The initial test from the straight knife blade shows a cut mark traversing the 

bone.  An overview of the cut mark is shown in Figure 5.18A.  The analysis was 

conducted on the largest cut mark on the left of the image.  The left side of the cut mark 

in Figure 5.18A shows a straight, sharp edge to the cut, while the other side of the cut 

shows bone wastage and is not a clearly defined linear edge.  This can be useful in 
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determining directionality of the knife.  The image under close-up magnification (170x- 

Figure 5.18B) again demonstrates the difference between the two edges of the cut mark.  

The left side of the cut appears straight and linear, while the right side of the cut shows 

there is removal of bone, and the edges of the cut are not linear and smooth. 

A B 

C  

Figure 5.18. A) Magnification of straight edged cut mark using SEM.  B) 170x 

magnification of the knife cut showing differences between edges of the cut mark.  Left 

side of the cut is straight and smooth, while the right is not straight and appears rough.  

No striations are evident.  C) Reverse shot of cut mark, showing the rough edge from the 

opposite side.   

 

ii) Test 2 The second test result shows both edges to be smooth and straighter than those 

of the first test (Figure 5.19A).  There is no rough edge suggesting the blade traversed the 

bone on an angle.  There are no striations or impressions left in the bone which would 

suggest any serrations on the blade.  The 525x magnified image in Figure 5.19B shows 

the smooth walls and edges of the cut.   
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A B 

Figure 5.19. A) Image of straight-edged blade at 182x magnification.  B) 525x 

magnification of cut mark, showing into the kerf.  Edges of the cut are both straight with 

no bone wastage, striations or serration impressions evident.   

 

iii) Test 3 The third test shows straight edges to the cut, with no wastage or rough edges.  

There are no striations or impressions visible; the cut is wider in the middle and tapers at 

each end (Figure 5.20A).   

A B 

Figure 5.20. A) Cut mark image using straight edged knife blade at 87x magnification.  

B) 285x close-up image of cut mark from straight edged knife blade.  Cut presents with 

straight, smooth edges with no striations or impressions visible.   

 

5.4.2- Serrated bread knife. 

 

i) Test 1  The cut mark in the first test is uneven, with a section of the edge appearing 

jagged and non-linear.  The opposite side of the cut mark also appears rough and uneven, 

suggesting that the bone was struck on an angle (possibly due to knife slippage).  A 
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section of the edge appears to have lifted close to the termination of the cut mark (top of 

Figure 5.21A).  

 

 

Figure 5.21. Image of serrated knife blade cut mark at 67x magnification.  The left side 

edge has a jagged appearance with a section of bone lifting.  The right edge appears rough 

due to the knife slipping over the bone during the cut.   

 

ii) Test 2 The second test shows a narrower and smoother edged cut mark, however the 

edges of the bone have lifted and appear to be curled upwards away from the cut (Figure 

5.22A).  There is a bone fragment that has partially broken away and lifted from the edge 

of the wound (Figure 5.22B).   

 

A B 

Figure 5.22A) Image of serrated knife cut wound at 96x magnification.  The edges of the 

wound have curled away from the cut, and visible is a section of bone partially broken 

away and lifted.  B)  Close-up 177x magnification of the section of bone lifting.   
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iii) Test 3 

The third test shows a wider cut mark.  The sides of the wound appear smooth, and linear 

with no impressions or striations evident.  The 168x magnification (Figures 5.23B, C) of 

the kerf shows no sign of any striations that could facilitate identificaion of different blade 

types.   

 

A B 

C 

Figure 5.23.A) 100x magnification of serrated bread knife cut mark.  B & C) Close up 

magnification of cut mark kerf.  No evidence of striations or impressions allowing 

comparison of knife blade sub-types.   

 

5.4.3 Serrated Steak Knife 

 

i) Test 1 Test 1 shows cut marks using serrated steak knife.  The right edge of the cut 

marks appear smooth and linear, while the left side is non-linear and decidedly rougher 

in appearance (Figure 5.24A).  The terminal aspect of the cut mark (Figure 5.24B) shows 
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the bone being pushed aside as the blade has cut through the bone.  The edges at the 

termination of the cut are not even or smooth at the enhanced magnification.   

 

A B 

Figure 5.24 A) 67x magnification of cut marks using serrated steak knife.  Right edge of 

cut marks appear smooth and linear, while the left side of the cut mark are non-linear and 

decidedly rougher.  B) 110x magnification of terminal aspect of cut mark showing bone 

being pushed aside.  Edges are not even or smooth at enhanced magnification.   

 

ii) Test 2 Serrated steak knife showing uneven edges and bone lifting at the edges of the 

cut mark.  The overview of the cut site (Figure 5.25A) showing the terminal aspect of the 

cut mark, demonstrated tapering of the wound and bone wastage at the termination point.  

The close-up, 136x magnified image (Figure 5.25B) shows the section of bone lifting 

away from the cut edges.  As the method of cutting was a sawing type motion (simulating 

the knife entering and exiting) it is difficult to determine from the below images based on 

the bone wastage, the direction the blade travelled through the bone.   
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A B 

 

C 

Figure 5.25A) 93x magnification showing the terminal aspect of the cut mark.  B) 136x 

magnification showing kerf and bone wastage with uneven edges of cut mark.  C) 509x 

magnification showing base of the kerf.  No serrations or impressions can be seen in the 

kerf walls.   

 

5.5 Other Results 

While there was no evidence of striations in the depth or walls of the kerfs in the test 

samples for the blade sub-types, there was evidence of such tool marks in the edges of 

the bone and scrapes caused by the Dremel and saw used to cut the bone sections for 

analysis.  Linear, even spaced striations can be seen in the scrape on the left side of Figure 

5.26. 
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A B 

Figure 5.26. Microscopic view (150x magnification) showing scrape on bone from a saw 

used in cutting the bone into sample size.  Striations can be seen in the groove on the 

bone.  A) Close-up of groove on bone showing white linear striations running parallel to 

the groove.  B) Back-scatter electron mode showing striations as raised ridges in the 

groove. 

