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Given the number of knife fatalities in the UK (=300 a year), and the unfortunate reaI|ty that many cases
are never solved’, any advancements in forensic analysis through scientific research is crucial to ensuring
perpetrators are brought to justice. However, current literature regarding the analysis of toolmarks left by
knife attacks appears to lack standardisation, ecological validity and quantitative analysis®*
technologies such as micro-CT have been proposed as a potential tool for micro- morphologlcal analysis of
knife marks, but very little research on this has actually been conducted?®. Given the forensically useful
information that can be extracted from the micro-CT analysis of knife marks (including weapon type, impact
trajectory and possibly impact velocity), scientific analysis of this area is mandatory
established reverse engineering methods for quantitative analyses of microscopic features the application
of this discipline to knife mark analysis is, surprisingly, unheard of. FinaIIy, despite the advancements in 3D
visualisation and 3D printing as a common output of the reverse engineering process, very few studies
have considered the application of these outputs for use in forensic expert testlmony in court®”
of the issues noted above, this study will aim to explore, consider and test various possible solutions using

current engineering technology.
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In forensic anthropology the analysis of microscopic tool marks found in skeletal sharp force trauma is a
challenging area. Many different imaging methods have been employed to measure cut mark characteristics in
aid of developing diagnostic tools for estimating knife type used for these marks. Furthermore numerous
experimental methods for creating tool marks for analysis have been used. A novel method for creating,
alysing and presenting tool marks using reverse engineering and metrology was investigated. 5 Pig torsos pre-
pared to mimic human anatomy were stabbed using seven different knives. Following chemical defleshing the
ribs were micro-CT scanned for the analysis of tool marks left from the knives. Other methods including SEM,
Digital microscopy and Laser scanning were also considered. Various geometrical measurements of the cut
mark micro-morphology were taken. These measurements were statistically analysed using SPSS. Knife types
gave statistically significant different cut mark width, length, wall angle, floor radius and shape (p<0.001). Knife
sub-types and individual knives also gave statistically significant differencing in width and shape (p<0.001).
Statistical classification of cut marks as either serrated or non-serrated made marks was shown to be 90% if
width, length, wall angle and floor radius were accounted for. This indicated that determining knife type quanti-

an-

tatively is possible and could aid criminal investigators with their enquires. 3D models of these cut marks could
also be developed for potential use in court for forensic expert testimony.
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An ecologically valid process was developed for creating realistic knife marks
Micro-CT was found to be a superior technology for tool mark analysis

Knife Type can be determined from cut mark micro-morphology with a 90% accuracy
Knife impact trajectory is strongly correlated with cut mark trajectory

High Resolution 3D models for visualisation and 3D printing can be developed

Whether analysis of marks left in a controlled stabbing of a ‘standard’ material could be
used to statistically determine knife type used on an unknown stab wound

The procedure and effects of using 3D printed models in court could be investigated
The analysis of over 600 more high-speed videos considering impact velocity prediction.
174 cut marks were collected but only around 80 were analysed in this study.

SEM images of more samples to answer questions raised in the literature
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Cut marks from knives following stabbing
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CONCLUSIONS

FURTHER WORK
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Statistical Analysis of Cut Mark Measurements

Independent Dependent Test Result
Mark Length T-test t(76)=-4.257 p<0.001
Mark Width T-test t(73)=-8.721 p<0.001
Knife Type Mark Wall Angle T-test t(73)=-3.311p<0.001
Mark Floor Radius T-test t(73)=-4.630p<0.001
Mark Shape Chi-Square XA2 =34.347,df=2, p<0.001
Individual Knife Mark Width T-test t(37)=5.431 p<0.001
Knife Teeth Angle Mark Serrated Angle | Correlation r=0.8, n=40, p<0.001
Knife Edge Thickness Mark Width Correlation r=0.732,n=68, p<0.001
4 Stab Trajectory Mark Face Angle Correlation r=0.707, n=30, p<0.001

=~ 90% accuracy in

determining knife
type (serrated or

non-serrated) from

cut marks left on
bone!
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b6 Match between Blade Type and Cut Mark Geometry following Canonical
Discriminent Analysis

Non-Serrated Serrated
I Matches | Mismatches | % Correct | Matches [Mismatches| % Correct
32 4 88% | 34 3 91%
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Virtospy and Forensic

Murder Victim Undergoes
Pathology Examination
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Quantitative Measurements
of cut marks taken

3D models develop with high
resolution trauma areas
obtained from micro-CT

Cut mark compared to large
database of knives
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3D models for visualisation for
criminal investigators
outputted

List of weapon potentials
outputted as probabilities

3D models stored and
requested later for 3D printing
for expert witness

Stab angle and trajectory
estimated
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