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About the Rehabilitation Engineering Laboratory 

History 

The Rehabilitation Engineering Laboratory was established in 2001 at the Lyndhurst Centre of Toronto 
Rehab, University Health Network. In 2006 and in 2009, the laboratory underwent two major 
renovations, quadrupling the amount of space and equipment available for personnel and experiments. 

What We Do 

We develop advanced technologies for spinal cord injury (SCI) and stroke rehabilitation. These include 
brain-machine interfaces, assessment tools for determining an individual’s level of function, and 
rehabilitation techniques for restoring walking, reaching, sitting, and grasping ability. We also design 
neuroprosthesis systems to assist individuals with tasks such as walking, reaching, grasping, and 
balance during standing and sitting.  

Most of our work is based on functional electrical stimulation (FES), which uses electricity to make 
muscles contract. FES can be used to generate movement in paralyzed muscles or to re-train weak 
muscles and the central nervous system. This technology is also called neuroprosthesis. 

Accomplishments 2014-2016 

 MyndTec Inc. commercialized our FES Therapy for reaching and grasping. The product is 
called MyndMove®  (approved by Health Canada) 

 Developed EEG-based brain machine interface that can distinguish 5 different grasping 
postures  

 Completed a randomized control trial with FES Therapy for walking in chronic incomplete 
SCI patients  

 Developed electrical stimulation tool to direct and accelerate movement of the neural 
precursor cells 

 Published more than 44 peer-reviewed journal papers and filed 6 patents  
 Trained 6 postdoctoral fellows, 9 PhD students and 4 MSc/MASc students  

Want to Get Involved? 

We’re always looking for participant for our studies, volunteers to help us with the experiments, and 
students and research collaborators.  If you would like to join us, please feel free to contact us at 416-
597-3422, Ext.6302, or www.toronto-fes.ca 
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Research at the Rehabilitation Engineering Laboratory 

Neuroprosthesis for Reaching and Grasping 

Our reaching and grasping neuroprosthesis is designed for individuals who cannot reach and/or grasp 
voluntarily. These individuals can use the system to pick up and manipulate objects, significantly 
improving their independence in activities of daily living. People who have SCI at C3-C7 level or stroke 
have used this system as a rehabilitation tool to assist in retraining voluntary reaching and grasping. 
 
 
Neuroprosthesis for Walking 

The purpose of the neuroprosthesis for walking program is to demonstrate the long-term benefits of FES 
therapy on walking function in patients with incomplete SCI and stroke. Our studies showed a significant 
improvement in walking speed and/or a reduction in the use of assistive devices for walking after using the 
neuroprosthesis. In this application the neuroprosthesis for walking is used as a short-term intervention for 
improving voluntary walking function.  
 
 
Neuroprosthesis for Sitting 

Trunk instability is a major problem for many people with SCI, affecting their independence and ability to 
perform activities of daily living. The long-term objective of this project is to produce a new device that will 
improve a person’s stability while sitting, by stimulating paralyzed trunk muscles using FES. This sitting 
neuroprosthesis will improve the ability to perform such tasks as reaching and wheeling. We are currently 
studying the mechanisms of balance in the trunk and how they are affected by muscle paralysis. This 
analysis will form the basis for developing the FES system for balance during sitting. 
 
 
Neuroprosthesis for Standing 

The neuroprosthesis for standing and balancing is a device that will allow some neurologic patients to 
stand up, perform stable “hands-free” standing, and sit down again. At least two applications of this 
technology are envisioned: (1) this device will be used as an independent system to allow complete 
SCI patients to stand; and (2) the neuroprosthesis will be used to  retrain standing function and 
balance control in incomplete SCI, stroke and elderly patients through active, repetitive, balance 
training sessions. Besides the obvious functional benefits, this neuroprosthesis would also help 
maintain bone density and prevent pressure sores by allowing people to stand for extended periods of 
time.  
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Human-Machine Interfaces 

Understanding the relationship between an assistive device and its user is a fundamental step 
towards designing better systems. The human-machine interface project focuses on developing new 
communication strategies and methodologies to allow users to have more natural control over an 
assistive device. One aspect of this work is our research into brain-machine interfacing, which 
investigates the relationship between intended arm movement and electroencephalogram (EEG) 
signals from the motor cortex of the brain. 
 
