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Traumatic Brain Injury (TBI)

Mild

: Moderate Severe
(Concussion)

Spectrum of injury
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Traumatic Brain Injury (TBI)

Upto1in5
Approximately child.ren will
sustain some
2001000 form of TBI
TBI in Australia by the age of
each year 16
74 - 90%
of all TBI

are
concussion
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Severe TBI

Mortality Rate
30 -40%

< 50% return to full

independence and
productivity




? " Connectivity
Common Causes
e TBIl can occur as a result of:
e Falls
e Road traffic crashes
» Sports and recreational activities " #

* Workplace accidents

 Assault (includes family and domestic violence) ﬁ
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What happens to the brain?

Neurotransmitter
dysregulation

Cerebral blood Nueroinflammation
flow changes

Created with BioRender.com






Cell damage

e Axons are stretched at the time of a c
injury B | -

rupture '

e Sections of the axon may swell due

to impaired axonal transport

* Appearance of beading and
varicosities due to microtubule
dysfunction

* Not uniform throughout damaged
white matter

Bend

ORI [

Breaking Ground. Changing Lives.




Healthy Brain Sense of Touch

Control of Movement
Pain
Temperature

Concentration

Problem Solving Frontal

Decision Making Lobe . .

Speech Production Occii Healthy Vision
ccipita

Lobe
Temporal

Lobe

Balance

Auditory processing (Hearing) Cerebellum Coordination
Language comprehension Reflexes
(understanding)

Memory/ Information retrieval / )

Faces recognition Breathing

Brain Stem Steady Heart Rate
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Sensory loss
- ff Inability to regulate body
Brain affected by TBI v
Difficulty with reading
Spatial misperception

Lack of Focus/Attention
Irritability/Aggression
Impulsivity Vision problems
Judgement Lobe e.g. Blind spots,
Language difficulty Occipital Blurred vision
Motivation Lobe

Temporal
Lobe

Frontal

Difficulty walking
Cerebellum Slurred speech

Hearing difficulty or loss
Difficulty understanding
Problems with STM & LTM /

] Changes in Breathing
Brain Stem

Difficulty swallowing
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Preventing TBI

Actions that can help prevent TBl include:
© Supervising young children while using stairs/ramps and climb-on/
bounce play equipment

 Preventing falls in the home/workplace
« Removing or securing and loose mats
* Installing and using aids such as ramp, railing, shower chairs, non-slip surfaces

* Facilitating safe workplaces
« Adhering to safety protocols
« Wearing appropriate and properly fitted safety equipment (e.g. footwear, harnesses etc.)

* Respecting and following the rules of the sport, especially rules in place to

reduce hits to the head area
« Training, practicing and playing in ways appropriate for one’s skill level

 Practicing safe driving techniques (including use of seatbelts and properly-fitted child car seats)
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Recovery trajectories — not one size fits all

A “ » DB - Non-Recoverable Injury
c

2 ;, C - Late Injury

% E - Subacute

u‘:'-’-, D - Acute Recovery with Late
?n Consequences

% (~20% for mTBI)

:u

O

o
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A - Complete Recovery
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Concussion Recovery and PPCS

T Time
4 weeks
"Typical’ Recovery for

Children, Adolescents
and Adults

« Some people continue to experience concussion symptoms beyond this ‘typical’ recovery time frame
* These individuals are said to be experiencing Persisting Post-Concussion Symptoms (PPCS)

* Currently do not know who will go on to develop PPCS
« Lots of research currently underway to find ways to identify at-risk individuals
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Risk Factors for PPCS

* Female sex (esp. 15-18 years)

* Migraine

* Pre-existing mental health problems (e.g. current anxiety) S ~(

* Learning disability .( r‘w
-

« ADHD

* Psychoactive drug use

 Personality traits (high achievers, rigidity of thought)
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Treatments for concussion & PPCS

Early rest

Light & gradually in

Physical therapy (ve

Cognitive therapy

Medication
 Pain relief
- Antidepressants
« Anti anxiety
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Chronic traumatic T
;13 t‘;_:'tx_'s" S
encephalopathy (CTE) : s
CHRONIC TRAUMATIC ENCEPHALOPATHY D X e ‘ %" \
o sAistic dementig « O G SR