 

The images shows the striations as white, linear lines in Figure 5.26A.  The use of a 

backscatter electron detector (BSE) in Figure 5.26B shows the texture of the striations 

and helps differentiate them from any electron charging, which is visible as white lines 

across the image.  BSE helps reduce the occurrence of charging and shows some texture 

and surface contour.   

 

The edge of the bone can be seen in Figure 5.27, showing the striations again caused by 

the saw used in cutting the bone for sampling.  Once again the striations are visible in 

Figure 5.27A as white lines, and Figure 5.27B shows the texture and contour using the 

BSE detector.   
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A B 

Figure 5.27. Close-up of the edge of a section of bone showing the striations (112x 

magnification).  A) Normal electron detector showing white striations.  B) BSE detector 

showing contours and raised ridges of bone indicating presence of striations. 

 

The last example of striations being left on bone shows an above view of striations caused 

by a scrape from the saw blade used to cut the bone into samples.  Figure 5.28 again 

shows the presence of striations using both the normal and BSE detectors.   

 

A B 

Figure 5.28. Above view of striations on bone from a scrape from the saw used to cut the 

bone (168x magnification).  A) Normal detector showing striations.  B) BSE detector of 

same image. 

 
 

 

 

 

gjgnb 

 

th 

A 

 

 



92 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

Chapter Six 

Discussion and Conclusions 

 

6.1 Introduction 

Forensic anthropology has an increased importance in modern criminal investigation, 

with an expanded role from the traditional identification of skeletal remains, to now 

aiding pathologists in quantifying skeletal trauma.  With the increasing importance in the 

examination of skeletal trauma, there is an associated need for adequate standards to aid 

in the provisioning of correct interpretations.  The present project thus accordingly 

investigated the relative paucity of standards for the analysis of sharp force trauma as 

relevant to the discipline of forensic anthropology. 

 

Using porcine skulls and lower leg bones as an analogue for a human model, a variety of 

blades were tested to determine if macroscopic and microscopic characteristics can be 

used to differentiate blade sub-classes.  The present project attempts to quantify both 

microscopic and macroscopic characteristics of sharp force trauma, with the specific 

objective of aiding in developing a method for accurately differentiating blade type and 

sub-types.  Crowder et.al (2013) and Tucker et.al (2001) have determined that it is 

possible to classify and differentiate instruments used in hacking trauma; this project 

seeks to further existing knowledge by examining previously under-researched blade 

types to further aid in the development of sharp forced trauma classifications and blade 

identification.  The following chapter revisits the results of the present project in the 

context of previous research in order to better understand how that data may be used in a 
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forensic context.  The chapter will conclude with an evaluation of the limitations of the 

present project and thereafter presents possible future research opportunities. 

 

6.2 Fleshed Trauma 

The results of the present study appear to show that the length and depth of a wound does 

not provide any quantitative information as to the identity of the weapon.  The general 

appearance of the wound may, however, provide some indication towards facilitating the 

identification of the type of weapon; this is further considered below. 

 

6.2.1 Straight Blade 

The straight-edged blade produced trauma in the soft tissue that presented with a clean, 

straight-edged incision with no associated abrasions or tissue bridging evident in any test 

(see Figures 5.1 and 5.2).  This is consistent with previous published literature. For 

example, DiMaio & DiMaio (2001), outline written descriptions of wounds in fleshed 

trauma caused by a straight-edged knife.  The authors state that this type of blade 

produced a cut with straight edges, no abrasions and no underlying fractures.  Due to the 

elasticity of skin, wound depth and length cannot be used to determine blade size or length 

accurately, except to provide an approximation of the blades maximum width (DiMaio & 

DiMaio, 2001; Dix, 2000).  Langer’s lines, which are the pattern of elastic fibres in the 

dermis of the skin can, however, influence the size and shape of the wounds.  If the wound 

cuts across these lines (perpendicular to the fibres) the fibres will pull the edges of the 

cut, creating a gaping and wider wound (Figure 6.1).  In contrast, cuts parallel to the fibres 

create narrow wounds (DiMaio & DiMaio, 2001; Dix, 2000).   
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Figure 6.1.  Effect of Langer’s lines on stab wound perpendicular (B) and parallel to (C) 

lines. 

 

6.2.2 Serrated Blade 

The serrated bread knife produced a patterned appearance in the soft tissue (Figure 5.3).  

The repeats showed the presence of impressions that may be used to identify (or exclude) 

the use of a particular weapon.  There is evidence in the literature that serrated knives and 

weapons can leave markings in soft tissue that can be compared to the causative weapon 

(e.g. DiMaio & DiMaio, 2001; Pounder & Cormack, 2011; Pounder and Reeder, 2010).  

Pounder and Cormack (2011) and Pounder and Reeder (2010) state that fleshed trauma 

from stab wounds caused by straight and serrated blades are indistinguishable, with the 

edges appearing slightly ragged from a serrated blade, but no overall appearance of 

serration.  There may be presence of superficial cuts or parallel scratches in instances 

where the blade is dragged obliquely across the skin (Pounder & Cormack, 2011; 

Ciallella, et.al, 2002).  This is regarded as a possible associated finding, rather than an 

inherent feature, of knife trauma.  In the case study by Ciallella et.al, a woman was killed 

using a survival knife, and during the attack the knife left a superficial wound with a 

patterned appearance on the skin.  A direct comparison was performed between the knife 

and the superficial marks in the skin at autopsy and by placing the knife alongside the 

superficial wounds left in the tissue (Figure 6.2) and it was demonstrated that the knife 

matched the wound.  It was determined that the mechanism of superficial wound was the 
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stabbing and withdrawing of the weapon (Ciallella et.al, 2002).  Due to the nature of the 

hacking motion used in the present study, there were no superficial wounds in the skin, 

however there was a patterned appearance to the edges of the wound, thus showing the 

potential for the comparison of the wound edges to a specific weapon of interest and at 

least eliminate certain weapons or blade types (Figure 6.2).   

 

 

Figure 6.2. During the autopsy of a woman killed with a survival knife, a direct 

comparison was performed using the knife by placing it alongside the superficial, 

patterned wounds left in the skin.  From this it was demonstrated to match the mechanism 

of stabbing and withdrawing the weapon (Ciallella et.al, 2002). 

