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Message from
Institute Director 

Milos Popovic
PhD, PEng, FAIMBE

The past year at the Toronto Rehab Research Institute was both transformational 
and energizing on many fronts. It started in early 2018 when we launched 
the Walter and Maria Schroeder Institute for Brain Innovation and Recovery, 
following a historic and generous donation of  $20 million. The Schroeder 
Institute is now fully operational and has enabled us to hire one junior scientist, 
Dr. Shehroz Khan, and to secure the involvement of  neurosurgeon Dr. Suneil 
Kalia. In May, we launched a new venture called CRANIA, the Center for 
Advancing Neurological Innovation to Application.  

We created a strategic plan for CRANIA and secured critical infrastructure for 
this emerging enterprise, including office space and an operating room at 
Toronto Western that will house its own 0.5T MRI machine. During the summer 
we initiated a self-sustainability project for the Institute and launched the KITE 
Project. In addition to these major initiatives, we also restructured laboratory 
space, renewed the management team and put in place a plan for continued 
growth at the Institute in 2019. 

Over the course of  the year, our scientists received many national and 
international awards. The most notable among them include: Geoff Fernie, Order 
of  Canada and RESNA Colin McLaurin Distinguished Lecture Award for 2018; 
Babak Taati and Yana Yunsova, 2018 Dr. Tony Hakim Stroke Innovation Award 
from Heart & Stroke Foundation; and Sherry Grace, 2018 Michael L. Pollock 
Award. In general, our research enterprise performed exceptionally well in 2018, 
and I am truly proud of  each one of  you – staff member, student, scientist and 
volunteer – for your outstanding efforts and dedication to the Institute. 

T R I  R E S E A R C H 
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As we look to the year ahead, you may be wondering what to expect. Among 
our many priorities, we plan to attract new users to the iDAPT facilities, initiate a 
series of  textile computing projects, renovate space and purchase key tools for 
the CRANIA enterprise, qualitatively and quantitatively improve our collaborations 
and partnerships with clinical program partners, and hire new scientists. 

With pride and excitement, I welcome you to Research Day 2019! I sincerely 
hope you learn something new today while also making new friends and 
establishing connections with future collaborators.

Milos R. Popovic
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Associate Academic Director of Research 

Susan Jaglal
PhD, FCAHS

At Toronto Rehab we pride ourselves on our mission to solve problems and 
devise solutions that benefit people living with disabilities and their caregivers. 
It is something that sets us apart from other research institutes. 

Our organization is committed to providing an excellent environment for 
the academic and professional development of  our trainees and scientists. 
This means creating a culture where fully integrated teams with expertise 
in engineering, computer science, epidemiology, kinesiology, gerontology, 
medicine, nursing, psychology, rehabilitation and business can flourish. 
Research at TRI is conducted by 110 scientists and ~200 post-doctoral 
fellows and graduate students all of  whom belong to one of  11 teams. 

A key determinant of  success for an academic organization is career 
development. That’s why we are committed to mentorship and programs that 
support our junior scientists and trainees. The goal is to advise and provide 
resources and opportunities that enable our scientists and trainees to be 
integrative thinkers, innovative, productive, collegial, responsive and socially 
responsible. It is our expectation that our trainees and scientists will make 
an impact on several fronts. These include affecting policy changes, making 
new rehabilitation treatments available and through commercialization of  
our inventions. TRI Research Day is one of  the highlights of  the year and is 
a wonderful opportunity to showcase our research, spark new ideas and 
collaboration in our quest to develop solutions to prevent injury and illness, 
restore function and enable independence.

We are pleased to support several events at Research Day. Our trainees 
play an active role by participating in the “Minute Madness” sessions. This 
experience hones their communication skills and challenges them to explain 
why their research is important. Meanwhile, the Trainee Committee organizes 
a mentorship breakfast with TRI scientists. We also recognize the excellence 
and commitment of  our trainees with numerous awards. 

T R I  R E S E A R C H 
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This year in addition to our usual awards we are also grateful for the support 
of  the government of  Ontario who partnered with us to create the Focus on 
Accessibility Awards. These awards aim to inspire students to contribute to the 
creation of  a culture of  accessibility in Ontario by developing cost-effective, 
practical and innovative concepts, programs, initiatives and designs. 

Thank you to all the staff, trainees and scientists at Toronto Rehab who volunteer 
to make Research Day and our other Mentorship activities such a success. 
Your engagement and commitment to research excellence promotes a truly 
inspiring research culture. 

It has been an absolute pleasure to serve in this role at TRI. As I now transition 
into another position, I pass the torch to our new Associate Academic Director 
Dr. Jennifer Campos. Please join me in welcoming her into this role.

Susan Jaglal

T R I  R E S E A R C H 
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PROGRAM OF EVENTS

7:15 - 8:30 am Registration, 2nd floor, 89 Chestnut Street, Toronto ON M5G 1R1

7:30 - 8:15 am Trainee Breakfast (invitees only)

 INTRODUCTION

8:30 - 8:45 am Milos Popovic
 Institute Director, TRI-UHN
 Welcome and Future Directions of  TRI Research

8:45 - 8:50 am Brad Wouters
 Executive Vice President, Science & Research – UHN

8:50 - 8:55 am Kevin Smith
 President  & Chief  Executive Officer – UHN

8:55 - 9:05 am Jennifer Campos, Pia Kontos, Sukhvinder Kalsi-Ryan
 Snapshot – 2018

9:05 - 9:30 am Tony Chahine
 Chief  Executive Officer – Myant Inc.
 Keynote Speaker: “Flying High Against the Gathering Storm“

9:35 - 9:40 am FIT BREAK

9:45 - 10:30 am Introduction & Minute Madness – Prevent Injury & Illness Theme
 Tilak Dutta

10:30 - 10:50 am REFRESHMENT AND NETWORKING BREAK

10:50 - 11:30 am Introduction & Minute Madness – Restore Function Theme
 Cathy Craven

11:30 - 11:35 am FIT BREAK

11:40 - 12:05 pm Introduction & Minute Madness – Enable Independence Theme 
 Catriona Steele

12:05 - 12:20 pm Student Scholarship & Award Presentations
 • Focus on Accessibility Awards (5 Awards)
 • Geoff Fernie Impact Awards (3 Awards)
 • Joel Verwegen Award (2 Award)
 • Best Publication Awards (2 Awards)
 • TD Awards (2 Awards)
 • Unsung Hero Staff Recognition Award (1 Award)

12:20 - 1:30 am  LUNCH

1:30 - 3:00 pm Poster & Interactive Display Sessions 
 (Colony Ballroom, 2nd floor foyer, Giovanni Room)
 • Odd #s (1:30–2:15 pm)
 • Even #s (2:15–3:00 pm)

3:15 - 3:30 pm Research Day Awards – Presentations / Close of Research Day
 • Best Posters (Undergraduate, Master’s, Doctoral and Postdoctoral: 4 Awards)
 • Best Interactive Display (1 Award)
 • People’s Choice Award (1 Award)

T R I  R E S E A R C H 
D AY  2 0 1 9
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KEYNOTE SPEAKER – TONY CHAHINE
CEO, Myant Inc.

Flying High Against the Gathering Storm

There is a storm on the horizon, we can all see the signs – a steadily aging 
population suffering from more and more chronic diseases meeting a healthcare 
system coping with a growing shortfall of  healthcare professionals and long-term 
care infrastructure. But what can you, as healthcare professionals, do to “bust” 
this storm and support the sick and elderly to age in place? Myant has created 
the world’s first Textile Computing™ platform by knitting state-of-the-art biometric 
sensors and actuators into everyday clothing and fabrics. We need researchers 
and practitioners to think outside the box and help design new textile computing 
solutions that will consumerize healthcare and allow the sick and elderly to live 
longer, healthier and happier in the comfort of  their homes.

