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SUMMARY
An unusual research topic for her doctoral thesis led Dr Aisling Ní Annaidh into
the fascinating world of tissue biomechanics – the study of research into the
mechanical and physical properties of tissue – and developing a particular focus
on the skin. This has in turn led her and her team to undertake a wide range of
research over the past decade with significant practical healthcare impacts. The
outcomes include unexpected results leading to changes to EU standards for
helmet testing, supporting innovation in Ireland’s world-leading medical devices
sector and, most recently, a novel approach to the age-old challenge of customising
wheelchairs for people who have a physical disability.

Tissue Biomechanics has Widespread
Applications
The opportunity to undertake research for a PhD 13 years
ago into the mechanics of stabbing provided Aisling Ní
Annaidh with the opportunity to explore new avenues in
what she candidly admits is the specialised niche area of
tissue biomechanics. The Associate Professor of Mechanical
Engineering Design and her students now undertake a wide
range of studies into how tissues in the body behave. Their
work, a combination of experimentation and modelling,
provides practical benefits for a range of individuals.
It all began when Dr Ní Annaidh was looking for a thesis
topic for her doctorate at UCD. Her Supervisor, Prof Michael
Gilchrist, suggested she respond to a request for help from the
Irish State Pathologists Office, which wanted to understand
the force required to stab someone and cause significant
damage, with a view to determining criminal intent.
“We looked at parameters affecting this, such as the amount
of clothing, speed and differences in the types and sharpness
of knives. The topic caught people’s attention and it was
interesting in itself. But more than this, at the end of the
day it has also allowed me to specialise in the area of skin
biomechanics. And that, in turn, has allowed me to develop my
interests in different applications within this niche area,” she
says.
The topic of skin biomechanics is not just niche, it is also
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“There’s absolutely no point in
having a sophisticated model
that has no basis in reality.
The experiments provide us
with the information we need
to create more sophisticated
models – so they both have
a place in our work and
complement each other very
well.”

complex, offering a variety of avenues for research that yield
highly practical impacts. “The thickness of skin differs from
person to person and age has a big effect on its material
properties in terms of strength and composition; in an older
person layers shrink and dehydration can become an issue,”
Dr Ní Annaidh adds. “As well as differing from person to
person there’s also variation in the properties of skin in
different parts of the body.”

From Cadavers to Non-Invasive Experiments
Unlike her initial research, which was conducted experimentally using cadavers, Dr Ní Annaidh’s focus now is on finding
ways to conduct non-destructive and painless experiments on
living people. ‘If you are going to be undertaking surgery on
someone, for example, and you want to predict how their skin
is going to behave, then you really should not be using a one
size fits all approach. So our focus now is on patient-specific
measurements of tissue,” she says. For this she uses suction
based devices, which measure skin behaviour when a vacuum
is applied to it, and acoustic (ultrasound-type) techniques.
Development of newer techniques is an area of potential opportunity, subject to the availability of the necessary funding.
“I try to do a combination of experiments and modelling
in everything I do. There’s absolutely no point in having
a sophisticated model that has no basis in reality. The
experiments provide us with the information we need to
create more sophisticated models – so they both have a
place in our work and complement each other very well. By
measuring the tissues themselves we can predict how they
will behave in different scenarios, in extreme conditions such
as a traffic or sporting accident or in surgery, for example.”

Unexpected Result Leads to New Helmet
Standards
The output of this research is evident in a range of
applications. Research by one of her PhD students, Dr
Antonia Trotta, for example, undertaken as part of a larger EU
project to improve sports helmet design, looked at the level
of friction created between a person’s scalp and the lining of
their helmet in an accident.
Motorcyclists and sports participants are urged to wear a
close fitting helmet that will stay in place if there is an impact.
This advice remains true but, counterintuitively, Dr Trotta
discovered that a reduced level of friction between the scalp
and the helmet lining, allowing slight movement of the head
within the helmet, actually resulted in improved protection.
These findings have directly led to changes in European
standards for helmet testing, with specific requirements now
set for the amount of friction present in the dummy head.
Keen to take advantage of the body of research work
undertaken over the past decade within the School of
Mechanical & Materials Engineering by Dr Ní Annaidh

and her team, Ireland’s flourishing medical devices sector
regularly seeks her advice. “Companies will often come to me
with a product that they’ve had an issue with and they want to
investigate it further and do some modelling of their product
and how it interacts with the skin,” she says.

A Pain Free Future for Jabs?
UCD has been an active player in the development of one
of the up-and-coming technologies transforming medicine
today – microneedles. Dr Ní Annaidh has contributed valuable
technical expertise to the work in this area undertaken by
the UCD Medical Device Design Group led by her colleague
Dr Eoin O’Cearbhaill, Director of the UCD Centre for
Biomedical Engineering. The Group’s work has already led
to the establishment of one spin out company to exploit its
commercial potential in one application.
Microneedles, typically shorter than the thickness of a sheet
of paper and about the width of human hair, penetrate the
top layer of dead skin to reach the living layer, the epidermis,
below. Avoiding contact with nerve endings, they do not
cause pain normally associated with the delivery of drugs or
vaccines by needles. They offer benefits, too, in diagnostics.
Dr O’Cearbhaill acknowledges that a lot has been achieved
but there is a lot more to do in this area. “There is some
understanding of what’s involved but it is actually really
complex and the field of microneedles depends on
interdisciplinary research. We need the inputs from experts in
drug formulation, engineers and vaccinologists and we really
value the contribution of Dr Ní Annaidh, who brings a deep
understanding of the skin’s morphology and function to our
work.”
Together with Dr O’Cearbhaill, Dr Ní Annaidh is now undertaking a project examining the role of skin biomechanics in
microneedle deployment and efficacy. Their doctoral student,
Wenting Shu, is using a combination of experiments and simulations to help facilitate the design and optimisation of new
microneedles.

Addition is Better than Subtraction for
WheelChair Users
In another project, doctoral student Susan Nace, who is also
an employee of non-profit disability services provider Enable
Ireland, is currently developing an improved way of designing
custom-contoured wheelchairs for people with specialised
requirements in order to prevent pressure sores and correct
postural problems.
The conventional approach to this is hand cutting and
shaping of foam materials, a labour intensive and wasteful
subtractive process. The new approach is a more efficient 3d
printed one which facilitates designs with internal structures
to create airflows through the chair and thus reduce the risk
of pressure sores and improve skin comfort.

Simulation examining the effect of microneedle design variables on the strain distribution in skin.
This can help us understand how much force is needed to penetrate the tough outer skin surface.
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