 

Pounder and Cormack (2011) explored the possibility that striations left in soft tissues 

and organs may be useful in weapon identification.  They acquired various soft tissues 

from a butcher (including beef loin, kidney, heart and liver) which they stabbed with a 

coarsely serrated blade.  They examined the wound visually and made a cast of the 

resulting striations.  A mould was also made of the knife blade that was then compared 

to the tissue striations.  The authors found that muscle tissue showed striations only when 

the track was at right angles to the muscle fibres, and that striations were visible (to 

varying degrees) in all of the other tissues examined (Pounder & Cormack, 2011). 
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Pounder and Reeder (2010) also investigated the presence of striations in the costal 

cartilage.  The authors claim that striations in cartilage appear to be both universal and 

reliable for the purposes of identifying weapon class characteristics, including coarse/fine 

serrations, distance between the spine and first serration and the distance between 

serrations.  These characteristics were all considered as well as blade shape and serration 

pattern when comparing the blade moulds with the tests in the cartilage.  A stabbing 

motion was used to inflict the trauma in the tests and striations were produced on the 

cartilage.  The lines marked in Figure 6.3 show the striations left in the cut wall relative 

to the serrations of the various knives, while the arrows demarcate the ends of the stab.  

The authors conclude that these are some of the class characteristics (as mentioned above) 

that can be used to identify a causative weapon.  

 

A B 

Figure 6.3.  A & B) Casts of the wall of a stab in cartilage made with two different knives.  

Arrows indicate ends of stab, lines relate to blade serrations to respective striations in 

wound wall. 
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In the present study there were no visible serrated patterns left in the soft tissue due to the 

method of inflicting the trauma (hacking vs stabbing motion).  However there was a 

difference in entrance wound patterns between the straight and serrated knives, which 

may still be useful in the differentiation of blade subtypes.  Figure 6.4 shows the two 

results from straight and serrated knives in fleshed trauma.  While Pounder and Cormack 

(2011) and Pounder and Reeder (2010) state that fleshed trauma from straight and serrated 

blades are indistinguishable, the present study suggests that perhaps with a chopping 

motion there may be more opportunity to identify class characteristics such as distance 

between serrations similar to that shown in Figure 6.2.  There is noticeable patterning at 

the edges of the wound in Figure 6.4A, which matches with the serrations from the bread 

knife used to inflict the trauma (Figure 6.4C).   

 

A B 

C 

Figure 6.4A) Fleshed trauma caused by a serrated blade.  Patterned appearance of wound 

edges can be seen corresponding to knife serrations.  B) Fleshed trauma caused by 

straight-edged knife.  Note lack of patterning along wound edges and smooth, straight 

appearance.  C) Bread knife used in serrated test. 
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In this study the trauma caused by the straight-edged knife appears smooth edged with no 

evidence of any patterning.  The present study thus appears to demonstrate that there 

might be the possibility to differentiate between the two blade sub-types and comparisons 

between the impressions left in the soft tissue and the blade may warrant further 

investigation.  In the present study the use of a chopping motion to inflict the trauma is 

different from the studies from Pounder and Cormack (2011) and Pounder and Reeder 

(2010) in which they use a stabbing motion.  Thus the striations would not be expected 

to be evident in a horizontal orientation, but any apparent would be in a vertical 

orientation due to the direction of the strike.  Therefore, direct comparison of the two 

methods of trauma infliction may prove difficult, albeit beyond the scope of the present 

study.  There was also further evidence serration may be distinguished when the saw edge 

of the machete was used (Figure 6.5); a jagged, irregular patterned appearance to the skin 

at the entrance wound, caused by the sharp teeth of the saw, which corresponds to the 

offsetting of the teeth.   

 

Figure 6.5. Fleshed trauma caused by the saw blade of the machete.  The jagged 

appearance of the wound corresponds to the saw teeth and the irregularity of the wounds 

can be attributed to the offsetting teeth of the saw blade.   

 

6.2.3 Hacking Trauma 

The experimental data from the present project demonstrated that hacking trauma from 

the heavier weapons (machete and hatchet) produced larger entrance wounds compared 
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to the kitchen knife (see above).  The machete tests presented straight-edged and clean 

entrance wounds, with no visible tissue bridging (see Figures 5.5 and 5.6).  The machete 

wound width was slightly larger than that of the knife (1.4mm compared to 2.2mm).  The 

hatchet tests also demonstrated considerably larger wound widths (approximately 4mm) 

than either the knife or machete and a larger amount of damage to the entrance wound 

(see Figures 5.7 and 5.8).  The edges of the wounds were still straight, particularly in the 

machete tests, but there was some noticeable tissue bridging in the wound, and in the 

hatchet tests the bone at the edges of the wounds showed evidence of damage and some 

wastage (see Figures 5.5-5.8).   

 

Hacking wounds are produced by heavy instruments with a cutting edge and they are 

characterised by the presence of an incised wound with underlying comminuted fracture 

or a groove cut into the bone (DiMaio & DiMaio, 2001).  There is also the potential for 

the wound to exhibit both incised and lacerated characteristics where there is underlying 

crushing of the bone due to the heavy nature of the instrument causing the skin to tear as 

well as the cutting edge incising the soft tissue (DiMaio & DiMaio, 2001).  In the present 

study, the underlying bone showed signs of fracturing at the base of the kerf, which was 

not observed until the defleshing of the skull.  The slightly ragged edges of the wounds 

from the hatchet are also consistent with skin tearing due to laceration.  Lacerations are 

considered tearing of the skin due to a crushing or shearing of the skin by a blunt 

instrument (DiMaio & DiMaio, 2001).  If the instrument has a sharpened edge (such as a 

hatchet) the result may resemble an incised wound, as is the case in the present project 

(Figure 5.7 & 5.8).  However examination of the wound did reveal abrasions at the 

margins and some tissue bridging was visible in the depth of the wound.  This is in 

contrast to the clean entrance wounds of the knife that uses an exclusive incising 

mechanism.   
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6.3 Macroscopic Bone Trauma 