Tony Chahine is the president and founder of  Myant Inc, the world’s first 
end-to-end Textile Computing™ company based in Toronto, Canada. An 
entrepreneur since 1990, Tony has a keen eye for spotting disruptive business 
opportunities and improving people’s quality of  life. His successes include 
founding Battery Plus, growing the first innovative battery technology company 
into a national chain across North America with over 100 stores, and later 
acquiring Cotton Ginny, repositioning the company’s mandate to the production 
of  organic materials and promoting environmental sustainability.

Today, Tony is leading Myant toward the enrichment of  society by unifying 
the Internet of  People with the Internet of  Things. Myant is focusing on the 
development of  their SKIIN Textile Computing™ platform, the seamless 
integration of  powerful technology into everyday fashion and fabrics. By 
embedding biometric sensors and actuators into textiles, the SKIIN platform 
empowers the consumerization of  healthcare and the creation of  new, 
innovative solutions once thought impossible.

T R I  R E S E A R C H 
D AY  2 0 1 9
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POSTERS & INTERACTIVE DISPLAYS: 
TITLES & AUTHORS

PREVENT INJURY AND ILLNESS (1-33)

Research on this topic is about preventing the injury or illness 
from happening, and preventing episodes from recurring, following 
treatment.

1. Measuring Adverse Childhood Experiences and Its Effects on Recovery 

Post-Concussion

Allison Mah, Cristina Saverino, Leanne Rokos, Laura Langer, Tharshini Chandra, 
Paul Comper, Mark Bayley

2. Defining Patient Recovery from Concussion Requires Consideration of 

Multiple Criteria and Recovery Trajectories

Leanne Rokos, Cristina Saverino, Allison Mah, Laura Langer, Tharshini Chandra, 
Paul Comper, Mark Bayley  

3. Evaluating Vision Based Human Pose Estimation for Use in Gait 

Assessment of Older Adults with Dementia

Becky Ng, Babak Taati

4. Estimating Severity of Sleep Apnea based on Respiratory Movements

Maziar Hafezi, Nasim Montazeri, Kaiyin Zhu, Sina Akbarian, Azadeh Yadollahi, 
Babak Taati

5. Automated Pain Detection on Elder Individuals with Dementia

Babak Taati, Shun Zhao, Ahmed B Ashraf, Azin Asgarian, M Erin Browne, 
Ken Prkachin, Alex Mihailidis, Thomas Hadjistavropoulos

6. Predicting Agitation and Aggression in People Living with Dementia

Sofija Spasojevic, Shehroz S Khan, Andrea Iaboni, Kristine Newman, Angel H 
Wang, Bing Ye, Alex Mihailidis

7. Predictors of Impairments and Hospitalization in an Advanced MS 

Population

Laura Langer, Tania Bruno, Artee Srivastava, Mark Bayley

T R I  R E S E A R C H 
D AY  2 0 1 9
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PREVENT INJURY AND ILLNESS (1-33)

8. Validation of a Modified Sleep Questionnaire in Exercise Rehabilitation 

Patients

Sophie K Wong, Jessica Colby-Milley, Ernesto Ramos, Doyoung Kim, Emily Tran, 
Tino Topic, Hugo Cogo-Moreira, Mark Boulos, Krista Lanctot, Nathan Herrman, 
Paul Oh, Jaan Reitav, Walter Swardfager
 
9. Impact of 12 Week Structured Health Behaviour Intervention Program 

on Physical Activity, Smoking, Nutrition & Alcohol Consumption: 

ACCELERATION Study

Jessica Nooyen, Tahsinul Anam, Mohammad Alavinia, Paul Oh

10. Measuring Minimum Foot Clearance on Outdoor Walkways

Ghazaleh Delfi, Megan Kamachi, Jose Diaz Beltran, Tilak Dutta

11. Aging, Hearing, and Balance: Characterizing the Link between Hearing 

Loss and Vestibular Sensitivity

Grace Gabriel, Joshua Gnanasegaram, Laurence Harris, Sharon Cushing, Karen 
Gordon, M. Kathleen Pichora-Fuller, Bruce Haycock, Jennifer Campos

12.  Personal Support Worker Fall Prevention Using Slip-Resistant Footwear

Jose Diaz Beltran, Zahra Bagheri, Paul Holyoke, Tilak Dutta

13. Four Shades of Gray: Understanding the Effect of Visual Contrast on 

Step Edges to Improve Safety

Marko Bjelica, Iris C Levine, Alison C Novak

14. Training Caregivers to Prevent Back Injuries Using PostureCoach Lite

Megan Kamachi, Mohammadhasan Owlia, Tilak Dutta 

15. Slip Resistance Evaluation of Winter Footwear based on Estimating the 

Probability of Slipping

Norman Huynh, Atena Roshan Fekr, Geoff Fernie

16. Pressure Injury Prevention: Detecting the Need for Patient Repositioning

Sharon Gabison, Gordon Wong, Elham Dolatabadi, Gary Evans, Pamela Holliday, 
Hisham Alshaer, Geoff Fernie, Tilak Dutta

17. Evaluation of Ice and Snow Melting Process on Conventional and 

Permeable Pavements

Henry Huang, Norman Huynh, Pouya Ahmadian, Sanja Hulec, TIlak Dutta, Atena 
Roshan Fekr, Geoff Fernie
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PREVENT INJURY AND ILLNESS (1-33)

18. The Effects of Virtual Reality-Induced Threat on Performance of a 

Walking Balance Task

Amir Boroomand-Tehrani, Andrew Huntley, David Jagroop, Jennifer Campos, 
Kara Patterson, Luc Tremblay, Avril Mansfield

19. Administrators’ Perspectives on the Factors Influencing Fall 

Prevention for Patients with Spinal Cord Injury in Canadian Rehabilitation 

Hospitals

Hardeep Singh, Beverly Craven, Heather Flett, Chelsey Kerry, Susan Jaglal, 
Michelle Silver, Kristin Musselman
 
20. Characterization of Compensatory Stepping for Balance Recovery in 

Response to Falling

Jaeeun Yoo, Matthew Hefferman, Jae Woung Lee, Katherine Chan, Janelle Unger, 
Kristin Musselman, Kei Masani

21. The Effects of Whole Body Vibration Therapy on Reducing Fat Mass in 

the Adult General Population, A Systematic Review and Meta-Analysis

Maryam Omidvar, Mohammad Alavinia, B. Catharine Craven

22. Examining the Longitudinal Changes in Trabecular vBMD in Individuals 

with a Chronic SCI

Rasha El-Kotob, B. Catharine Craven, Lehana Thabane, Alexandra Papaioannou, 
Jonathan D. Adachi, Lora M. Giangregorio

23. The Problem with No Solution? Exploring Unwanted Sexual Attention in 

Residential Long-Term Care

Alisa Grigorovich, Pia Kontos

24. Soundscape and Dementia

Arezoo Talebzadeh, Andrea Iaboni

25. Bio-Impedance Measurement using Textile-Based Electrodes

Bryan Piper, Bojan Gavrilovic, Azadeh Yadollahi

26. Effects of Preventing Fluid Retention in the Legs on Lower Airway 

Narrowing in Asthma

Cristina O Francisco, Swati A Bhatawadekar, Joseph Makanjuola, Susan M Tarlo, 
Matthew B Stanbrook, Mark Inman, Azadeh Yadollahi

27. Investigating the Effect of Mandibular Advancement Devices on Snoring 

in Obstructive Sleep Apnea Patients

Grant Gruenspan, Shumit Saha, Muammar Kabir, Tina Meisami, Azadeh Yadollahi
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PREVENT INJURY AND ILLNESS (1-33)

28. Acoustic Analysis of Heart Sounds to Estimate Blood Pressure

Muammar Kabir, Xiaoshu Cao, Shumit Saha, Cristina Francisco, Nasim Montazeri, 
Bojan Gavrilovic, Azadeh Yadollahi

