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Spinal Cord Injury: a vision for future Objectives
rehabilitation efforts At the end of the session, participants will be able to:

: * Theorize ways of how MRI could inform clinical
Andrew C. Smith, PT, DPT, PhD management of individuals with SCI.

+ Formulate ideas of how recent innovations could
3P @DrAndrewCSmith enhance clinical outcomes in our patients.

« Identify ways in which pre-clinical research could be
franslated into patient management.
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“SCI: a vision for future rehabilitation efforts”

What typically happens after SCI...
Outline: .
« Status Quo

 Improved Prognosise
» Can Stimulation Help?

» Adaptive Technologies
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Prognosis for Ambulation: using motor scores Prognosis for Ambulation: Clinical Prediction Rules

A clinical prediction rule for ambulation outcomes after
traumatic spinal cord injury: a longitudinal cohort study

n CHoans

Hends\ande en,fsthe .50

INTERNATIONAL STANDARDS FOR NEUROLOGICAL

A S*I\ cussmcnnnu(lt;r" ‘s;::ul;u. CORD INJURY IS(;.S e 12. Mobilty ndoors

0. Requires total assistance
1. Needs electric wheelchair or partial assistance to operate manual wheelchair

Motor score L3

Motor score S1 2. Moves independently in manual wheelchair
. L2 D ly
Hlp flexors Light touch score L3 3. Requires supervision while walking (with o without devices)
L3 . 4. Walks with a walking frame or crutches (swing).
Knee extensors Light touch score 51 5. Walks with crutches or two canes (reciprocal walking)
. Total 6. Walks with one cane
Ankle dorsiflexors L4 7. Neads leg orthosis only
Only the best score of each motor score or light t 8. Walks without walking aids
Long toe extensors LS i e o ok e

Ankle plantar flexors $1 T e P P

Crozier 1992, Waters 1994, Dobkin 2006
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Prognosis for Ambulation Using Motor Scores: Limitations

What ifg

» we had imaging., or other biomarkers, that could tell
» Sedation? Lower extremity fracture? Spinal Shock? us more about what damage had been done to the

spinal cord?
» Lack of Specificity in Outcome

» adding this new information to clinical information

(e.g.. motor and sensory testing results) could allow
more accurate and specific prognosise

» Determining Plan of Care

“SCI: a vision for future rehabilitation efforts”

What ife Qutline:

« Status Quo

More accurate and specific prognosis and <2
identification of specific injury to the spinal cord * Improved Prognosis?

Il dcl linical path for SCI Rehab?
allowed clear clinical pathways for eha » Can Stimulation Help?

» Adaptive Technologies
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To-weighted spinal cord images

Axial images
Standard mid-sagittalimages

Advanced MRI for Spinal Cord Injury
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Damage Ratio

Find slice with maximum axial damage:

Damage ratio = area of damage /
surrounding cord area

Smith et al, §
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Higher resolution axial images
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iSCI1:0.29 i8C12:0.20 i8CI3:0.39 iSCl4:0.35
iSCI5: 0.32 i8C16:0.10 iSCI7:0.47 iSCI8: 0.57
i8C19:0.17 iSCIN0: 0.49 iSCI1:0.39 isCIN2:0.32

¢
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iCI13:0.43 iSCl14: 0.34

Smith et al, Spinal Cord, 2017
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Study details
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Smith et al, Spinal Cord, 2017

% Re=-072, P <001
»WISCI I

‘- Rs=-0.69, P <0.01

@ s

Rs=-0.62, P =0.02

R=-0.61,P=0.02

R=-0.68,P =001

Smith et al, Spinal Cord, 2017
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+ Collapse across slices, compute
extent of damage

« Test forinjury to specific tracts

Smith et al, A S /S dicine and Rehabilit




C) Thresholded

Lesion Image
(> Mean + 2 SD)

D) LCST and GF
Masks Overlaid
Lesion Image

(> Mean + 2 SD)

A) T2-weighted cervical spine B) T2-weighted
image Native Axial
Slices (through

the damage)

Intensity
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Smith et al, Arc
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Left LCST Damage Right LCST Damage

Right Plantarflexion Torque: R = -0.46, P = 0.09 Left Plantarflexion Torque: R =-0.31, P = 0.28

Right Knee Extension Torque: R = -0.50, P = 0.07 Left Knee Extension Torque: R =-0.30, P = 0.29

Smith et al, Archives of Physical Medicine and Rehabilitation, 2018
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Ann Neurol. 2019 May 18. doi: 10.1002/ana.25505. [Epub ahead of print]

Residual Descending Motor Pathways Influence Spasticity after Spinal Cord Injury.
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My NCMRR R0O3 team

Dr. Denise O'Dell Dr. Stephanie Albin
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Dr. David Dungan

Dr. Jeff Berliner

Mitch Sevigny

Dr. Ken Weber

Prof. Jim Elliott

Machine learning, convolutional neural networks (CNN)