6.3.1. Straight Blade 

Humphrey and Hutchinson (2001) quantified macroscopic hacking trauma using an 

assortment of machetes, cleavers and axes in porcine long bones.  They examined 

entrance and exit wounds, classifying them according to the size of bone fragments.  They 

found the cleaver had clean entry sites, with a narrow (1.5mm) entry site width and no 

fracturing (Humphrey & Hutchinson, 2001).  While not a direct comparison, the use of a 

kitchen knife in the present study to inflict the trauma yielded similar results to that of the 

cleaver used in their study.  The knife produced a clean wound with no fracturing, 

crushing or chattering of the bone.  The use of a straight-edged blade to inflict trauma in 

the porcine skull left underlying bone trauma, which was observed to have straight edges, 

with no fracturing at either the entry site or depths of the kerf.  Some chattering was 

observed in the first repeat, while in the second there was none.  There was a slight lifting 

of a section of the trauma site in Test 2 (see Figure 5.12A, arrow), which was the result 

of the blade being lifted back out of the wound after the blade terminated in the bone.   

 

Lewis (2008) describes the differences in bone trauma between knives and a variety of 

swords (including a machete) based on experiments in fleshed bovine hind limbs which 

were used as a proxy for human limbs.  The author details a variety of measurements of 

each weapon, which he uses in an attempt to determine class characteristics of the 

inflicted bone trauma.  This study attempts to discern the extent to which sword wounds 

can be differentiated from knife wounds, and whether different classes of weapon leave 

different kinds of marks in the bone.  Metric and non-metric observations were used to 

detail each cut mark.  Of particular interest was the knife and machete blades used.  The 

study states the knife kerfs are usually shorter (mean of 12.7mm compared to mean of 
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22.9mm of the machete) and exhibit a characteristic ‘V’ shaped kerf.  The knife was also 

stated as having shallow, narrow and meandering kerfs with little damage to the cut mark 

sides.  He concludes that knives can be differentiated from machetes (and swords) based 

on macroscopic observations of kerf shape, cut mark size and depth and cut mark wall 

damage.  Considering the latter in relation to the present study, a notable difference in 

wound length between machete and knife cut marks (difference being 3.6mm), was 

observed, which accords with Lewis’s (2010) findings of differential sizes of cut mark.  

The knife trauma in Figure 6.6A shows slight damage to the cut mark wall compared to 

trauma shown in Lewis (2010) using a larger knife.  Other knife cut marks in the present 

study did not produce any damage on the cut mark walls, thus it may suggest minimal or 

lack of damage may be a potential characteristic for macroscopic distinction between 

knives and machetes or other heavier weapons.   

 

A B 

Figure 6.6. A) Cut mark in bone caused by a kitchen knife (present study).  The knife 

penetrated the bone at a slight angle, with the obtuse angled wall being smooth, whereas 

the acute angled side exhibits a rough appearance with some minor bone feathering.  B) 

Cut mark from Lewis (2008) showing similar findings with a smooth obtuse angle wall 

and a rough acute angle wall.  The wound in this instance was from a larger, machete-like 

blade, which caused bone shards and more extensive damage (arrows).   

 

Due to the sharpness of the knife edge, coupled with its relative light weight, there was 

evidently not enough force behind the blows to inflict the type of characteristic trauma 

generally associated with hacking trauma (Lynn & Fairgrieve, 2009).  The lack of “blunt” 



103 
 

characteristics of the weapon means that the blade does not have the ability to wedge into 

bone and thus lacks the ability to cause increased tension leading to the fractures 

associated with heavier weapons (Lynn & Fairgrieve, 2009).  This appears to be 

consistent with the results from the present study, as none of the tests showed any 

fracturing, and only slight feathering in one of the tests.  It would appear that even with a 

chopping action using a knife, there is still insufficient weight behind the weapon to cause 

fracturing or extensive bone damage.   

 

6.3.2. Serrated Blade 

The serrated knife failed to produce any bone trauma in one test, while in the subsequent 

repeat test the blade skipped over the bone surface without penetrating deeply (Figure 

5.13).  The blade, however, did leave a tool mark impression, with the bone lifting due to 

the angle at which it struck the bone.  The study of Pounder and Reeder (2010) involved 

cut marks in coastal cartilage using different serrated blades, (as discussed earlier).  They 

determined that stab wounds in cartilage can leave striations that can be used to match 

the wound to serrations in a knife blade.  They also demonstrated that the different 

patterns of striations and serrations, could be used to identify characteristics potentially 

useful in aiding in the identity of a blade.  The present study failed to yield any noticeable 

striations in the bone, however the impressions that were evident did show a tool mark 

that could be compared to the serrated blade; the distance between the serrations of the 

knife was compared to the ridges (and troughs) of the tool mark and was consistent.   

The chopping motion used in the present study may not leave striations as observed with 

stabbing motions, however there appears to be some possibility to compare the tool marks 

with a potential weapon based on serration distance and shape.  Bonte (1975) also 

suggests that knife wounds to rib cartilage offers opportunities for tool identification.  He 
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suggests that class characteristics of the knife, such as the curve of the edge of a blade, 

can be determined based on the distance of the impressions in the cartilage growing 

greater or smaller (Figure 6.7).  Bonte also states that there is potential for distinct marks 

caused by accidental nicks in the blade, which may allow individualisation of the weapon.   

 

The use of a saw blade (Figure 6.8) also showed the potential for weapon identification 

based on the teeth shape and distance in serrations.  The machete used in the present study 

(Figure 6.8B) has sharp teeth with a square base that are 0.5 cm spaced with a slight 

alternating pattern between the teeth.  The trauma to the skull (Figure 6.8A) shows 

penetrating injuries with similar shaped holes to that of the teeth of the machete.  The 

holes are also 0.5cm apart which matches the distance between the teeth.   