29. Event by Event Detection of Respiratory Events in Patients with Sleep 

Apnea

Shumit Saha, Muammar Kabir, Nasim Montazeri, Bojan Gavrilovic, Kaiyin Zhu, 
Azadeh Yadollahi

30. Airway Protection and Swallowing Safety in Amyotrophic Lateral 

Sclerosis

Ashley Waito, Carly Barbon, Jen Chapin, Kelby Magennis, Raele Robison, Sana 
Smaoui, Lauren Tabor, Teresa Valenzano, Emily Plowman, Catriona Steele

31. Making Methods of Testing Liquid Thickness Accessible for People with 

Dysphagia

Carly EA Barbon, Brittany T Guida, Catriona M Steele

32. Using the ASPEKT Method to Characterize Healthy Swallowing

Catriona M Steele, Carly EA Barbon, Sana Smaoui, Ashley A Waito, Renata 
Mancopes, Emily Barrett, Melanie Peladeau-Pigeon

33. Smell and Concussion: Examining Olfactory Function Post-Injury

Evan Foster, Mark Bayley, Tharshini Chandra, Claire Barnard, Paul Comper
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POSTERS & INTERACTIVE DISPLAYS: 
TITLES & AUTHORS

RESTORE FUNCTION (34-71)

Research on this topic is about restoring function to those who 
have had an injury or illness. New techniques are showing 
promise with both acute and chronic injuries. One important 
aim is to develop ways of treating more people in their own 
homes and reducing time spent in hospital.

34. Gender-Related Healthcare Experiences of Women with Traumatic Brain 

Injury

Alexis Fabricius, Andrea D’Souza, Vanessa Amodio, Halina Haag, Heather 
Colquhoun, John Lewko, Enrico Quilico, Richard Riopelle, Patrick Archambault, 
Angela Colantonio, Tatyana Mollayeva

35. Gender-Related Healthcare Experiences of Men with Traumatic Brain 

Injury

Andrea D’Souza, Alexis Fabricius, Vanessa Amodio, Halina Haag, Heather 
Colquhoun, John Lewko, Enrico Quilico, Richard Riopelle, Patrick Archambault, 
Angela Colantonio, Tatyana Mollayeva

36. Sex and Gender: Knowledge and Educational Needs of Patients with 

Acute Traumatic Brain Injury

Caterina Bordignon, Maryam Ishtiaq, Vanessa Amodio, Angela Colantonio, 
Tatyana Mollayeva

37. Sex/Gender Information Uptake by Men and Women at the Chronic 

Phase of Traumatic Brain Injury 

Maryam Ishtiaq, Caterina Bordignon, Vanessa Amodio, Angela Colantonio, 
Tatyana Mollayeva

38. Constructing Sex- and Gender-Based Interviews for Men and Women 

with Traumatic Brain Injury (TBI)

Vanessa Amodio, Andrea D’Souza, Alexis Fabricius, Halina Haag, Heather 
Colquhoun, John Lewko, Enrico Quilico, Richard Riopelle, Patrick Archambault, 
Angela Colantonio, Tatyana Mollayeva

T R I  R E S E A R C H 
D AY  2 0 1 9
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RESTORE FUNCTION (34-71)

39. Examining the Measurement of Quality in Healthcare using Artificial 

Intelligence Methods: A Study of Quality in Long-Term Care 

Pouria Mashouri, Babak Taati, Andrea Iaboni

40. Post-Recovery Cognitive Decline in Adults with Traumatic Brain Injury

Alana Changoor, Marika Dabek, Brenda Colella, Robin Green

41. Scale and Pattern of Atrophy in the Chronic Stages of Moderate-Severe 

Traumatic Brain Injury

Alana Changoor, Brenda Colella, Joanna Glazer, David Mikulis, Georges Monette, 
Robin Green

42. Telephone-Delivered Cognitive Behaviour Therapy for Treating Mood 

Disturbances in Post-Concussion Syndrome Patients

Isis So, Bojana Budisin, Alana Changoor, Michelle Panozo, Lesley Ruttan, 
Carmela Tartaglia, Charles Tator, Robin Green

43. Development of the Telerehab Centre for Acquired  Brain Injury: 

An Integrated Approach to Research and Care

Mary Boulos, Brenda Colella, Liesel-Ann Meusel, Mark Bayley, Joanne Zee, 
Lesley Ruttan, Marika Dabek, Lillian Miguel-Jaimes, Michelle Panozo, Robin 
Green

44. The Effectiveness of Progressive Aerobic Interval Training in Cardiac 

Rehabilitation

Leanna Lee, Ming-Chang Tsai, Paul Oh, Dina Brooks

45. On the Accuracy of Face Alignment in Patients with Neurological 

Diseases

Andrea Bandini, Babak Taati, Derrick Lim, Madhura Kulkami, Calahan 
Janik-Jones, Christal Chan, Yana Yunusova

46. Language and Memory Features of Autobiographical Narratives of 

Semantic Variant Primary Progressive Aphasia

Bruna Seixas Lima, Brian Levine, Naida L Graham, Carol Leonard, David 
Tang-Wai, Sandra Black, Elizabeth Rochon

47. Longitudinal Evidence for Choir Training as an Intervention to Improve 

Older Adults’ Speech Perception in Noise

Emily Wood, Ella Dubinsky, Frank A Russo
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RESTORE FUNCTION (34-71)

48. Functional Near-Infrared Spectroscopy as a Measure of Listening Effort

Joseph Rovetti, Huiwen Goy, Frank Russo

49. Characterizing Post-Concussion Gait in the General Population: 

A Preliminary Evaluation

Jessica Mendonca, Kevin Jeyendran, Hannah Hakes, Alana Coutts, Olinda Habib 
Perez, Michelle Sweeny, Evan Foster, Tharshini Chandra, George Mochizuki, Paul 
Comper, Mark Bayley, Cynthia Danells, Elizabeth L Inness

50. Beat Perception and Production Abilities Affect Responsiveness 

of Temporal Gait Asymmetry to Rhythmic Auditory Stimulation Following 

Stroke

Lucas D Crosby, Jennifer S Wong, Jessica Grahn, Joyce L Chen, Dina Brooks, 
Kara K Patterson

51. The Effect of Prolonged Bed Rest on Balance in Healthy Adults: 

A Systematic Review

Tyler Saumur, Sarah Gregor, George Mochizuki, Avril Mansfield, Sunita Mathur

52. Automatic Segmentation and Three-Dimensional Reconstruction of 

Fascicles in Peripheral Nerves

Daniel Tovbis, Anne Agur, Jeremy Mogk, Jose Zariffa

53. Evaluating the Efficacy of a Novel Therapeutic Tool for Standing 

Balance: A Case Study

David Houston, Jae Lee, Emerson Grabke, Jaeeun Yoo, Janelle Unger, 
Kei Masani, Kristin Musselman

54. Able-Bodied Validation of a Standing Rehab System with FES & VFT

Emerson P Grabke, Christoper Apostoli, Kelvin Chow, Jae W Lee, Jaeeun Yoo, 
Jan Andrysek, Kristin E Musselman, Kei Masani

55. Preliminary Results on the Perspectives of People with Incomplete 

Spinal Cord Injuries in a Novel Balance Training Program 
Janelle Unger, Hardeep Singh, Kei Masani, B Catharine Craven, Avril Mansfield, 
Kristin E Musselman

56. Reorganization of Primary Motor Cortex in Paralympic Athletes

Kento Nakagawa, Kei Masani, Kimitaka Nakazawa
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RESTORE FUNCTION (34-71)

57. Automatic Configuration of a BCI-triggered Neuroprosthesis for 

Grasping

Lazar I Jovanovic, Ryan Koh, Jirapat LIkitlersuang, Xinyi Gong, Isabel Bolivar-
Telleria, Matthew Myers, Milos R Popovic, Jose Zariffa, Cesar Marquez-Chin

