Concussion Research
Unique research into finding objective tests
& tools for concussion to guide treatments

THE COST OF BRAIN
INJURY AND WHY IT
MATTERS

Concussion (or mild traumatic brain
injury) is a multi-billion dollar issue
globally. New Zealand has some of
the highest incidences of concussion.
Concussion is believed to strongly
correlate to underlying causes of
mental health disorders, crime, and
unemployment, leaving a heavy impact
on the lower socio-economic segment
of our community. The New Zealand
Treasury has identified TBIs as second
only to stroke for their impacts on
employment and income, with NZ’s
young population at particular risk.
• A brain injury increases the risk of
developing a mental health problem.
• The long-term risk of suicide
increases three-fold among adults
who have had concussions.
• An estimated 60% of adult offenders
and 30% of young offenders have a
history of brain injury.
• TBI is an important risk factor for
most forms of psychiatric disorder
and substance misuse.
• Quality of life in the elderly can
decline without proper treatment of a
concussion.

COLLABORATIVE APPROACH

To establish a reliable objective tool for concussion diagnosis, we have a multidisciplinary
collaborative approach. Our research investigates how the body receives the impact
(biomechanics) and how the visual and cardiovascular system responds responds to
injury, right down to cellular level biomarker detection (such as blood, RNA, and histology).
If such biomarkers are identified which robustly detect a concussion, it may be feasible to
develop hand-held devices to more accurately detect them.
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SEARCH FOR
OBJECTIVE TESTS

Concussion is poorly understood. This
is partially due to the complex structure
and shape of the brain, combined
with different types of impacts to
the brain. 90% of these head injuries
occur without loss of consciousness,
often confounding diagnosis. Our
understanding of concussion is also
obscured by inaccuracies in detection
and a lack of reporting.
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We have pulled together a diverse group of people from The Centre for Brain Research, The
University of Auckland, ESR, Mātai, and local iwi to focus on Traumatic Brain Injury (TBI) research.
The platform spans disciplines which include radiology, imaging & multi-modal analysis, sports
medicine, computer vision, biomechanical modelling, molecular biology, genomics, vision science,
neurology, computer vision, bioengineering, pharmacology, and physiology.

LEADING CAUSES OF TBI

There is a great need for a gold standard
objective test (biomarker) for concussion.
Current methods of assessment lack
precision, leaving doctors to rely on
clinical and symptomatic tests.

Source: Evergreen Personal Injury Counsel & Centre for Disease
Control and Prevention

• ~50 million people/
year suffer from a TBI
worldwide (36,000 people/
year in NZ)
• TBI is the leading cause
of long-term disability
among youth
• TBI can come with a
substantial burden of
physical, emotional &
cognitive disability
• ~95% of TBI are mild
(concussion).
• There are particular
obstacles in concussion,
calling for new strategies
to better understand,
prevent, and treat it.

UNIQUE ADVANCED
IMAGING

IN THE FUTURE, OUR
RESEARCH COULD
HELP:

At the core of this research lies advanced
MRI methods. This supplements the
above methods with visualization of the
damage (showing subtle brain motion
changes, swelling, blood leakage, and
broken fiber tracks), correlating the
mechanical impact to the extent of
brain damage. This testing includes the
use amplified MRI, a new MRI software
technology developed by our team. This
new method may be able to tell us why
the brain is so vulnerable to concussion,
and how damage affects us due to a
blow to the head. Being able to visualise
changes in the brain would significantly
advance our understanding of this injury
and in the way we manage this injury,
leading to more personalised therapies.

• Improve early identification,
evaluation, and management
at medical and non-medical
sources (i.e. family, schools,
sports clubs)
• Reduce likelihood of re-injury
and potential catastrophic
outcomes
• Enable better and more
personalised treatments
• Improve and speed up recovery
• Track recovery
• Improve knowledge and
subsequent services
• Improve education, training, and
family counselling
• Understand other brain diseases
and disorders

In one of our exciting research projects, brain
motion captured by our novel amplified MRI
technique (left column) will be used to help
model the physiological and mechanical
effects of brain injury (right column).

BETTER UNDERSTANDING EQUALS BETTER
MANAGEMENT &TREATMENT
Our team at the Centre for Brain Research (CBR), the Auckland
Bioengineering Institute, and Mātai Medical Research
Institute are investigating many aspects of concussion. Our
tools include advanced imaging, immunohistochemistry,
biomechanical engineering, computational modelling, and
others. In one such project, we have been using a range of
novel brain MRI techniques to understand brain injury at the
microstructural level. We are now preparing for our next phase
of research where we collect non-invasive data on athletes and

their developing brains, in our quest for a quick and easy test of
concussion in humans.
Advanced MRI scans obtained at multiple time points will reveal
subtle differences in the brain before and after an impact. RNA
injury marker detection and clinical observations (i.e. eye
tracking and neurological testing) will play an important role
in detecting and determining injury severity. Our goal is for
our combined approach to derive a personalised test for brain
injury to guide treatment.

Our goals are to explore biomarkers and devices for diagnosis and prediction of recovery, pathophysiological & biomechanical mechanisms, and novel
treatment strategies. Our research will help outline TBI pathways from diagnosis, prevention, education and treatment.
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THE FUTURE: QUICK & EASY DIAGNOSIS

Molecular
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Being able to diagnose a concussion with a reliable, quick and reproducible test will
help recovery, rehabilitation, and reduce the long-term effects of concussion. It may
also be possible to identify the part of the brain that has been injured and link this
to the MRI results to help monitor ongoing rehabilitation. Any one, or a combination
of these diagnostic tools would have many applications, including sports injuries
and vehicle accidents. This will ultimately lead to a simple, portable system for the
detection and monitoring of concussion, which can be utilised on sports-fields,
maraes, and in the community.
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APPLICATIONS ACROSS
A RANGE OF DISORDERS

The new discoveries and advances in
technology that is developed during this
research could also help to advance the
diagnosis of a range of diseases and
disorders, including early brain tumour
diagnosis, obstructive brain disorders,
and neurodegenerative disease.