 

 

Figure 6.7.  Projecting vertically the points on a curve produced by rills made from the 

individual knife teeth, the between the rills seems to grow progressivley greater (Bonte, 

1975). 
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A B 

Figure 6.8-A) Bone trauma from the serrated edge of the machete.  The penetrations in 

the bone are 0.5cm apart with a square-like appearance.  B) The serrated edge of the 

machete.  The teeth are 0.5cm apart with a sharp point and a square-like base. 

 

While there are numerous case studies (mainly in forensic pathology autopsy reports), 

that demonstrate an ability to compare the trauma in soft tissue to that of a causative 

weapon, there is a paucity of research relative to the same situation in bone.   

 

6.3.3 Hacking Trauma 

Humphrey and Hutchinson (2001) and Wenham (1989) describe the characteristics of 

hacking trauma.  A summary of their findings includes three criteria in the identification 

of hacking trauma: 

1. At least one side of the injury shows a smooth, flat surface.  If blade enters at an angle 

other than 90°, the obtuse angled side shows the smooth surface while the acute angled 

side is rough and may terminate with a fracture. 

2. The acute angled side shows bone detached from the underlying bone as thin flakes. 

3. Cut marks show large areas of bone broken away from beneath the blades as they 

passed through skeletal elements (Humphrey & Hutchinson, 2001; Wenham, 1989). 
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In the present study, the machete produced hacking trauma consistent with what has been 

described in previous research (e.g. Humphrey & Hutchinson, 2001; Lewis, 2008).  For 

example, the trauma was relatively wide in comparison to the knife trauma, with a clean 

and straight entrance wound, and fractures at the base of the kerf were clearly visible (see 

Figure 5.14).  Slight bone chattering was also visible at the entrance site of the cut.  Lewis 

(2008) found that machetes have wider and deeper cut marks with potentially straight 

floored kerfs, whereas knives had smaller cuts with ‘V’ shaped kerfs always occurring.  

Humphrey & Hutchinson (2001) found clean entry wounds in most of their samples with 

“very few exceptions…”.  This was observed in the present study, however one test using 

the straight edged knife producing some chattering (Figure 6.6A).  The trauma patterns 

in bone from the machete can be described as an intermediate between what was observed 

for the kitchen knives and hatchet, which is confirmed in the present study.  The wounds 

showed both sharp trauma characteristics and some chattering.  The morphology of the 

entrance wound is closer to that of the knife, however the chattering and fracturing are 

more indicative of a heavier weapon, such as the hatchet.  In the present study, there was 

fracturing evident at the base of the kerf, however there were no large fragments visible, 

albeit these may have been lost during the defleshing process. 

 

Lynn and Fairgrieve (2009) investigated macroscopic hacking trauma in long bones 

focusing on axes and hatchets.  The main aim for their study was to determine the effect 

of overlying flesh on bone compared with defleshed bone.  They used four axes and 

hatchets with varying weights and head sizes to inflict trauma to fleshed and defleshed 

juvenile pig hind limbs.  They concluded that defleshed bones were more likely to be 

completely bisected than fleshed bones.  The hatchet trauma in the present project was 

extensive and produced a large, full width fracture in the fleshed specimen, with bone 

splitting, and a displaced fracture resulting in wastage (see Figure 5.15) but the wound 
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did not fully bisect.  The presence of transverse and longitudinal fractures were evident 

in the test, most likely caused by the heavy, crushing action of the weapon, with the wedge 

like action of the blade.  Lynn and Fairgrieve (2009) comment on the presence of spiral 

fractures in the bone in one of their tests when struck by an axe or hatchet, but these were 

not observed in the present project.  DiMaio and DiMaio (2001) suggests such fractures 

may be the result of the twisting mechanism from either the swing of the axe, or during 

its removal from the wound site.   

The presence of chattering in wounds caused by axes or hatchets is also contentious.  

While it does occur with a relatively high frequency in heavy weapon trauma, different 

studies have shown different occurrences.  The above mentioned study by Lynn and 

Fairgrieve states that chattering occurs 48.1% in fleshed bones, while Humphrey and 

Hutchinson (2001) suggest the presence of chattering occurs 68% of the time.  The present 

study did demonstrate chattering and larger fragments of bone in the hatchet tests, 

however without further testing it is unclear as to the likely statistical occurrence overall.  

It can be shown from the present study that chattering does not occur in bone trauma 

caused by the sharper and lighter weapons examined (such as knives).  This is consistent 

with Humphrey and Hutchinson’s study, as well as that of Lewis (2008).  Knife wounds 

have a distinctive appearance with a narrow and clean entrance wound associated with a 

lack of chattering or fracturing.  Hatchets show crushing and extensive fracturing in 

comparison, with a shallow wedge-like entrance wound.  Machetes are somewhat 

intermediary (Humphrey & Hutchinson, 2001).  Lynn and Fairgrieve concluded there is 

potential in the presence of chattering and different fracture types to identify hatchet and 

axe trauma.  However, based on the flaking on the acute side of the bone, they were able 

to aid in determining the position of the offender and their handedness.  Thus the 

macroscopic trauma may be able to be used to differentiate between knife and hatchet, as 

well as the position in which the person wielding the weapon was in relation to the victim 
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(Dirkmaat, 2012).  However, weapons such as a machete with a sharp edge, but more 

weight than that of a knife, can produce a wound with characteristics which may be more 

difficult to differentiate compared to a knife wound.   

 

6.3.4 Wound Size Comparison 

Wound size is suggested as a means by which to aid in identifying weapon type.  Whilst 

in the present study there was a difference between the width and length of wounds 

between the knife and the hatchet, with the machete in-between, there have been 

disagreements in the literature as to the reliability, and thus ability, of wound size to 

identify weapon type (e.g. Humphrey & Hutchinson, 2001; Lynn & Fairgrieve, 2009).  

Humphrey and Hutchinson demonstrated that cleavers left a cut mark with a 1.5mm wide 

entrance wound, machetes a 3.5mm wound and axes a 4-5mm wound.  Thus they 

concluded that wound width may be a characteristic that can be used to identify the 

offending weapon.   