58. Validation of Hand Joint Estimation in Egocentric Video Using OpenPose

Mehdy Dousty, Ryan Visee, Jose Zariffa

59. Designing a Functional Electrical Stimulation Rowing Exercise 
Pirashanth Theventhiran, Thomas Nguyen, Kei Masani

60. Discriminating Naturally Evoked Compound Action Potentials from 

Nerve Cuff Recordings with Convolutional Neural Networks

Ryan Koh, Adrian Hachman, Jose Zariffa

61. Computational Study on Spatially Distributed Sequential Stimulation for 

Fatigue Resistant Neuromuscular Electrical Stimulation

Silviu Agotici, Rishi Raghuram, Pranshu Malik, Kei Masani, Paul B Yoo

62. Knowledge to Action: Managing Stress Urinary Incontinence in Women, 

a Research Protocol

Stephanie Scodras, Susan B Jaglal, Nancy M Salbach

63. Are Different Hippocampal-Dependent Abilities Related? Comparing 

Pattern Completion/Separation and Spatial Navigation

Adina Levi, Zorry Belchev, Gary R Turner, Robin Green, Asaf  Gilboa

64. The Impact of Fatigue on EEG-Based Brain-Computer Interface (BCI) 

Applications for Post-Stroke Rehabilitation

Jacob Manuel, Ning Jiang, Jennifer Boger, Deborah Hebert, Shoja’eddin
Chenouri

65. The Effects of High-Intensity Interval Training on Type 2 Diabetes: 

A Study Protocol

Lilian Pinto da Silva, Laura Banks, Scott Thomas, Paul Oh

66. Influence of Simulated Obstructive Sleep Apnea on Thoracic Fluid 

Volume and Airways Resistance in Healthy Subjects

Caren Cao, T Douglas Bradley, Swati Bhatawadekar, Bojan Gavrilovic, Shumit 
Saha, Cristina O Francisco, Azadeh Yadollahi
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RESTORE FUNCTION (34-71)

67. Determination of Respiratory Rate from Acoustic Signals During 

Exercise

Qi Zhang, Cristina de Oliveira Francisco, Muammar Kabir, Jing Zhang, Nasim 
Montazeri, Shahram Kharabian, Azadeh Yadollahi

68. Vision-Based Detection of Head and Body Positions during Sleep

Sina Akbarian, Ghazaleh Delfi, Kaiyin Zhu, Nasim Montazeri, Maziar Hafezi, 
Azadey Yadollahi, Babak Taati

69. Effects of Expiratory Muscle Training on Swallowing: a Systematic 

Review

Renata Mancopes, Sana Smaoui, Catriona M Steele

70. The Relationship between Tongue Pressure Generation and Time of 

Laryngeal Vestibule Closure in Healthy Adults

Sana Smaoui, Carly Barbon, B Guida, A Namasivayam-MacDonal, 
M Peladeau-Pigeon, M Tapson, T J Valenzano, A Waito, T Wolkin, Catrionia Steele

71. Design and Evaluation of Virtual Reality Exergames for People Living 

with Dementia

Mahzar Eisapour, Shi Cao, Jennifer Boger
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POSTERS & INTERACTIVE DISPLAYS: 
TITLES & AUTHORS

ENABLE INDEPENDENCE (72-95)

Advances in medicine have been extending the average life 
span into the 80s. As we continue to increase longevity, it is 
important to also maintain and improve the quality of that life. 
People like to live at home and we work towards enabling that 
goal by providing innovations to support aging-in-place without 
placing undue financial, time, psychological and physical 
stress on family caregivers.

72. Comorbidity in Traumatic Brain Injury and Functional Outcomes: 

A Systematic Review

Sara Hanafy, Chen Xiong, Vincy Chan, Zheng Jing Hu, Mitchell Sutton, Michael 
Escobar, Angela Colantonio, Tatyana Mollayeva

73. Muscle and Robot Therapy

Aaron Yurkewich, Debbie Hebert, Rosalie Wang, Alex Mihailidis

74. Analyzing Mobility Patterns of Older Adults with Dementia using GPS 

Technology

Sayeh Bayat, Gary Naglie, Mark J Rapoport, Bing Ye, Elaine Stasiulis, Alex 
Mihailidis

75. Identifying the Factors Influencing Older Adults’ Perceptions of Fully 

Automated Vehicles

Shabnam Haghzare, Jennifer Campos, Alex Mihailidis

76. Mild Cognitive Impairment (MCI) @ Work- Digital Tool

Sheida Marashi, Jennifer Boger, Arlene Astell, Ann-Charlotte Nedlund, Katja 
Karjalainen, Louise Nygard

77. Circulating Osteocalcin and Verbal Memory Performance in People with 

Type 2 Diabetes Mellitus

Lina Darwish, Jasmine Carter, Kim S Sugamori, Paul I Oh, Jane Mitchell, Walter 
Swardfager

T R I  R E S E A R C H 
D AY  2 0 1 9
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ENABLE INDEPENDENCE (72-95)

78. Rub-A-Dub-Dub, Three Interventions in a Tub

Konika Nirmalanathan, Rebecca M Greene, Philippa C Gosine, Iris C Levine, 
Alison C Novak

79. Pattern of Rollator Use in the Elderly 
Ivan Solano, Karen Van Ooteghem, Jagadish Rangrej, William McIlroy

80. Structuring a Dance Program for People with Stroke

Sarah Gregor, Aaron Wallace, Hilary Walsh, Julie Vaughan-Graham, Kara K 
Patterson

81. VIP-4-SCI: A Virtual Platform Enhancing Access to Care Plus Peer and 

Community Support

Chip Rowan, Matheus Wiest, Stuart Howe, Courtney Cole, Mark Bayley, 
Cathy Craven

82. The Ankle and Hip Joint Control during Quiet Standing for Individuals 

with Incomplete Spinal Cord Injury

Jae W Lee, Jaeeun Yoo, Katherine Chan, Janelle Unger, Kristin Musselman, 
Kei Masani

83. Determining Muscle Activation based on Joint Torque

Kai Lon Fok, Daichi Nozaki, Kei Masani

84. Comparing Discomfort and Preference between Two FES Stimulators

Martha G Garcia-Garcia, Lazar Jovanovic, Austin J Bergquist, Milos R Popovic

85. Validating National Priorities to Inform Ontario Provincial Deployment of  

SCI Rehab Indicators: SCI-High Stakeholder Consultation Report

Matheus Wiest, Mohammad Alavinia, Farnoosh Farahani, Heather Flett, Sander 
Hitzig, Mark Bayley, Cathy Craven

86. Co-creating Engagement Practices with Older Adults: OA-INVOLVE

Romeo Colobong, Jennifer Diep, Janet Fowler, Ian Goldman, Bessie Harris, 
Trudie Helmke, Winnie Houston, Susan Kirkland, Pia Kontos, Carole LIdstone, 
Kieran O’Doherty, Izabela Panek, Judith Sixsmith, Oriana Vaccarino, Sue Woods

87. Zero-Effort Technology for Cardiac Vitals Monitoring based on BCG 

Acquisition from a Seat Cushion

Ahmed Raza Malik, Laurel Pilon, Jennifer Boger
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ENABLE INDEPENDENCE (72-95)

88. CARE-RATE: Incorporating Trust into Interface Design for Caregivers

Amir Mehdi Shamsi, Thana Hussein, Frank Rudzicz, Jennifer Boger

89. Using Wrist Temperature to Monitor Circadian Rhythm and Sleep

Jing Wei, Jennifer Boger

90. Determining Needs for Technology for Supporting People Living with 

Early-Onset Dementia at Work through UX Design

Karan Shastri, Jennifer Boger, Arlene Astel, Ann-Charlotte Nedlund, Katja 
Karjalainen, Anna Maki-Petaja-Leinonen, Louise Nygard