4 ?‘ Buckland (2019) Acta Neuropathologica Communications
= »
o . .
Ly e Described for decades as “dementia

pugilistica” or “punch drunk syndrome”

Diagnosis only made on autopsy

Linked to many clinical, psychological and

Stage I: Stage II: Stage III: Stage IV: 1 f h 1 h I 1 h
o Munhinos o T spoubegints Do et cognitive features which overlap with TBI
up isolated areas of the tangled tau appear in blend with one another. cover the brain
cortex the cortical sulci and Tangles appear more corted and appear
tau begins to migrate diffusely and collect in in most regions, L N O CO n Se n S u S O n p h e n Oty p e
the hippocampus and including spinal
amygdala. cord.

Controversy over role of repetitive injury

Tau deposits deep in the sulci
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Are males more likely to have brain injuries?

* Young adult males have traditionally been the most affected by

Developing Follicle

Ovarian
Cycle 0

Corpus Luteum

T8I @

* Males primarily studied Increase in contact sports and

occupational exposures in females (military, mining, construction Pituitary

Hormones

etc.)

- ] ol - PRSPPI RSP ——

* Complexity in females has been overlooked until recently

Ovarian
. . . Hormones
* Females are not just slightly different males! Progesterone
1 1 N
COGNITIVE IMPAIRMENT SOCIAL IMPAIRMENT

* Boys with TBI performed significantly « Females are better in recognizing their

worse than girls communication problems Uterine
» Women reported greater PCS follow- « Females are protective after TBI Cycle Endometrium

ing TBI

.\

Follicular Ovulation Luteal Menses
Phase Phase
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Neuron

Sex-specific differences in axons

(&

Human Female Axon

S
TRl LT
VR T A =

Electron microscope cross sectional views of axons containing microtubules

* Sex difference in axonal size and microtubule number in human axons

* Male axons are larger with a more complex cytoskeleton than female
axons
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New
Australian

Research




Research: Predicting recovery

AUS
m [ Bl %;

1. App and online data collection 2. ‘Extend’ data collection
. Mobile phone app to track concussion recovery . Recruitment from ED < 12h post-concussion
. Online data collection, <14d post-concussion . WA, QLD, VIC sites
. Follow up for 12 months or until symptom . 12m follow up
resolution . 200 people

. 5000 people

3. AUS-mTBI Registry

* Data kept beyond lifespan of project
* Enable future data linkage
* External research groups can apply to access deidentified data for other

projects
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AUS-mTBI Extend

Blood and
saliva-based
biomarkers

Demographics

=
¥
B TheAlfred

Symptoms (BESS)

Medical history

Concussion symptomatology
Anxiety and Depression

Quality of life Vestibular-Ocular Motor

Screening Test (VOMS)

Cognitive Vestibular { r

assessment Ocular Motor (? )
Cogstate assessment AT - h
g S

f@ N ﬁ§

4 MONASH
University
RBWH A perron

Royal Brisbane and institute
Women.s hOSpitaI - for neurological and

translational science
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Extend data collection S

]

In-Person Assessment, <4 days post mTBI

Phone follow-up 1w, 2w, 1m, 3m, 6m 12m
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Have you, or someone you care for, had a
concussion?

Get recovery support and guidance on managing concussion
while contributing to new Australian concussion research

* Track & manage
your symptoms

» Advice & support

e Information & .
resources g _ Get started

The AUS-mTBI Study aims to gather vital insights to predict long term
outcomes following concussion.

» Track and manage your symptoms until they resolve
» Tips, information and resources to help your recovery
» Advice on returning to study, work or sport.

Symptom over time TASKS YO OO TOOKY

edeche

Dizziness
R e o \_ =4
Symptom tracker Daily recovery guide

5,000 participants Australia-wide
Guided recovery

Symptom trajectory, return to
work/school, exercise

Machine learning to develop
prediction models



Research - diagnosing sports concussions

« Sports-related concussion (SRC) can

be difficult to diagnose 0%/ 4056}
A 2,048
* New Monash University research g € 10
Q.
shows SRC can be accurately o W & st
; : : £ 2561 G .
diagnosed using a blood test using 6 ' g | A
! . [~ A
GFAP as a marker § %‘ & 12 '
64 .
321
« BUT... must be measured 16-24 ; =
.. 161 el
hours after suspected injury e = . - -