Lynn and Fairgrieve (2009), however, concluded that entrance wounds were more 

variable than those found in Humphrey and Hutchinson (2001).  Using different long 

bones they demonstrated that wound widths varied between 6.2mm in the femora, to as 

little as 1.7mm in humeri.  They also determined entrance wounds in defleshed bones 

were considerably smaller than the wound widths in fleshed samples (6.2mm compared 

to 2.8mm).  There was deemed to be no consistency between either fleshed or defleshed 

measurements, or between their study and Humphrey and Hutchinson’s findings.  They 

concluded that because the entrance wound width was not only dependant on blade width, 

but also on the force applied, that characteristic was not likely useful in a forensic context 

(Lynn & Fairgrieve, 2009).  In light of this, the results from the present study do not 

support either somewhat contradictory viewpoints from the two articles mentioned above.  
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There was not enough evidence to suggest that force and different bones would have an 

impact on the wounds size, as this was beyond the scope of the present project.  However, 

there was a noticeable difference between the knife and the hatchet wounds that may 

suggest at least a tentative link is present between wound size and the causative weapon.  

Further investigation should be conducted to attempt and achieve statistical significance 

between wound size and weapon type. 

 

6.4 Microscopic Bone Trauma 

The second aim of this project was to attempt to use microscopic striations left in bone to 

identify the sub-type of blade used.  The microscopic analysis in the present project, 

however, did not provide any striations useful for the purposes of identification.  

However, there were visible striations in the edges of the bone, and in bone scrapes caused 

by the Dremel (saw) used to cut the bone (Figure 5.18-5.20).  These were observed using 

two different electron detectors.  While it was beyond the scope of the project to use the 

striations visualised to compare to the saw blade, it does lead to the possibility of the use 

of microscopic striations to potentially identify a weapon.   

 

Despite the lack of striations in the experimental data of the present study, there are other 

characteristics of the microscopic analysis that can be identified.  Alunni-Perret et.al 

(2010) and their related study (Alunni-Perret et.al, 2005) used SEM to microscopically 

analyse human mandibles to compare hacking trauma from knives and hatchets by 

evaluating shape, edges and bone features visible near the edges of the lesion.  Under 

SEM they concluded that the knife wound exhibited straight, smooth walls and floor, 

which they contributed to the sharp mechanism of the trauma.  There was also an absence 

of lateral pushing back, which is caused by bone being laterally compressed due to the 
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impact of the blade.  They also state a regularity of at least one edge and the extremities 

of the wound usually being narrow as being notable characteristics of knife trauma 

(Alunni-Perret et.al, 2010).  There was also a possibility of unilateral raising of the 

adjacent cortical bone, as well as some flakes which are described by the authors as pieces 

of bone removed during the bone percussion.  Some of these characteristics are observed 

in the present study, however there is not enough consistency between the tests to 

definitively state these that these can be used to identify a weapon class or sub-type.  

There is a consistent finding between the current study and Alunni-Perret et.al (2010) in 

relation to an apparent lack of unilateral pushing back, as well as one edge being clean 

with the second being more irregular (Figure 6.9A).  This was observed in both the 

serrated and straight edged knife tests.   

Alunni-Perret et.al (2010) also determined that a blunt mechanism may be associated with 

knife wounds, which was also demonstrated in the present study.  There was some lifting, 

(or raising) of bone on one side caused by a levering of the adjacent cortical bone, which 

can be explained by a tilting of the blade at the time of impact (see Figure 5.22, arrow).  

There was also evidence to support observations by Alunni-Perret et.al, (2005) which 

showed the presence of unilateral raising and bone flakes in the SEM analyses of the knife 

cuts.  However, there was not a discernible pattern to indicate that these characteristics 

occurred more frequently in either the straight edged or serrated knife blades.  The lateral 

raising and flakes were present in all the different blade tests, however they were also 

absent in at least one test of each blade.   
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A B 

Figure 6.9. A) Alunni-Perret et.al (2010) knife wound visualised under SEM.  Note the 

lack of pushing back with one edge smoother than the other.  B) Test from present study 

showing similar differences between edges.  In both cases the cut mark is even walled 

and relatively smooth with minimal bone wastage. 

 

Tucker et.al (2001) attempted to identify characteristic signatures of specific weapons in 

the cut surface of the bone and correlate striations in the cut surface to specific weapon 

types.  They used SEM to enable the visualisation of striations in the surface of 

domesticated pig hind limb bones in order to identify characteristic signatures of specific 

weapons.  They concluded that the topographical features in the cut surface are formed 

by minute defects in the blades edge.  These present as parallel striations in the cut surface, 

which may be able to be matched to a weapon.  Tucker et.al (2001) also report that 

cleavers consistently leave thin, parallel striations perpendicular to the kerf floor that are 

easily visualised, while machetes leave striations which are more coarse and pronounced, 

described as “rolling hills” in appearance (Figure 6.10).  Those authors also state these 

striations are typically seen in the smooth, obtuse angled kerf wall.  The plastic nature of 

the organic components in bone enables striations to be left in evidence by the weapon 

edge.  Thus any imperfections (or serrations) will be visible in the bone.  The conclusion 

is that while the appearance of the striations (distance apart and number of lines) may 

vary, it is the overall quality of the striations that is consistent.  However, they do state 

that a brand new machete may exhibit results that appear closer to that of a cleaver, as the 
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use of the blade is what give it the definition to its blades character.  They also 

demonstrate a distinct lack of any striations in axe trauma and found that that a crushing 

of bone and lateral pushing back of adjacent cortical bone is a characteristic of axe/hatchet 

trauma (supporting Alunni-Perret’s (2010) study). 