91. EMBODY – Experiencing Dementia through New Media

Kristine Newman, Aleksis Penna, Kennan Mathura, Akos Katona, Jacky Au 
Duong, Lori Schindel Martin, Jennifer Lapum, Hilary Tang, Angel He Wang, 
Shehroz Khan, Bing Ye

92. Examining Referral Pathways to Exercise Programs for Older Adults

Kyla Alsbury, Susan B Jaglal, Nancy M Salbach

93. Effective and Efficient Hand Detection in Egocentric Videos

Ryan Visee, Jirapat Likitlersuang, Jose Zariffa

94. The Costly Need for Home Care for Individuals with Spinal Cord Injury

Brian Chan, Jose Zariffa, Sukhvinder Kalsi-Ryan, Catharine Craven

95. The Preliminary Testing of a Remotely Delivered, Self-administered 

Traumatic Brain Injury Memory Intervention

Priyank Prince Yogarajah, Tom Worthington, Zorry Belchev, Mary Boulos, 
Brenda Colella, Kadeen Johns, Adina Levi, Alana Changoor, Lauren Chee, Nick 
DiGenova, Taha Arshad, Sonia Persaud, Taylor Green, Laxan Premachandran, 
Asaf  Gilboa, Robin Green
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TEAMS

Toronto Rehabilitation Institute’s 11 research teams include 
110 scientists with appointments at the University of Toronto, 
McMaster, Guelph, York, Ryerson, Waterloo, Wilfrid Laurier 
and other leading academic institutions. Our investigators 
bring a rich and diverse mix of academic, technical and 
clinical experience. They collaborate in a multidisciplinary 
environment where engineers, clinicians, social scientists 
and psychologists work closely together.

Our 150+ graduate students and postdoctoral fellows are 
members of  at least one of  these 11 teams that provide them with 
mentorship, networking and collaboration opportunities. Alums
of  Toronto Rehab credit our multidisciplinary environment for their 
success when they graduate.

T R I  R E S E A R C H 
D AY  2 0 1 9
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TEAMS

ACQUIRED BRAIN INJURY & SOCIETY

Team Leader: Dr. Angela Colantonio

The Acquired Brain Injury (ABI) & Society team is a global leader in 
interdisciplinary research and knowledge exchange that addresses the 
intersection of  brain injury and social variables, such as gender, socioeconomic 
status, workplace cultures, and exposure to violence. Much of  their research 
explores the impact of  brain injury on marginalized populations. They are 
developing innovative strategies to improve outcomes beyond health indicators, 
such as employment and social participation, which integrate personal and 
systemic factors with the latest scientific evidence.
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TEAMS

ARTIFICIAL INTELLIGENCE & ROBOTICS IN REHAB (AIRR)

Team Leader: Dr. Alex Mihailidis

The objective of  the AI & Robotics in Rehab (AIRR) team is to develop tools 
that can support the roles and practices of  caregivers and clinicians to deliver 
safe and effective patient care using cutting-edge technologies. The team has 
particular expertise in selecting, developing and deploying technologies that 
allow delivery of  this care anywhere and at any time, whether in a hospital, clinic, 
or in the home. Applying techniques and algorithms from the fields of  artificial 
intelligence, robotics, computer vision, and pervasive computing, the AIRR team 
helps older adults and individuals with disabilities live more independently.
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TEAMS

BRAIN DISCOVERY & RECOVERY

Team Leader: Dr. Robin Green

The Brain Discovery & Recovery (BDR) team focuses on the >36,000 Canadians 
with enduring effects of  traumatic brain injury, effects that can be debilitating and 
life-long. This team has been at the forefront of  research that re-conceptualizes 
moderate-severe TBI as a chronic and progressive disease process rather than 
a one-time event. 
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TEAMS

BRAIN DISCOVERY & RECOVERY

Restoring Function: The BDR team has been translating their basic research 
findings (new brain biomarkers and novel causes of  brain decline) into 
evidence-based treatments designed to restore brain structure and function, 
and to ameliorate cognitive and emotional functioning. 

Enable Independence: By improving the brain and behaviour, these treatments 
are designed to help people to get back to more independent lives – back to 
school, work and an enjoyable social life. 

Optimize the Rehabilitation System: The BDR team has created a provincial 
research centre for chronic traumatic brain injury in order to speed up scientific 
discovery, while scaling up delivery of  care province-wide. The centre‘s dual-
purpose approach allows for delivery of  treatment to patients through their 
participation in research, and it fills critical gaps in research and care in chronic 
TBI. The centre employs teletherapies developed by the team that can be 
delivered remotely to patients in their own homes, helping to maximize reach 
and scaleability.  



27T R I  R E S E A R C H 
D AY  2 0 1 9

TEAMS

CARDIORESPIRATORY FITNESS

Team Leader: Dr. Paul Oh

The Cardiorespiratory Team is a cohesive blend of  scientists and trainees from 
multiple disciplines who are focused on the primary goal of  prevention and better 
management of  cardiovascular disease. Our three pillars of  research are:

1. Optimization of exercise and health behavioural models: 
This area includes the investigation of  rehabilitation programs for people with 
cardiovascular disease, but also for several chronic disease populations (e.g., 
stroke, diabetes and cancer) that have become increasingly more complex and 
pervasive. Building on our long tradition of  research into exercise models, we are 
examining innovative higher intensity exercise for vulnerable populations and the 
effects of  exercise on fitness, function and physiology. The team also addresses 
access and barriers to cardiac rehabilitation, with particular emphasis on sex-
related differences. Novel behavioural supports including use of  financial health 
incentives, peer support, technology and music to promote long-term adherence 
are being explored. The brain-heart connection is another important focus with 
respect to cognitive function, mood, stress and sleep in chronic disease 
populations.



28T R I  R E S E A R C H 
D AY  2 0 1 9

TEAMS

CARDIORESPIRATORY FITNESS

2. Patient education with the goal of  behaviour change: We have developed 
a systematic process for the assessment of  patient knowledge, design and 
delivery of  therapeutic education, and quantification of  subsequent behavior 
change and health outcomes. An important aspect of  this theme addresses 
needs in multicultural communities close to home and around the world.

3. Impact into global communities: Our program has been providing 
leadership with the international cardiac rehab community, especially when it 
comes to sharing resources and spearheading collaborative research with 
low- and middle-income countries around the world. Measurement of  our impact 
on patient outcomes and cardiovascular health services utilization is another 
important focus.
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TEAMS

COMMUNICATION

Team Leader: Dr. Yana Yunusova

The Communication Team undertakes research to restore speech, language and 
cognitive abilities and enable independence through improved communication 
in individuals living with dementia, stroke, traumatic brain injury, and Parkinson’s 
disease. The team members are developing novel therapies to improve naming in 
those with aphasia, and speech articulation skills and emotional communication 
in those with Parkinson‘s disease. They are developing means to maximize 
communication between individuals with dementia and their caregivers (human 
and robotic). The team members also enable independent living for those with 
age-related hearing loss by improving the design of  hearing aids and their 
acceptability. The members of  the team improve our rehabilitation system by 
participating in large country and province-wide initiatives focused on successful 
aging and quality of  life through improved communication.
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TEAMS

HOME, COMMUNITY & INSTITUTIONAL ENVIRONMENTS

Team Leader: Dr. Tilak Dutta

The Home, Community and Institutional Environments Team develops 
technologies to help older adults and individuals with disabilities live more safely 
and independently by preventing falls and ensuring safe mobility. They also 
develop technologies to prevent the spread of  infection and to help caregivers 
avoid back injuries. The team implements their goals by bringing successful 
new products to the market, making important changes to policy and introducing 
new therapies to clinical practice. 
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TEAMS

MOBILITY

Team Leader: Dr. Mark Bayley

This team strives to optimize mobility using a two-pronged approach: 
• preventing loss of  mobility with exercise and innovative interventions; and 
• restoring mobility to those who have experienced a decrease, whether
 gradually due to aging, or rapidly after a stroke, brain injury, fall, or other 
 life-altering event.   