 
Novel Neuroprosthesis 

People with spinal cord injury have impaired movements of their arms and/or legs, due to paralyzed 
muscles. Rehabilitation using electrical muscle stimulation is very advantageous for this population. 
However, one aspect that often limits the use of electrical stimulation is the rapid onset of muscle 
fatigue. A muscle in this condition will contract less efficiently in response to the stimulation. Muscle 
fatigue can be explained by the fact that electrical stimulation can only make a portion of the total 
fibers within a muscle contract and they are all contracted at the same time. In the current project, we 
are developing a new stimulation method that would activate most of the muscle fibers at different 
times in a sequence regulated by a cyclic pattern. 
 
 
Equipment 

The Rehabilitation Engineering Laboratory has a variety of research equipment including: 
 Compex II stimulators 
 MyndSearch & MyndMove stimulators 
 Body weight support treadmill 
 Force plates 
 Polhemus motion capture system 
 Optotrack dual camera motion capture systems 
 ERIGO tilt table with motorized leg movement 
 Electromagnetically shielded room for EMG and EEG measurements 
 Vibration platforms 
 REL-PAPPS perturbation system 
 Biodex System 3 
 ARMEO and ReJouce systems for upper limb rehabilitation 
 Ultrasound system 
 Transcranial Magnetic Stimulation System Medtronic Mag Pro R30 
 6-camera Raptor Motion Analysis system 
 Various EMG and EEG measurement systems  
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Our People 

Principal Investigators 

Dr. Milos R. Popovic (biomedical engineering), Head of the Laboratory, Toronto Rehab Chair  
in Spinal Cord Injury Research, Senior Scientist, Associate Director Research and Tenured    
Professor 

Dr. Julio Furlan (neurology), Affiliate Clinician Scientist and staff neurologist, 
Dr. Cesar Marquez-Chin (biomedical engineering), Research Scientist 
Dr. Kei Masani (exercise physiology), Research Scientist 
Dr. Jose Zariffa (biomedical engineering), Research Scientist 
 

Postdoctoral Fellows 

Dr. Robart Babona-Pilipos (biomedical engineering) 
Dr. Austin J. Bergquist (exercise physiology) 
Dr. Aravind Kumar Namasivayam (speech/language) 
Dr. Bastien Moineau (physiotherapy) 
Dr. Hossein Rouhani (biomedical engineering) 
 

Graduate Students 

Sharon Gabison, PhD student 
Martha Gabriela Garcia-Garcia, PhD student 
Bojan Gavrilovic, MHSc student 
Stephanie Iwasa, PhD student 
Lazar Jovanovic, PhD student  
Eric Ma, MASc student 
Sara Mahallati, PhD student 
Andresa R. Marinho, PhD student 
Luka Milosevic, PhD student 
Matija Milosevic, PhD student 
Kramay Patel, PhD student 
Takashi Yoshida, PhD student 
Umalkhair Ahmed, MHSc student  
Ying X. Zhi (Derek), MHSc student 
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Support Staff 

Zina Bezruk, Administrative Assistant 
Betty Chan, Grants & Accounts Coordinator 
Naaz Desai, REL Manager, Research Coordinator and Physiotherapist  
Esther Oostdyk, Secretary 
Abdulazim Rashidi, Research Engineer 
Dr. Vera Zivanovic, Research Coordinator 

Awards and Distinctions 

2016 
 

 Dr. Bastien Moineau was awarded the AGE-WELL Graduate Student and 
Postdoctoral Award in Technology and Aging 

 Dr. Bastien Moineau was awarded the Spinal Cord Injury Ontario Postdoctoral 
Fellowship 

 Lazar Jovanovic was awarded the Institute of Biomaterials and Biomedical 
Engineering International Scholars Program Award 

 Kramay Patel was awarded the Vanier Canada Graduate Scholarship (Vanier CGS), 
Natural Sciences and Engineering Research Council of Canada 

 Saima Ali was awarded 2nd Place in in Bioelectrical Engineeging Poster 
Presentations, Undergraduate Engineering Research Day 

 Saima Ali was awarded the Natural Sciences and Engineering Research Council of 
Canada, Undergraduate Student Research Award 

2015 
 

 Andresa Marinho-Buzelli was awarded the Neural Engineering and Therapeutics 
Team Excellence Award, Toronto Rehab Institute.  