A B 

Figure 6.10.  A) Digital micrographs of cleaver cut mark on bone, showing sharp, fine 

line parallel striations perpendicular to kerf floor.  B) Digital micrograph of machete cut 

mark on bone showing smoother “rolling hills” appearance (Tucker et.al, 2001)   

 

Crowder et.al (2013) also demonstrated that serrated and non-serrated blades leave 

different characteristics in bone that can be reliably identified.  The authors aimed to aid 

in sharp forced trauma interpretation by providing measures of reliability for trauma in 

bone and cartilage.  Using a selection of serrated, non-serrated and partially serrated 

blades with different side bevels, they inflicted trauma in porcine cartilage and deer 

(Odocoileus virginianus) long bones.  They used light and digital microscopes to visualise 

the trauma.  They suggest that serrated blades can be differentiated from non-serrated 

blades due to their distinct, patterned striations left in bone (Figure 6.11).  This became 

problematic, however, when partially serrated blades were used, as factors including 

which part of the blade made the cut, and the length and angle of impact, began to 

influence results (Crowder et.al, 2013).  The angle of impact of the blade was the most 

influential aspect of the distance between serrations left by blade teeth.  As the blade 

moves, the angle of the blade changes, and thus the distance between striations will also 
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change (Crowder et.al, 2013).  Serrated blades will still produce patterned striations 

despite the change in angle of the knife, while non-serrated blades produce fine striations 

that are unpatterned if visible at all.  Thus Crowder et.al conclude that the pattern of 

striations is of most importance, not the distance between those striations.   

 

 

Figure 6.11 From top to bottom 30x SEM of patterned striations from serrated blade, 20x 

unpatterned striations of a non-serrated blade and finally 10x patterned serrations on one 

side from a partially serrated blade (Crowder et.al, 2013). 

 

The striation experimental data presented in Tucker et.al (2001) and Crowder et.al (2013) 

were what the present study was aiming to quantify.  The primary aim was to attempt to 

determine if striations left in bone were able to be used to aid in identification of the 

blade-subtype used.  While there were little interpretive data in that respect, there is 

enough evidence in literature to back the proposed hypothesis of striations being able to 

be used for weapon identification.  As previously mentioned, the present project did not 

yield any striations suitable to identify weapon type, except those left in scrapes in the 
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bone and at the edges of the samples left from the Dremel in sample preparation, however 

a detailed discussion of saw blades is beyond the scope of this project. 

 

6.5 Implications in Forensic Science 

The ability to provide information and potentially identify a specific weapon used in the 

commission of a crime is of primary importance.  The more information that can be 

achieved from the wound or bone trauma, the more chance the investigators have of 

identifying weapon type.  As current literature shows, identifying the broad type of 

weapon is possible based on the markers in both bone and soft tissue trauma.  Wound 

width, appearance and characteristics are able to relatively accurately distinguish between 

wounds caused by an axe or a knife.  Wound edges and skin imprints can also be used to 

narrow down weapon sub-type and aid in weapon identification.  However, there still 

lacks a solid method to identify specific weapons based on soft or bone trauma tool 

markings.  There have been some published (both macroscopic and microscopic) research 

that has attempted to provide a quantitated method for determining specific weapons or 

weapon sub-types using skeletal trauma (Dirkmaat 2012).  This project attempted to add 

more data to either support or refute current literature, and attempt to move close towards 

establishing a set of standards to reliably identify specific weapon sub-types and 

ultimately specific weapons.  This would obviously aid investigators in identifying 

weapons used in crimes   

 

6.6 Further Research 

It is important to reiterate that the present study was a preliminary investigation into tool 

marks, with the emphasis of attempting to use this technique to differentiate between 
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weapon types and blade-subtypes based on cranial and long bone trauma interpretations.  

While there have been published studies investigating the possibility of identifying a 

weapon from skeletal trauma (e.g. Thompson & Inglis, 2009) and indeed fleshed injuries 

(e.g. Pounder & Reeder, 2011), there still remains a lack of robust standards to measure 

the effectiveness and reliability of such observations.  This project attempted to aid in 

formulating some standards towards achieving the latter.  Unfortunately, while the 

macroscopic and fleshed trauma results did support some aspects of previous studies, they 

by no means confirmed them.  Further, no solid observations were discovered that may 

aid in the formulation of a standard for identifying weapons causing specific bone injury.  

More research needs to be conducted to analyse a larger number of blade sub-types, with 

more repeats conducted to potentially obtain statistical data to quantify the results, which 

unfortunately due to time and financial constraints, were unable to be performed in this 

project. 

 

6.7 Limitations 

Porcine skulls were used in the project because of ease of access, as a financial 

concession, and importantly due to legislation prohibiting the use of human tissue.  

Multiple whole pigs, or even a rack of ribs, would have been preferable, as most bladed 

injury assaults occur to the abdominal or thoracic regions, however the project budget 

could not accommodate the latter.  Whilst this did not affect the ability to inflict and 

document the tool marks caused from the weapons examined here, skull thickness appears 

an issue when comparing fracture patterns to those seen in human trauma.  The thickness 

of a pig skull is considerably more than that of a human, and as such while fracture 

patterns are evident in similar fashion to that of humans, the reliability of the comparisons 
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must be carefully considered as bone density will provide a variable that must be taken 

into account. 

 

Carbon was used as the coating material for the bone in the SEM analysis.  This was used 

for its relative cheap cost given the large size of the samples to be analysed.  However, 

this may have caused the striations to be obscured.  The samples were large and caused 

charging in the SEM, thus a thicker layer of carbon coating was required for visualisation.  

As previously mentioned, this project was a preliminary investigation into the cut marks 

in bone caused by bladed weapons, thus an extensive project with a large number of 

samples and repeats was beyond the scope of the investigation.  Time and resources 

limited the amount of repeats and test blades able to be used, which as such limited the 

potential to perform any meaningful statistical analysis on the collected data.  While this 

did not diminish the ability to show the qualitative aspects of the results, the ability to add 

statistical weight behind any data increases the significance of data gathered.   

 

As outlined in the proposal, this is a preliminary investigation into SEM analysis of sharp 

trauma in bone.  There are many other factors which may determine the overall 

appearance and extent of trauma.  While some of these have been addressed in the Method 

and Materials section (p63), the measurement of force is a factor which may prove useful 

in future investigations.  Due to time and financial constraints of the present project this 

was unable to be investigated further.  It was considered and addressed, however future 

projects may take this issue up further and open a new avenue of investigation.  