Team members have expertise in the study and treatment of  human movement 
(kinesiologists and physiotherapists), structure and design (engineers), 
and medicine (physicians and nurses). They are a talented and caring unit of  
transdisciplinary researchers, learning the skills and perspectives of  team 
members outside their primary discipline to become uniquely capable forces 
within the health care system. To achieve their goals they are developing 
predictive models to identify those most at risk of  falls. They then develop and 
evaluate interventions to target fall prevention and thus ensure people avoid 
the need to enter a rehab hospital. They also research, design and test novel 
therapies and rehab paradigms to boost rate of  recovery through intensified 
exercises. They also provide strategies to ensure people with mobility 
impairments continue to maintain their physical activity after discharge, enabling 
their independence from formal rehab and reducing the burden on the health 
care system. They are interested in using new technology to measure mobility 
in the community as well to ensure sustainability of  benefits. Their research has 
broad importance in geriatric, neuro-, and pulmonary rehabilitation. 
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TEAMS

NEURAL ENGINEERING & THERAPEUTICS

Team Leader: Dr. Cathy Craven

The Neural Engineering and Therapeutics (NET) Team is primarily focused 
on translational research to advance understanding of  neurological recovery, 
neurorehabilitation, and quality of  life for individuals with spinal cord injury (SCI). 
Since its inception, the team has been developing neuroprosthetic systems and 
assistive technologies, neurorehabilitation tools and interventions, and clinical 
assessment tools for individuals with SCI and other neurologic impairments. 
Most of  NET Team’s current interventions have potential for immediate clinical 
application within five years. Besides developing therapies, assessment, and 
new practices, the NET Team has evaluated the impact of  these interventions on 
patients and their families.
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TEAMS

OPTIMIZE

Team Leader: Dr. Kathy McGilton

The goal of  Team Optimize research is to prevent cognitive and functional 
decline of  persons requiring rehabilitation by focusing on restoring function and 
enabling independence for adults through the optimization of  the health care 
system and the home environment. The results of  their research will lead to 1) 
maintaining or improving the ability of  patients to function independently, 2) 
improving health-related quality of  life, and, 3) reduce unnecessary service 
utilization and associated costs. 

The researchers within this team understand that individuals with these complex 
conditions require an interdisciplinary solution to their care and deserve access 
to rehabilitation care; they create solutions to improve outcomes such as: 
a clinic for older adults with complex conditions who have genitourinary cancer, 
increasing exercise among hemodialysis patients and their caregivers, patient-
centred rehabilitation models for persons with cognitive impairment, drama-
based interventions to address the stigma of  dementia and interprofessional 
clinics using telemedicine focused on chronic pain management. Their 
research strives to create the most effective health care systems, programs 
and approaches to caring for patients with complex (i.e. mental, physical, 
cognitive and social) conditions.   
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TEAMS

SLEEP SCIENCE

Team Leader: Dr. Owen Lyons

The Sleep Science Team aims to enhance management of  sleep disordered 
breathing by increasing access to diagnosis, improving our understanding of  the 
causes of  airway narrowing during sleep, and developing new therapies. Early 
diagnosis of  a breathing disorder during sleep (such as sleep apnea) allows for 
treatment in a timely manner, improving sleep quality, and preventing poor health 
outcomes associated with untreated sleep apnea. BresoDx is a home sleep 
apnea testing device that removes barriers to diagnosis; it has received Health 
Canada Approval and European Commission CE Mark as a medical 
device. Future generations of  the device are in development. 

The team has developed a new laboratory at Toronto Rehab: SleepdB is a 
sound-proof  laboratory that is now supporting our full spectrum of  research, 
from basic science to prototype development. This basic science research has 
already made novel observations on the pathogenesis of  airway narrowing 
during sleep. This will lead to new treatments for sleep disordered breathing 
and help to restore function in patients with comorbidities by reducing fluid shift 
and its pernicious effects. 
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TEAMS

SLEEP SCIENCE

The team’s clinical research has led to a greater understanding of  the 
pathogenesis of  sleep apnea in various at-risk patient populations such as 
heart disease, renal disease and stroke. This is facilitating the development of  
innovative clinical pathways and novel therapies for sleep apnea in these 
at-risk patients with a view to reducing morbidity and improving quality of  life.
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TEAMS

SWALLOWING SCIENCE

Team Leader: Dr. Catriona Steele

The Swallowing Science Team consists of  a multidisciplinary group of  
researchers including speech-language pathologists and engineers whose goal 
is to optimize outcomes for individuals with swallowing impairment. They study 
methods to restore optimal swallowing function by tailoring interventions to 
the specific mechanisms underlying swallowing impairment. There are several 
foci of  research for this team: tongue function; viscosity and texture modification; 
swallowing accelerometry; treatment studies; and nutrition.
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AWARDS
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019

The Government of Ontario partnered with the Toronto 
Rehabilitation Institute to create the Focus on Accessibility 
Awards. We are pleased to present the winners who are 
contributing to the creation of a culture of accessibility in 
Ontario by developing cost-effective, practical and innovative 
concepts, programs, initiatives or designs that address every 
day accessibility issues and improve the quality of life. Each 
winner receives $2,000 and will soon be featured in a short 
video that highlights their work.
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019 

Konika Nirmalanathan
Bathing/Grab bars

Konika Nirmalanathan is a 2nd year Master’s student, an AGE-WELL trainee, 
and OSOTF awardee. Since joining TRI as an undergraduate student, Konika 
has worked to advance evidence-based built environment design standards that 
support healthy and accessible living for older adults and persons with mobility 
or sensory impairments; this is evidenced by her involvement in research (and 
the subsequent publications) related to handrail design to support balance and 
research related to understanding barriers to safe outdoor mobility for persons 
with visual and auditory impairment. Through her Masters research, Konika is 
providing important evidence to guide clinical and policy decisions related to 
the design of  a safer and more accessible home for Canadians that will allow 
individuals to age-in-place successfully. Difficulty with bathing  is one of  the 
primary reasons for individuals to require assistance or move to long-term care. 
This research is an important step toward filling knowledge gaps, advocating for 
changes to environmental codes and standards to support safe, independent 
bathing.

ADJUDICATION COMMITTEE COMMENTS 
The committee noted that Konika has demonstrated a strong interest 
in research to improve accessibility. Her submission described very 
important work to improve accessibility and safety of  bathrooms where 
accidents are frequent. Konica’s research will have impact on Canada’s 
building codes and in the development of  senior housing – it has real-
world applications.
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019 

Mahzar Eisapour
VR-rehab

Mahzar began her MASc in April 2017 and spent considerable time 
engaging with therapists and people with dementia to identify opportunities 
for encouraging exercise using virtual reality games. During her MASc, Mahzar 
created, refined and evaluated custom-built virtual reality exergames for older 
adults with dementia. Her focus was to make the games engaging, enjoyable, 
and accessible for people with a wide range of  physical and cognitive abilities; 
she tested prototypes with people having moderate dementia. She was 
mindful of  creating a system that not only achieved the intended exercise goals, 
but could be implemented in long-term care and assisted living environments. 
Mahzar’s passion for user-centered design enabled her to successfully and 
systematically collaborate closely with computer scientists, exercise therapists, 
and people living with dementia to truly focus on real-world problems and 
applications. Throughout her thesis work, Mahzar has proven herself  to be 
an accomplished and resourceful researcher who is able to translate design 
requirements into high-calibre software applications. Her rare combination of  
technical and social skills makes her exceptionally versatile, well-rounded, 
and adept at usable and useful interface design and development. This is 
reflected in her multiple conference publications to date, including presenting 
at CHI 2018. Mahzar’s exceptional research productivity, positive work ethic, 
commitment to professional development, and the impact of  her work makes her 
a natural choice for this award. 

