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Objectives
At the end of the session, participants will be able to:

• Theorize ways of how MRI could inform clinical 
management of individuals with SCI.

• Formulate ideas of how recent innovations could 
enhance clinical outcomes in our patients. 

• Identify ways in which pre-clinical research could be 
translated into patient management.
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• Status Quo

• Improved Prognosis?

• Can Stimulation Help?

• Adaptive Technologies

“SCI: a vision for future rehabilitation efforts”

Outline:
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What typically happens after SCI…

4

Prognosis for Ambulation: using motor scores

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

• Sedation? Lower extremity fracture? Spinal Shock?

• Lack of Specificity in Outcome

• Determining Plan of Care
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What if?

• we had imaging, or other biomarkers, that could tell 
us more about what damage had been done to the 
spinal cord? 

• adding this new information to clinical information 
(e.g., motor and sensory testing results) could allow 
more accurate and specific prognosis?
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What if?

More accurate and specific prognosis and 
identification of specific injury to the spinal cord 
allowed clear clinical pathways for SCI Rehab?
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• Improved Prognosis?

“SCI: a vision for future rehabilitation efforts”

Outline:
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Advanced MRI for Spinal Cord Injury
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T2-weighted spinal cord images
Standard mid-sagittal images

Axial images
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Higher resolution axial images

Smith et al, Spinal Cord, 2017
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Damage Ratio

Find slice with maximum axial damage:  

Damage ratio = area of damage / 
surrounding cord area

Smith et al, Spinal Cord, 2017
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Study details

N = 14
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WISCI II

FIM-L

6 Minute Walk Test
TORQUE

Smith et al, Spinal Cord, 2017
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WISCI II

FIM-L

R = -0.61, P = 0.02

R = -0.68, P = 0.01

Rs = -0.69, P < 0.01

Rs = -0.62, P = 0.02

Rs = -0.72, P < 0.01TORQUE

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

• Test for injury to specific tracts

Smith et al, Archives of Physical Medicine and Rehabilitation, 2018
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A) T2-weighted cervical spine 
image

B) T2-weighted 
Native Axial 
Slices (through 
the damage)

C) Thresholded
Lesion Image
(> Mean + 2 SD)

D) LCST and GF 
Masks Overlaid 
Lesion Image
(> Mean + 2 SD)

Mean No Realignment Volume 2D 

Volume 3D Slice 2D Slice 2D + Z translation 

0 150 
Intensity

9500

Smith et al, Archives of Physical Medicine and Rehabilitation, 2018
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20Smith et al, Archives of Physical Medicine and Rehabilitation, 2018
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National Center for Medical Rehabilitation 
Research (NCMRR) 
R03HD094577

+
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My NCMRR R03 team
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Dr. Denise O’Dell Dr. Stephanie Albin Dr. Jeff Berliner

Mitch Sevigny Dr. David Dungan Dr. Ken Weber Prof. Jim Elliott
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Machine learning, convolutional neural networks (CNN)
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25Brandon Rohrer’s YouTube channel
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Machine Learning to Detect Cord Damage
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• Deep Learning using Convolutional Neural Networks
• Trained on artificial SCI images
• More objective
• More efficient (< 0.5 s per image)
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Clinical
Evaluation

Advanced 
Imaging
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33 34

PROBLEM WITH EARLY MOBILITY:
orthostatic hypotension
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Max Nader Center for Rehabilitation Technologies & 
Outcomes Research

Dr. Arun Jayaraman, PT, PhD Dr. Kristen Hohl, PT, DPT, NCS
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Ensure 
Medical 
Stability

Tilt Table Trials 
Initiation of 

Gait 
Training 

Exoskeleton
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Accelerate the Time to Upright 
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HOW EARLY CAN I? 

• 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 to initiate 
exoskeleton training
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HOW EARLY CAN I? 

• 85 total training sessions 

• 2 hypotensive events

• 2% occurrence  
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Ensure 
Medical 
Stability

Tilt Table Trials 
Initiation of 

Gait 
Training 

Exoskeleton
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Exoskeleton training may be best for early 
mobility and avoiding orthostatic hypotension
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…also may help with muscle atrophy
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Craig Hospital’s Youtube Channel
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• Can Stimulation Help?

“SCI: a vision for future rehabilitation efforts”

Outline:
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Epidural stimulation 
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The Big Idea: Epidural Stimulation Research for SCI.  Christopher & Dana Reeve Foundation

52

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 utilizing 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, Nature
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Neuropt.org à Special Interest Groups à SCI à New and Noteworthy
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Epidural Stim too invasive?  Patient cannot afford the cost?
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Transcutaneous Stimulation
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Dr. Candy Tefertiller, PT, DPT, PhD, NCS
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What about upper extremity function?
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“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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magstim.com
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Can stimulation help with bowel, 
bladder, and sexual function?
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• Adaptive Technologies

“SCI: a vision for future rehabilitation efforts”

Outline:
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Adaptive technologies to enhance quality of life…
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• Status Quo

• Improved Prognosis?

• Can Stimulation Help?

• Adaptive Technologies

“SCI: a vision for future rehabilitation efforts”

In Summary:
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