 Bojan Gavrilovic was awarded the Sleep Science Team Excellence Award, Toronto 
Rehab Institute.  

 Kramay Patel was awarded the Institute of Biomaterials and Biomedical Engineering 
Undergraduate Summer Research Program Best Poster Award  

 Dr. R. Babona-Pilipos was awarded the Faculty of Medicine, Health 
Commercialization Award - 1st Place  

 Sharon Gabison was awarded the Faculty of Medicine, Health Commercialization 
Award – 2nd Place  

 Kramay Patel was awarded the 2015 Undergraduate Summer Research Program 
Elevator Talks – 2nd Place  

 Dr. Milos Popovic was awarded 2014 University Health Network’s Inventor of the 
Year Award  
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 Sara Mahallati was awarded the Top Six Poster Presentations Award at the 4th joint 

International Spinal Cord Society (ISCoS) and American Spinal Injury Association (ASIA) 
Meeting, Montreal, Canada 

 Dr. Austin Bergquist was awarded the Canadian Institute of Health Research 
Postdoctoral Fellowship  

 Kramay Patel was awarded The Sunnybrook Research Prize Competition – 1st Place 
 Sara Mahallati was awarded the Best Abstract and Poster Award, 3rd place at the 4th 

joint International Spinal Cord Society (ISCoS) and American Spinal Injury Association 
(ASIA) Meeting, Montreal, Canada  

 Martha Garcia was awarded the Natural Sciences and Engineering Research Council 
of Canada, CREATE – CARE Travel Award 

 Stephanie Iwasa was awarded the Wildcat Graduate Scholarship, Institute of 
Biomaterials and Biomedical Engineering, University of Toronto 

 Matija Milosevic was awarded the Japan Society for the Promotion of Science (JSPS) 
Postdoctoral Fellowship Program for Foreign Researchers, Tokyo, Japan, (declined) 

 Matija Milosevic was awarded the Natural Sciences and Engineering Research 
Council of Canada, Postdoctoral Fellowship 

 Eric Ma was awarded the 2015 Gordon Cressy Student Leadership Awards, Faculty 
of Applied Sciences and Engineering, University of Toronto 

 Kramay Patel was awarded the Natural Sciences and Engineering Research Council 
of Canada, Undergraduate Student Research Award 

 Saima Ali was awarded the Natural Sciences and Engineering Research Council of 
Canada, Undergraduate Student Research Award 
 
 

Recent Posters 

Grasping 
 

1. Detecting Recurrent Hand Postures of SCI Individuals in Wearable Camera Video 
2. Does the Intensity of the Occupational Therapy Impact the Upper Limb Functional 

Outcome in Sub-acute SCI 
3. Improving Voluntary Upper Limb Function in Individuals with Chronic Incomplete 

Spinal Cord Injury 
 
Sitting 
 

4. Development of a Neuroprostheis for Improved Trunk Stability after SCI 
5. A Method to Estimate and Reduce the Sensitivity of Multi-segment Kinematic 

Assessment of Human Trunk to Soft Tissue Artifact 
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Standing 
 

6. A garment-based neuro-orthosis to help individuals with paralysis stand 
independently  

7. Improving Standing Stability using Closed-Loop Control of Functional 
8. Modeling Muscle Activity Patterns Underlying Postural Responses to Multi-

directional Perturbations in Standing 
9. Modeling of multi-directional muscle activity patterns during standing 
10. Real Time Motion Tracking with Inertial Sensors to Help People with a Disability to 

Stand Independently 
 

Novel Neuroprostheses 
 

11. A novel method to reduce muscle fatigue during functional electrical stimulation for 
people with spinal cord injury 

12. Closed-loop Controlled Neuroprosthesis Design with Optimized FES Parameters to 
Minimize Muscle Fatigue 
 

Walking  
 

13. FES Therapy for Walking in Incomplete SCI Patients Walking Competency 
 
Brain Function 
 

14. Single-unit Recordings From Human Neocortical Slices Maintained In-vitro 
 
Sleep Apnea 
 

15. Factors Predisposing to Worsening of Sleep Apnea in Response to Fluid 
16. Investigate the Effect of Upper Airway Narrowing on Inspiratory Airflow 
17. Design and Validation of a Portable and Affordable Device to Measure Body 

Composition 
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