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Feature

It may not be the most 
pleasant of thoughts, but 
when a person is stabbed 
there needs to be some 
force behind the knife to 
break through the skin. The 
amount of force used in a 
stabbing can provide 
important evidence about 
the nature of the event, but 

how do you work out the force that was 
involved? Professor Michael Gilchrist and 
colleagues have devised a formula that they 
hope in the future could be used to support 
evidence in legal cases. 

A grey area

The main driver for the work is to define the 
force involved more objectively, explains 
Professor Gilchrist, Head of School at the 
UCD School of Mechanical and Materials 
Engineering.

“In medico-legal cases when the 
pathologist is asked for an opinion as to 
the severity of the force, there is no 
quantitative way of saying the force 
involved was ‘x’ number of Newtons,” he 
explains. 

Professor Marie Cassidy, Ireland’s 
State Pathologist, has experience of the 
situation in practice. “When a stabbing is 
fatal, the amount of force required to inflict 
the stab wound is often the source of 
much debate in court,” she says. “As an 
expert witness, I am usually asked to 
quantify the force involved in the stabbing 
attack. The answer that I give is critical in 
determining the harmful intent of an 
assailant.” 

Traditionally, the pathologist assesses 
the force used based on the condition of 
the blade, the extent of the tissue damage, 
the presence of clothing and the wound 
itself, and then categorises the force as 
either mild, moderate or severe. 

“The problem with such descriptions is 
that they are subjective - for example 
‘moderate’ could mean something 
completely different to me than to a juror,” 
says Professor Cassidy. “Clearly there is a 
need for a quantitative definition instead of 
these descriptive terms, to remove their potential 
ambiguity.”

Cassidy and Deputy State Pathologist Dr 
Michael Curtis approached Professor Gilchrist 
and his colleagues Professor Michael Destrade 
(now at NUI Galway), and Drs Karine Bruyere 
and Melanie Ottenio from IFSTTAR (The French 
Institute of science and technology for transport, 
spatial planning, development and networks), to 
come up with a more objective solution to 
quantify the severity of the force in a stabbing.  

Getting to the point

Experimenting on living humans was 
obviously out of the question, so Gilchrist and 

his colleagues used comparable materials to 
explore the viscoelastic nature of human skin 
and the forces needed to puncture it. They 
carried out experiments in the lab on 
polyurethane, on samples of pig skin and on 
samples of human skin that had been donated 
to science after death.

Previous work with polyurethane had allowed 
the UCD researchers to characterise the 
sharpness of a blade, explains Professor 
Gilchrist. “We came up with a sharpness index, 
and we wanted to find out how the sharpness of 
a blade relates to the magnitude of the force 
required for stabbing.”

As part of her doctoral research programme, 
Dr Aisling Ní Annaidh experimented on the 
samples with an array of blades, exploring the 
mechanical properties under different rates of 
loading. 

“Typically what she found was that the 
energy that is required to perforate will depend 
on three key factors associated with the blade: 
the tip angle, the tip radius and cutting edge 
angle,” says Gilchrist. “This was consistently true 
for all types of knives we looked at and it was 
true for human, porcine and synthetic skin.”

A new formula

The next step was a series of computer 
simulations to analyse the effects of systematically 
changing the angles of the blades. This helped 
Dr Ní Annaidh to develop a formula to predict 
how much force was associated with a particular 
blade. 

“Our equation was quite robust and it would 
predict the measure of the force [in the 
experiments] to within 10 per cent accuracy. It 
was a breakthrough, this was a world-first, and 
we were very pleased with that,” says Professor 
Gilchrist of the research, which was funded 
through the Irish Research Council and the Irish 
Department of Justice and Equality through the 
State Pathologist’s Office. “We managed to 
conduct some fundamental scientific research 
and translate that into something that could 
have practical value for forensic pathology.”

A case for the future?

The findings on stabbing biomechanics have 
been published in Forensic Science International 
and are soon to appear in the American Journal 
of Forensic Medicine and Pathology. While it’s a 
start, there is still some way to go before the 

formula is courtroom-ready, according 
to Gilchrist.

“There is still more work to be done 
on the speed of stabbing and on the 
effects of overlying clothing on the force 
required to perforate the skin,” he 
explains. “Also most of the human skin 
samples we worked with were from 
elderly subjects, where the skin is more 
likely to be stiffer and less elastic, so we 
would need more data for younger 
subjects.”

Still, the findings are starting to 
attract attention in legal circles, he 
adds. “There are people in the legal 
world who are sitting up. At the moment 
there is no legal precedent for this 
equation to have ever been used in a 
courtroom setting, but we would hope 
that in the fullness of time it will become 
accepted.”

When the human body meets 
another object with force, the results can 
be devastating. Professor Michael 
Gilchrist is taking an engineering 
perspective to better understand the 
biomechanics of head trauma and, more 
recently, stabbing.

“We want to understand these 
impacts at a more fundamental level,” he 
explains. “This means you can get new 
insights and, in some cases, develop 

better protective mechanisms.” 
“I spoke recently at a major European 

conference about head trauma and there were a 
number of people there who had suffered brain 
injury as a result of sports accidents,” he says. “It 
was distressing but it is very rewarding to know 
that the research of biomedical engineering into 
devising better helmets can minimise the severity 
of the injuries that people have in future years.”

Professor Michael Gilchrist was in 
conversation with freelance journalist Dr Claire 
O’Connell (BSc 1992, PhD 1998).

Taking a stab
at measuring knife forces
Knowing how much force was used in a stabbing incident can provide crucial forensic 
evidence. UCD researchers have developed a formula to work it out.  
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Figure 1: Numerical progression of a carving knife through human skin  
(units in Pa).  A: indentation prior to initial penetration; D: full perforation.