ADJUDICATION COMMITTEE COMMENTS 
The world shrinks for people with dementia. The need for physical and 
cognitive exercise that is stimulating and effective is well-established. 
Mahzar works with patients to design VR exercises that incorporate their 
feedback and is creating opportunities for this population to experience 
new activities and make their exercise meaningful both physically and 
cognitively. The committee viewed this work as very exciting and practical.
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019 

Carly Barbon
IDDSI (Flow Test)

Dysphagia (swallowing impairment) is estimated to affect 8% of  the world’s 
population and is increasingly common in older people with neurological 
diseases. Every time that a person with dysphagia swallows, they are at risk for 
aspiration of  material into the airway. With drinks, airway invasion represents 
a risk for pneumonia and with foods, this represents a risk for choking and death. 
In the clinical management of  dysphagia, modification of  food and liquid 
consistency is the most common method of  intervention. 

Toronto Rehabilitation Institute doctoral candidate Carly Barbon has been 
heavily involved in testing liquid consistencies using the International 
Dysphagia Diet Standardisation Initiative (IDDSI) Flow Test. Her work has 
included the development of  blogs and webinars for clinicians, caregivers and 
kitchen staff demonstrating how to perform the test. Her research has confirmed 
that the IDDSI Flow Test can detect important features of  liquid consistency, 
including changes over time or due to changes in temperature. A particularly 
exciting aspect of  Carly’s research has been the testing of  barium liquids that 
are used in the radiological assessment of  swallowing function. This assessment 
is widely considered the gold standard for determining the liquid and food 
consistencies that are appropriate for a person with dysphagia. 

Carly’s research has developed recipes for the preparation of  barium for 
use in swallowing assessment, with matched flow characteristics to liquids 
prescribed for patients with dysphagia, using the IDDSI Flow Test. This use 
of  the IDDSI Flow Test, ensuring a match between diagnostic liquids and 
those prescribed at mealtime is revolutionary in facilitating patient safety. 
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019 

Carly Barbon
IDDSI (Flow Test)

When a swallowing assessment has confirmed that a patient is able to consume 
liquids of  a particular flow-level safely, the people who prepare beverages for 
that individual can be taught to test and confirm the suitability of  a liquid prior to 
serving.

ADJUDICATION COMMITTEE COMMENTS 
The judges were convinced that Carly is addressing an important 
problem in a very practical and affordable way. Swallowing difficulties 
are experienced by many people with disabilities at some point in their 
lifetime and by people in general as they age. The committee felt that 
the healthcare system deals with this issue poorly. For example, many 
times patients are sent home with no advice or instructions for safe food 
preparation. Carly’s work using the IDDSI Flow Test provides individuals 
with a simple and affordable avenue to manage their dysphagia (using 
thickened liquids).
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019 

Ivan Solano
Rollator

Ivan Solano is a clinician who trained and practiced as a physical therapist 
before completing a Masters degree in human design at Kyushu University, 
Japan. He is currently a PhD student within Rehabilitation Science at the 
University of  Toronto with a research focus on accessibility and the use of  
assistive technologies, specifically walkers among older adults. He has 
developed an expertise in design and ergonomics, inclusive and accessible 
education, and disability studies. Coping with a learning disability (LD), 
he has also developed a personal understanding of  disability and person-
environment transactions. 
 
Ivan was a Board Member (2013-2015) of  Students for Barrier-free Access at 
the University of  Toronto. During this time, he organized a Learning Disabilities 
Workshop with Integra https://www.childdevelop.ca/programs/integra-program. 
This workshop evaluated different aspects of  learning disabilities such as mental 
and emotional health, and self-advocacy. Ivan has been an invaluable resource 
for the Family Care Office and the students they assist over the past 9 years. 
Ivan has been advocating for better support for LD for over 10 years and has 
presented in community and academic engagements such as TEDx UofT and at 
the Legislative Assembly of  Ontario, and in the media with CTV and Toronto Star.

ADJUDICATION COMMITTEE COMMENTS 
The committee found Ivan to be a very impressive student who is dedica-
ted to accessibility issues for people with visible and invisible challenges. 
Ivan’s selection of  the walker as a topic was viewed positively because of  
the huge numbers that are in use and the evident lack of  care in matching 
people with the most suitable walker for their functional need. Everyone as-
sumes a walker will improve safety but Ivan’s work is questioning whether 
that assumption is always valid.
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FOCUS ON 
ACCESSSIBILITY AWARDS

2019 

Iris Levine
Bathing/Grab Bars

Iris Levine is a post-doctoral fellow with experience in experimental, 
computational and clinical biomechanics. The primary focus of  her research 
is understanding how personal and environmental factors contribute to 
biomechanical injury hazard during falls. Her previous mobility-focused 
research include evaluating exercise programs designed to improve functional 
performance in outpatients with strength and coordination challenges, and 
assessing the effect of  ankle orthoses design on mobility. 

Since joining TRI as a fellow, Iris has worked alongside and mentored four 
MASc students on projects focused on built-environment design standards to 
support healthy and accessible living for older adults and persons with mobility 
or sensory impairments. Iris has also been involved in research at TRI focused 
on improving pedestrian accessibility in the outdoor built environment. Informally, 
Iris teaches knitting, focusing on clients with learning challenges and physical 
impairments, and her experiences with many of  these clients help to inspire, 
inform and drive her research.

ADJUDICATION COMMITTEE COMMENTS 
Iris is conducting very practical accessibility-related work that will likely 
lead to a change in building codes that will help prevent accidents and 
enable access for people with mobility challenges. The committee was 
impressed by her dedication to supporting graduate students. They 
noted that Dr Levine has become involved in several projects that have 
practical implications for improving safety and accessibility and agree 
with her nominators that Iris is well on her way to becoming an outstanding 
leader of  research in this field.
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Honourable Mention

Aaron Yurkewich
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GEOFF FERNIE 
IMPACT AWARDS

2019

The Geoff Fernie Impact Awards have been created to honour 
three TRI stars whose work and presence have impact internally 
at TRI, and whose research has impact externally in the world.  
There were many good submissions and it was difficult for the 
adjudication committee to select the recipients of these Impact 
Awards. Our winners truly deserve this award which comes with 
a cash prize of $1,000 each.  
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GEOFF FERNIE 
IMPACT AWARDS

2019 

Carly Barbon
MA, SLP(C), Reg. CASLPO

Carly Barbon is a doctoral trainee in the Swallowing Rehabilitation Research 
Lab and expects to defend her dissertation early in 2019. Her work has focused 
on the use of  thickened liquids to address swallowing impairment in individuals 
who have undergone radiation treatment for head and neck cancer. A major 
part of  her research has involved the development of  recipes for liquids used 
in swallowing assessment and characterization of  liquid flow using the new 
International Dysphagia Diet Standardisation Initiative (IDDSI) flow test. This 
work has had widespread impact on the clinical community. 

At Toronto Rehab, Carly has become the go-to resource person in the 
Swallowing Lab regarding liquid flow testing. In particular, Carly’s work exploring 
the similarities in flow between the stimuli used in videofluoroscopic swallowing 
assessments and the thickened liquids that are provided to patients at meals 
is groundbreaking. 

We were previously aware that the addition of  barium to pre-thickened liquids 
led to further thickening, but Carly’s work with flow testing has found a way to 
solve this challenge and prepare assessment stimuli that are a valid match for the 
thickened liquids provided to patients from the hospital kitchen. Her work on this 
topic, which was featured in two peer-reviewed publications in 2018, has led to 
the implementation of  standard assessment stimuli not only in our research but 
also for the videofluoroscopic swallowing assessments performed by the clinical 
speech-language pathologists at TRI. 
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2019 

Carly Barbon
MA, SLP(C), Reg. CASLPO

Her recipes are featured in the barium recipes area of  our lab website as a 
resource for clinicians around the world: https://bit.ly/2CbyOsq. Carly’s work in 
this area has also included a peer-reviewed publication in collaboration with 
clinicians from the Colorado Children’s Hospital, specifically investigating the 
dilemma of  different flow characteristics between infant formula and barium 
used in pediatric swallowing assessments. 