Letter | Published: 25 January 2017

Dermatologist-level classification of skin cancer
with deep neural networks

Andre Esteva™, Brett Kuprel ™, Roberto A. Novoa ™, Justin Ko, Susan M. Swetter, Helen M. Blau & Sebastian

Thrun™ - Show fewer authors

Nature 542, 115-118 (02 February 2017) | Download Citation &
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Machine Learning to Detect Cord Damage

What computers see
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Brandon Rohrer's YouTube channel 25
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Advanced
Imaging

Clinical
Evaluation

AMERICAN JOURNAL OF NEURORADIOLOGY

w-vwozpo®

Comemt  ForAubors  AboutUs  SubmtaManuscript  Podcasts OB 08in3

3Convolutional Neural Network—Based Automated Segmentation of the Spinal Cord and
Contusion Injury: Deep Learning Biomarker Correlates of Motor Impairment in Acute
Spinal Cord Injury

oy, SM. Dupont, . Gros, J. Cohen-Adad, RLJ. Huie, A. Ferguson, X. Duong-Ferandez, L H. Thomas, V. Singh, J. Nanvid, L. Pascual, N. Kyritsis, M.S. Beatte,
J.C. Brosnahan, S. Dhal, W, Whetstone and J.F. Talbott

Less-
Favorable
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Damage Ratio vs SMW Distance
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Tilt table
Advanced
Imaging

Clinical
Evaluation

w-vozaoms

Blood
pressure
cuff

\

Favorable

PROBLEM WITH EARLY MORBILITY: N\
orthostatic hypotension g
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Shirley Ryan

Abilitylab.

Max Nader Center for Rehabilitation Technologies &
Outcomes Research

Ensure Initiation of
Medical Tilt Table Trials Gait.
Stability Training
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Accelerate the Time to Upright
AR

N

HOW EARLY CAN |2
«N=7

« Primary purpose of study was assessing for
neurological recovery when intervening
early or late with EKSO + FES in inpatient
rehabilitation

« Did not wait for tilt table tolerance tfo initiate
exoskeleton training !

39

HOW EARLY CAN |2

« 85 total training sessions

« 2 hypotensive events
* 2% occurrence

Ensure Initiation of
Medical Tilt Table Trials Gait
Stability Training
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Exoskeleton training may be best for early
mobility and avoiding orthostatic hypotension

...also may help with muscle atrophy

Muscle Volume % Change

Gontrol

Iferventon
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CHRISTOPHER & DANA
REEVE FOUNDATION

TODAY'S CARE. TOMORROW'S CURE.®

NeuroRecovery Network®
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“SCI: a vision for future rehabilitation efforts”

QOutline:
 Status Quo

* Improved Prognosis?

» Can Stimulation Help?

» Adaptive Technologies
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Epidural stimulation

THE LANCET

Effect of epidural stimulation of the lumbosacral spinal cord
on voluntary movement, standing, and assisted stepping after
motor complete paraplegia: a case study

Prof Susan Harkema, PhD, Yury Gerasimenko, PhD, Jonathan Hodes, MD, Prof Joel Burdick, PhD, Claudia Angeli, PhD,

Yangsheng Chen, PhD, Christie Ferreira, BSc, Andrea Willhite, BA, Enrico Rejc, MSc, Prof Robert G Grossman, MD, Prof V.
Reggie Edgerton, PhDEA

TOTTORS CROTCE
Altering spinal cord excitability enables voluntary movements after chronic
complete paralysis in humans @

Claudia A, Angel, V. Reggie Edgerton, Yury P. Gerasimenko, Susan J.Harkema

A JOURNAL OF NEUROLOGY Brain, Volume 137, lssue 5, 1 May 2014, Pages 1334-1409, h

Published: 07 April2014  Article history v

RESEARCH ARTICLE

PLOS | one Effects of Lumbosacral Spinal Cord Epidural Stimulation for
Standing after Chronic Complete Paralysis in Humans

HANNIVERSARY
Enrico Reic, Claudia Angeli, Susan Harkema @

Published: July 24, 2015 « hitps:/idoi.org/10.1371/journal pone.0133998

Enabling Task-Specific Volitional Motor Functions via
Spinal Cord Neuromodulation in a Human With

MAYO
Paraplegia

W PROCEEDINGS
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Bl The Journal of Spinal Cord Medicine

e e

RESEARCH ARTICLE
Common neural structures activated by
epidural and transcutaneous lumbar spinal
cord stimulation: Elicitation of posterior root-
muscle reflexes

Epidural stimulation with locomotor training
improves body composition in individuals with
cervical or upper thoracic motor complete spinal
cord injury: A series of case studies

o Daniela G.L. Terson de Paleville, Susan . Harkema & Claudia A, Angell

Targeted neurotechnology restores
walking in humans with spinal cord injury

Fablen . Wagner,san-Saptste ignardr,Camile . Lo Gof ignardr Robin Demesmasker,

S, Harco Capop s ol

st Carc, z VicantDeatre, TimDerison, Hendrix Lamoe

rigoie Courtne @ -Showfawerautors

Minsssian, Jocelyne Sic
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The Big Idea: Epidural Stimulation Research for SCI. Christopher & Dana Reeve Foundation
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Improvements even when the stimulator is OFF...

