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Secondary complications

Initially seriously critically ill, massive
catabolic assault on body

Forced inactivity

no longer upright & stop producing
growth hormone

bone loss, osteoporosis, muscle
mass

Poor circulation, pressure areas

Metabolic syndrome, insulin
resistance

Lack thermoregulation, blood pressure
control

Bladder, bowel & sexual dysfunction

Pain, depression, quality of life,
decreased participation

Exercise after SCI

CNS injury: the v isual system as a model

Striking advances cell -/ drug -based approaches, no cure yet
Rehabilitation is all we 've got, do it well, do it well now

!
What does exercise do to nerve cells?
Biological plausibility?

caudal « Neurons survive
rostral

* AXons regrow
temporal « Topography restored

« Useful function: VISION

Growth cones: “living battering rams

CNS injury: the visual system as a model

in vivo Timelapse Imaging of
Retinotectal Axon Pathfinding
in Xenopus laevis

Sonia Witte
Harris/Holt Labs
Department of Anatomy
Cambridge University

caudal * Neurons die

rostral « Axons fail to re-grow

temporal « (No topography)

« No function: BLIND




Lizard optic nerve:
=gmpm, dysfunctional CNS regeneration

Pre-training normal lizards

R

\ BRAIN

EYE

BRAIN

(Beazley etal., 2003 J Neurotrauma 20:1263-1270)

Regenerate — experimental
(early)

Lizards and down -hill skiers

(Fine et al., Nature Neuroscience 6:915-916, 2003)

Regenerate — experimental
(late)

Training restores topography

Normal Trained Untrained

tectum

retina

(Beazley et al., 2003 J Neurotrauma 20: 1263-1270)




Training improves neurotransmission

& decreases inhibition %

Facial nerve injury
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Normal Trained Untrained

1st response
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normal  trained untrained

Temporal bone fractures,
laceration of face (traffic
accident), post —operative
lesions after tumour

Poor recovery of facial
tone, voluntary movement
& emotional expression

Persistent & worsening
function

Facial & sensory
innervation is
separate

Dysfunctional PNS regeneration

“Whisker training "

ears
€Y®  whisker pad

Facial nerve
cut& zygomatic
anastomosis

mandibular

(Angelov et al., 2007 Neurobiol of Disease 26: 229-24  2)

The trainers enjoy it too!

Training restores the right connections
& whisking

(Angelov et al., 2007 Neurobiol of Disease, 26: 229-2  42)
(Guntinas-Lichius et al., 2007 Neurobiol of Disease, ~ 28: 101-112)

Trained: - mono-innervated (M)

Untrained: poly-innervated (P)

—
(p<0.05)

% mono - or poly -
innervated

M P M P M P
normal  trained untrained

Class Il B-tubulin

(Angelov et al 2007 Neurobiol of Disease 26:229-242)
Alexa fluor 488  -bungarotoxin

(Pavlov et al 2008 Exp Neurol 211:292-300)
(Bischoff et al 2009 Muscle & Nerve 39: 197-205)




Training dose?

Hypoglossal nerve injury

Appropriate vs inappropriate
activity

5 minutes / day, 5 days / week for
2 months....

If you get it right, does not have to
be very much

(Goldberg et al., 2002 Neuron 33: 689 -702)

Motor nerve

“Tongue” training

“Blink " training

“Blink " — handling control

“Blink " trained
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Spinal cord repair?

“Complete "
no sensory and/or
motor function

“Incomplete " some
sensory and/or motor
function

Majority (70%+) are
incomplete

“Discomplete ”

Spinal cord repair —
neural & glial substrates for exercise

$ %&'

Increasing growth factors
Long distance regeneration
Sprouting & new circuits

Astrocytes , microglia
Inflammatory cells
Cyst
Preventing demyelination ,
promoting remyelination
Decreasing growth
inhibitory molecules

Muscle atrophy

Entraining intrinsic
circuitry, pattern generators

Grey matter
Central canal
‘White matter
Macrophages & Wallerian degeneration

Scar: fibroblasts, Schwann cells, reactive  glia

Failed sprouting
Cortical plasticity

Ski N
" Depression
Neuronal excitability
Synaptic strength
Etc
Cortical neurons
Sensory neurons

Interneurons.
Motorneurons
Ongoing cell death

0000

Cranial

Anterior ,*.pns.w
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Treadmill training after SCI in mice
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Treadmill trained

Non-trained

(Goldshmit et al., J Neurotrauma 2008)
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Treadmill training after SCI in
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Combined: Serotinergic agonists &
epidural electrical stimulation

Spinal transection , T7, rat
5-HT agonists ( quipazine , ip; 8-OHDPAT, sc) 15 min before
epidural electrical stimulation @ L2 & S1

@ 1 week, both agonists + both stimulation levels g ave best re sults

(Courtine et al., Nature Neuroscience, 2009)