16-24 hours 24-32 hours 36-52 hours Post-SRC (hours)

MONASH

Uﬂiyersi‘[y William O’Brien, Sandy Schultz, Stuart McDonald

: o perron tin Universi
Breaking Ground. Changing Lives. @institute % Curtin University



Research - understanding brain injuries
caused by domestic violence

60+

n
o
]

-
(2.
L

« Brain injury resulting from
domestic/interpersonal violence is
very common but poorly understood

* New research from Monash
University found that people with T
these injuries reported

* More severe symptoms (A)

« More frequent symptoms (B)

« Higher blood levels of axonal
injury markers (C)

« Normal levels of GFAP (D)

RPQ Symptom Sever
o
xx k
xx
X

N
o

S 8

b 4
XX

RPQ Symptom Frequency
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X

GFAP, Ln (pg/mL)

Hx
- Tk
§
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o UHNEFSIJ[}/ Mujun Sun, Georgia Symons, Sandy Schultz
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Research - improving persistent symptoms

Baseline Follow-up

6z TH oz oMz 104z 6 Hz 7Hz 8Hz 9 Hz 10 Hz
1Mz 12Kz 1342 ALLH 1542 114z 12Hz 134z 14Kz 15 Hz
162 17H2 1842 1942 20Kz 16 Hz 17Hz 18Hz 19 Mz 20 Hz

Curtin University StUdy |OOkiﬂg at Baseline Follow-up
whether neurofeedback can be used to

tieatBPsPe(s:sSions/weekforéWeeks @® @@
LOPEe® HUVEN
ARDOO 8DO00
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NEUROFEEDBACK
TREATMENT

Examining associations with MR,
cognitive, questionnaire and biomarkers
(blood, saliva)

NO TREATMENT

3-2-1 01 2 3

3-2-1 01 2 3



Functional connectivity deviation of the central executive control network

Baseline Follow-up

Baseline

22L 22R
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Working to help
iImprove the lives of
people with

y

Connectivity Traumatic Brain Injury

Helping to connect the

community to Australian TBI * Lived Experience Advisory Grou!o
research « Connect to current Research Projects

Traumatic Brain Injury




Sport-Related
Concussion Short
Course

Sport-Related Concussion Short Course
This course is a 15-minute interactive
online course which educates coaches,
umpires, staff, volunteers, parents and
other interested people to recognise
and manage a sport-related concussion
injury. The course is self-paced, so you

can enrol today...

Find out more >

Concussion in
Older Adults Short
Course

Concussion in Older Adults Short
Course The Connectivity Concussion in
Older Adults Short Course is designed
to provide those working within the
aged care sector with the information
they need to take an evidence-based
approach when responding to and

managing...

Find out more >

Concussion Short
Course

Concussion Short Course ENROL IN
FREE CONCUSSION SHORT COURSE
Have you or someone you know
suffered a concussion? Are you unsure
what to do now, or unsure what to
expect next? Or are you simply just

interested to learn more...

Find out more >

Free Traumatic
Brain Injury MOOC

Register to join this free online course
on Understanding Traumatic Brain
Injury that aims to raise awareness and
build knowledge to reduce risk and
improve management and rehabilitation
outcomes for people who have

experienced a TBI.

Find out more >
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Connect with Us

www.connectivity.org.au
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Connectivity Traumatic Brain
Injury Australia

ConnectivityTBI
ConnectivityTBI

ConnectivityTBI

Doonma

Connectivity Traumatic Brain
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Neurotrauma Research Laboratory

Prof Lindy Fitzgerald
Dr Jemma Keeves

Dr Chidozie Anyaegbu
Dr Brittney Lins

Dr Amanda Jefferson
Jacinta Thorne
Melissa Papini
Caerwen Beaton
André Avila

Ruby Gilroy

Rachel Singer

Kieran Edmunds
Grace Bliesner

Roley Myers

May Majimbi
Katherine Frazer
Kinta Pinchin-Yamada
Geena Gill

Dr Shaun Markovic
Dr Francesca Buhagiar
Dr Aleksandra (Ola) Gozt

Western Australian

Future Health Researcl
& Innovation Fund

BRYANT STOKES
NEUROLOGICAL
9 RESEARCH FUND

O fnstitute

. Curtin University

sarah.hellewell@curtin.edu.au
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Medical Research
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