 

6.8 Conclusions 
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Forensic anthropologists are used increasingly in criminal investigations to aid 

pathologists in determining the cause of trauma in bone.  While it is well established that 

macroscopic characteristics can be used to determine the weapon used in the infliction of 

trauma, there is an increased interest in using microscopic characteristics to aid in weapon 

identification.  Striations left in bone have been demonstrated to occur during stabbing 

and hacking wounds, and there have been studies done to attempt and identify blade sub-

type, and even identify a particular weapon based on these striation patterns.  Preliminary 

studies have been successful in showing the presence of striation patterns, however there 

still remains a lack of standards.  The present project attempted to build on work done in 

previous studies and investigate macroscopic and microscopic characteristics to further 

aid in establishing SEM as a potential method of weapon identification.  While the study 

did not yield any useful striations microscopically to be used for weapon identification, 

there were characteristics, both macroscopically and microscopically, which compared to 

the results gained in published studies.  The results would indicate there is potential to 

use wound patterns in bone and soft tissue to aid in a potential weapon identification, or 

at least an exclusion of a weapon.  Microscopically there were other traits visualised (such 

as lack of lateral pushing back, and cut-mark wall morphology) that may aid in 

determining the causative weapon. 
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Appendix 

 

NOTIFICATION OF USE OF ANIMAL TISSUE / CADAVER 
 

The scientific use of animals undertaken at The University of Western Australia by University 

staff or students must comply with the requirements of the Australian Code for the Care and 
Use of Animals for Scientific purposes (8th edition 2013) ‘The Code’ and with the Animal Welfare 

Act WA (2002).   
 

In certain instances where animals are obtained as cadavers or where only animal tissue or 

samples are obtained from third parties (e.g. samples from abattoir, animal tissue derived from 
other AEC approved projects) and where no trapping or handling of any live animal has 

occurred to obtain the tissue samples or cadaver, a full AEC application may not be required.  
 

If the tissue is derived from bio-banked stock collected as part of a past scientific project, which 

has since closed, or from a non-current commercial activity, you may be exempt from the 
requirement to provide a full AEC application.  If further advice is required, please contact the 

Animal Welfare Office awo@uwa.edu.au   or staff in Animal Ethics aeo@uwa.edu.au 
 

OFFICE USE ONLY (January 2015) FILE REF: F 69199 
 

  Approved 

  Further information required 

  Email confirmation sent 

 

SIGNATURE AWO: DATE: 

 

 

1. CHIEF INVESTIGATOR DETAILS 

Title, last name, first name Staff number (UWA only) 

 

Associate Professor, Franklin, Daniel 

00047290 

Work mailing address /school (include UWA MBDP) 

 

mailto:awo@uwa.edu.au
mailto:aeo@uwa.edu.au


126 
 

MBDP420, Centre for Forensic Science, University of Western Australia 

 

Email  daniel.franklin@uwa.edu.au Phone 6488 7286 Mobile  N/A 

 

 

2. CO-INVESTIGATOR / STUDENT DETAILS 

Title, last name, first name  Staff / Student number (UWA only) 

Mr Annand, Paul 20212118 

Work mailing address /school (include UWA MBDP) 

MBDP420, Centre for Forensic Science, University of Western Australia 

 

Email  20212118@student.uwa.edu.au Phone  Mobile  0420808064 

 

 

3. ANIMAL SPECIES AND NUMBERS TO BE USED (species name and common name) 

12 x frozen Domestic Pig (Sus scrofa domestica)  

 

 

4. SUPPLIER OF ANIMAL TISSUE / CADAVER  

Please provide details of where tissue will be sourced. Include the name of abattoir, name of farm owner etc.   

AEC approved project - Chief Investigator name and AEC approval number RA/3/  

Abattoir:The Linley Valley Abattoir 

 

 

Tissue biopsies (conservation programs):  

Other (please specify):  

 

 

5. SAMPLE TYPE AND NUMBER – e.g. whole cadaver, part cadaver, ear notch, blood, biopsy, tissue…., 

Please specify. 

 

12 x whole skulls 

 

 

6. DESCRIPTION OF THE PROPOSED STUDY -Must be written in lay language 

The project aims to analyse sharp force trauma and specifically attempt to establish SEM as a method for 

accurately determined whether different types of sharp weapons can be differentiated.  Using pig skulls 
trauma will be inflicted and macroscopic and microscopic analysis will be conducted to attempt and 

differentiate the sub-types of blade used.  Hacking trauma will also be examined in the same manner and 

macro and microscopic analysis will be used to differentiate these types of trauma.   

 

Proposed start date: (dd/mm/yyyy) Proposed completion date: (dd/mm/yyyy) 

01/08/2015 01/12/2015 

 

 

7. DETAILS OF WHERE THE STUDY IS TO BE CARRIED OUT (location) 

 

Centre of Forensic Science, Anthropology laboratory 

 

 

8. METHOD OF DISPOSAL 
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8. HEALTH AND SAFETY - If this project involves the use of materials that are of concern for the health 
and safety of either staff/students and/or other animals, ensure that the appropriate approvals have 
been obtained.  For information, refer to the University Safety and Health Website 
www.safety.uwa.edu.au/  

I have read, and will abide by, the Standard Operating Practice for Tissue Use as shown on 

www.research.uwa.edu.au/staff/biological/tissue-use   

Attached are copies of required permits, approvals, and assessments. Yes   [  ] No   [  ] 

 

 

9. DECLARATION 

I have read and agree to abide by the conditions and constraints of the Animal Welfare Act 2002 (WA) 

Regulations, which include the Australian Code for the Care and Use of Animals for Scientific Purposes (8th 
edition 2013),  available from www.nhmrc.gov.au/guidelines/publications/ea28  

Chief Investigator Name: Assoc Prof Daniel Franklin DATE: 10/07/2015 

 

SIGNATURE* 

 
 

* UWA policy deems this document as signed if you send it attached to an email from your UWA 
email address. 

 

Please forward to the Animal Welfare Officer awo@uwa.edu.au 

 

 

 

http://www.safety.uwa.edu.au/
http://www.safety.uwa.edu.au/
http://www.research.uwa.edu.au/staff/biological/tissue-use
http://www.nhmrc.gov.au/guidelines/publications/ea28
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