Combined: Serotinergic agonists, electrical
stimulation & treadmill training

Robotic treadmill training: 20 mins/ alternate days for 9 weeks bipedal
starting @ 1 wk

Both agonists + both stimulation levels + treadmill training: s pinal cord responds
to changes in speed, direction & stopping that are indistinguish able from normal

Reduced muscle mass loss

Improved neurophysiological —responses (Courtine et al., Nature Neuroscience, 2009)

Spinal cord injury, neurological
recovery & exercise

Increasing growth factors (BDNF)

Sprouting & new circuits

Preventing demyelination , promoting remyelination
Decreasing growth inhibitory molecules

Entraining intrinsic circuitry, pattern generators

Other factors (secondary complications e.qg. ?

depression, pain, autonomic  dysreflexia , bladder,
bowel & sexual function)

Cell- / molecular -based long distance regeneration
| sprouting + exercise

Long distance regeneration X

Promoting Recovery
after Spinal Cord Injury

Spinal Cord Injury & Physical Activity
Victorian Neurotrauma |Initiative & other funding

2009-2013: ~$6.5m

“MAP” “SCIPA”

Move Again Program Spinal Cord Injury & Physical Activity
Neurotrauma Research Program Victorian Neurotrauma Initiative & other funding
2008-2010: $318,000 2009-2013: ~$6m

UWA, Curtin, NDUA, RPH ALL 8 Spinal Units in Australia & NZ

Multidisciplinary: translational science, Multi -disciplinary: basic science, engineering,
physiotherapy, physical therapy, physiotherapy,
therapy, gait, psychometrics, health occupational therapy, psychology, data -

economics logging, database, health economics

Sarah Dunlop., Animal Biology, UWA Mary Galea, Uni Melbourne / Austin Health
rank Mastaglia , 3

John Ker, Head Spinal Unit, RPH 2:',?;‘ :E:;?.p'c‘ﬂ:/ RPH

Bob Grove, Human Movement, UWA
Peter Hamer, Physiotherapy, NDUA
Garry Allison, Physiotherapy, Curtin, RPH
John Buchanan, Physiotherapy, RPH
Barby Singer, Surgery & Pathology, UWA
Gary Thickbroom , CNND, UWA

David Lloyd, Human Movement, UWA
Brendan Lay, Human Movement, UWA
Romola Bucks, Psychology, UWA

Chas Skinner, Rural Health, CUCRH 33 Associate Investigators

Liz Geelhoed , Population Health Physiotherapy & Occupational Therapy Staff atall U nits.

Lisa Harvey, Uni Sydney / Moorong Spinal Unit
Glen Davies, Uni Sydney

Linda Denehy , Uni Melbourne / Austin health
Andrew Nunn, Uni Melbourne

Ruth Marshall, Hampstead Rehabilitation, SA
Ric Ackland , Burwood Spinal Unit, NZ

Tim Gerraghty , Princess Alexandra Hospital
Iven Mareels, Uni Melb

ALL 8 Spinal Units in Australia & NZ
Radomised controlled trials
Spanning acute care to the community
Multi -disciplinary:
basic science, engineering, physical therapy, occup ational

therapy, physiotherapy, psychology, data  -logging,
database, health economics




(Functional Electrical Stimulation - FES cycling) (FES-assisted hand exercise)
Acute intervention: ( ’ ReJ stati
~ FES cycling in bed . 4 eJoyce workstation

ehind ear
~ICU & Acute Care tooth-click sensor
~ Limit early muscle & bone loss & transmitter
~ Improve vascular tone
~ Maximise long term gain Electrode
cuff
) Safety, critically ill patients

MOTOmed Viva Continue during inpatient stay )
Groups: Early rehabilitation Receiver/ . \‘fvl‘f o
Active (FES) cycling vs Passive ~ Improve upper limb function stimulator
cycling ~ Complete or incomplete tetraplegia C2-T1

~ 8 week training program, 1h daily, 5d/week
19 outcome measure: Biomarkers Groups: Standard care + ReJoyce
vs Standard care alone ‘

BDNF, NfH, IL-6 10 Outcome measure: Upper limb function

Rejoyce workstation RCT Ill: SCIPA Full -on

(3-pronged approach to exercise paralysed limbs)

Post discharge

~ 12 week training
program

~ Whole body exercise
~ Clinical trials — walking
~ Not just about walking
~ Being upright

~ Reduce secondary
complications

~ Anecdotal evidence
(urinary output, core
stability....)

Groups:

Full-on vs upper body exercise
1° Qutcome measure:

ASIA motor score

ANZSCIN

Collaborate
Communicate

Cure .
[ ]
o ..
. [ J
WWW.anzscin.org o

Office of Science & Medical Research

NSW State Government ~$3/4m; State buy -in

Peak Body

Clinical trial coordination - No one Spinal Unit on its own
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