"We show the progressive recovery of voluntary leg movement and
standing without scES in an individual with chronic, motor complete SCI
throughout 3.7 years of activity based interventions ufilizing scES
configurations” ~Rejc et al, 2017, Scientific Reports

“P1 and P2 could transit from sitting to standing and walking independently
with crutches. P1 could even walk without an assistive device for several
steps. Consequently, P1 and P2 increased their WISCI scores from 13 to 16
and 6 to 13, respectively. They displayed substantial improvements in
clinical evaluations such as ten-metre and six-minute walking tests without
EES.” ~Wagner et al, 2019, Nafure

—— ACADEMY OF ~n

NEUROLOGIC |{[em.

PHYSICAL THERAPY  [mresiews

Spinal cord epidural stimulation for voluntary movement after

spinal cord injury: current state of the research.

August 1%, 2019

Andrew C. Smith, PT, DPT, PhD; Candace Tefertiller, PT, DPT, NCS;
Meghan Joyce, PT, DPT, NCS; Rachel S. Tappan, PT, DPT, NCS; Alex Lubahn, PT, DPT;
Celisa Hahn, PT, DPT; Enrico Rejc, PhD

Neuropt.org - Special Interest Groups - SCI - New and Noteworthy
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Cinical | 8 Advanced
Evauation §  Imaging

Less-
Favorable

Epidural Stim too invasive? Patient cannot afford the coste

Journal of
Neurotrauma

Self-Assisted Standing Enabled by Non- || Trunk Stability Enabled by Noninvasive
Invasive Spinal Stimulation after Spinal || Spinal Electrical Stimulation after Spinal
Cord Injury Cord Injury

Transcutaneous Stimulation
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Dr. Candy Tefertiller, PT, DPT, PhD, NCS

9
OTC TENS-7000 Dual Channel Digital TENS Unit for
Pain Management, 5 Modes

 Wednesday. May 8
Orgetitby i, May 3 with fster shipping Ot

-
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What about upper extremity functione

EEE Trans Noural Syst Rehabil Eng. . dol: 10,1109/ TNSRE 2018.2834339.

Spinal Long-Term Recovery of Upper Extremity
Function in Chronic Tetraplegia.

Inanici F, Samejima S, Gad P, Edgerton VR, Hofstetter CP, Moritz CT.

A[W I

“functional gains were maintained in the absence of
stimulation and persisted for over three months of follow-up
with no further treatment.”
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40110.1093 brainfawx 02

A JOURNAL OF NEUROLOGY

A novel cortical target
output in humans with

BRAIN 2017: 140, 16151632 | 1619

to enhance hand motor
spinal cord injury

Jinyi Long,” Paolo Federico” and Monica A. Perez

A Nine-Hole-Peg-Test (9HPT)

.
4

Can stimulation help with bowel,
bladder, and sexual function?2

61

o
Epidural Spinal Cord Stimulation Facilitates
Immediate Restoration of Dormant Motor and
Autonomic Supraspinal Pathways after Chronic
Neurologically Complete Spinal Cord Injury

nature > scientificreports > artcles > article

[ SCIENTIFIC REPQRTS

et open | pulahc o6 bne 18

Lumbosacral spinal cord epidural
stimulation improves voiding function
after human spinal cord injury

A C sl

Angel, . 3 Harkems pscher ™

ScientifcReparts 8, Article number: 8688 (2018)  Download Ciation &
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“SCI: a vision for future rehabilitation efforts”

Qutline:

« Status Quo

* Improved Prognosis2

* Can Stimulation Help?
» Adaptive Technologies
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Clinical
Evaluation

/

Advanced

Imaging

Less-
Favorable

Adaptive technologies to enhance quality of life...

BIONICS
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~ [SCIENTIFIC REPORTS

Non-invasive, Brain-controlled Functional
Electrical Stimulation for Locomotion . w
Rehabilitation in Individuals with Paraplegia %

Aurele Selfslagh, Solaiman Shokur, Debora . . Campos, Ana R. C. Donati, Sabrina Almeida, Seidi Y. Yamaut, Daniel

8. Coelho, Mohamed Bouri & Miguel A. L. Nicolelis™ - Show fewer authors

Scientifc Reports 9, Article number: 6762 (2019)  Download Citation &
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Vox

Disabled people don’t need so
many fancy new gadgets. We just
need more ramps.

Technology isn't always the answer.
By s.e. smith | Apr 30,2019, 7:30am EDT
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“SCI: a vision for future rehabilitation efforts”

In Summary:
« Status Quo

* Improved Prognosis?
» Can Stimulation Help?

» Adaptive Technologies
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