Carly has been very productive as a trainee. In total, she has 8 peer-reviewed 
publications (4 first author).

HIGHLIGHTS

Visit Carly’s blog post in Dysphagia Café©for tips on flow testing 
(https://bit.ly/2abIUwe); her webinar was broadcast to an international 
audience in 2018 (https://bit.ly/2Etxxzi). There has been uptake of  her 
barium recipes at several research and clinical conferences. Carly’s work 
is most deserving of  recognition for its impact on clinical assessment 
and intervention methods for swallowing impairment.



49T R I  R E S E A R C H 
D AY  2 0 1 9

GEOFF FERNIE 
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2019 

Halina (Lin) Haag
MSW, RSW

Ms Halina (Lin) Haag is an exemplary PhD candidate combining methodological 
and substantive knowledge with her own lived experience of  brain injury. 
Lin excels in her research program reflected in her exceptional grades and by 
the recognitions she has received. To name a few: 2018 Ontario Women’s Health 
Scholar Award, 2016 SSHRC Doctoral Fellowship, 2014/15 CIHR TUTOR-PHC 
Fellow, Hilary M. Weston Award in Social Work in the field of  mental health, three 
Ontario Graduate Scholarships, and an Ontario Graduate Doctoral Fellowship. 

Her research focuses on women survivors of  intimate partner violence (IPV) with 
resultant traumatic brain injury (TBI), exploring factors influencing mental health, 
return to work, and social inclusion. She has been a leader on 8 grant-funded 
projects in the lab. In 2016, she was co-PI on a project funded by Women’s 
College Hospital and CIHR investigating TBI awareness in IPV service agencies. 
She organized the first Canadian gathering of  stakeholders to discuss 
challenges facing survivors and service providers, generate recommendations 
for next steps, and develop a knowledge-to-practice network to move the agenda 
forward. Building on this work, she is currently a co-investigator and team lead 
on a Justice Department of  Canada grant to develop the first Canadian TBI 
educational toolkit for use in IPV support agencies. She is a team lead on a 
Ministry of  Health grant exploring TBI and mental health, and a co-investigator on 
a CIHR Team Grant looking at a gendered KT approach. She is also co-PI on a 
CIHR grant funding an innovative KT initiative to disseminate her findings directly 
to community-based organizations supporting survivors of  IPV. 

Lin is committed to community-based research, making sure to enrich the 
community at large through her work. She has given over 30 presentations in 
both TBI research and IPV support communities, nationally and internationally. 
She has been invited to share her research and experience in public lectures and 
her work has received national media attention through CTV National News and 
CBC Radio interviews, and internationally as part of  a documentary being 
released in Great Britain. She has established a national network of  research 
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Halina (Lin) Haag
MSW, RSW

HIGHLIGHTS

Ms Haag’s work is the first of  its kind globally and will provide Canadian 
data that will lead to more comprehensive models of  care. We need to 
train more students who, like Ms. Haag, have the intelligence, drive, and 
the lived experience of  disability to pursue research on pressing problems 
that face health care practitioners. She has much to give, not only to social 
workers working in the field, but to a broad range of  other professionals 
as well. 

partners and allies to collaborate through experience-based input in the research 
process, and routes of  dissemination for immediate knowledge transfer. Her 
ability to develop relationships with stakeholders and survivors enables her to not 
only complete her work, but also enriches the results with multiple perspectives 
and the voices of  lived experience. She has already made significant 
contributions to her field through her research to date. 

Ms Haag’s leadership abilities are unparalleled. She is a respected colleague 
among her peers and is frequently sought out as a research partner on 
substantial grants, many of  which have been successful. Her achievements on a 
variety of  research projects to date demonstrate her ability to manage a complex 
research project, successfully work with multidisciplinary teams, and meet project 
deadlines while delivering measureable outcomes in a timely manner. 
She demonstrates a great deal of  initiative and independence and requires 
assistance rarely, and only when administrative issues require it. She is a mentor 
and co-supervisor to other graduate students and regularly provides editorial 
support with grant applications. She is an excellent writer, with 2 published 
manuscripts and 4 under review. She teaches in the Master’s program at Wilfrid 
Laurier, regularly receiving above average evaluations. 
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Stephanie Yung
MA

Stephanie Yung joined TRI in 2014 as a volunteer RA and displayed an 
extraordinary work ethic, enthusiasm, and thoughtfulness. She defended her 
MA thesis in Fall 2016 and is a PhD candidate in Psychology at the University 
of  Toronto under the supervision of  Dr Jennifer Campos. 

Despite this early stage of  her academic career, Stephanie has already 
had many rich research experiences and has clearly demonstrated academic 
excellence and strength in leadership. While working as an RA, Stephanie 
conducted a study aimed at developing videogame training interventions to 
support safe driving in adults. These interventions were focused on improving 
perceptual and cognitive abilities and evaluating transfer of  training to realistic 
tasks such as simulated driving; she used TRI’s state-of-the-art, multisensory 
Virtual Reality lab, “StreetLab“. For her MA thesis Stephanie used StreetLab to 
investigate how selective attention can be used to facilitate auditory localization 
abilities in older and younger adults. The outcomes of  this research highlight the 
importance of  considering sensory-cognitive interactions and how they change 
with age. As a direct application of  her Master’s research she then launched a 
study focused on optimizing Automated Pedestrian Signalling at intersections. 
Stephanie is leading a study in collaboration with the City of  Toronto focused on 
optimizing the acoustical and auditory factors important for effective accessible 
pedestrian signals at intersections with a particular focus on older adults who 
experience age-related declines in vision and hearing. Her PhD thesis project 
focuses on multisensory and multi-tasking real world challenges in individuals 
with sensory loss and/or cognitive loss.

Stephanie works extremely well within the Multisensory Integration in Virtual 
Environments (MIVE) team. She has developed strong technical skills and 
impressive interpersonal skills working with a highly interdisciplinary research 
team (e.g. Engineers, Computer Scientists, Psychologists) and through her 
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Stephanie Yung
MA

HIGHLIGHTS

Stephanie’s passionate approach to scientific thinking and her com-
passion towards helping others exceeds most students at her level. I am 
confident that she will serve as an inspiring academic and continue to be 
a leader through her commitments to science and the broader community. 
Stephanie demonstrates academic, leadership, and community impact 
in ways that align with the priorities of  Toronto Rehab.

engagement with study participants. She has demonstrated clear proficiency at 
performing comprehensive syntheses of  the literature, conducting complex data 
analyses, and disseminating her findings. She is a wonderful mentor to junior 
trainees including undergraduates and new graduate students. She is always 
the first to volunteer for lab-related activities and to engage with those visiting 
TRI (e.g. through hosting tours). She recently co-authored a paper published 
in Frontiers in Psychology addressing the needs and gaps of  using driving 
simulation technologies for driving assessment and she has also presented her 
own research at several local and international conferences. She has been a 
key contributor to TRI’s youth outreach program (iDAPT Young Innovators), which 
promotes STEM to thousands of  elementary and secondary school students 
every year. She has taken on key leadership roles at TRI including the TRI’s 
trainee Executive Committee and as a member of  conference organizational 
committees (e.g. the Lake Ontario Visionary Establishment Conference). 

Despite all of  her research and committee/community activities she has still 
managed to achieve top-notch grades in her graduate courses and has received 
competitive funding awards including NSERC. 
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Shabnam Haghzare
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Ashley Waito
MA, SLP(C), Reg. CASLPO

Ashley Waito is a doctoral candidate supervised by Prof. Catriona Steele at the 
Toronto Rehabilitation Institute and the University of  Toronto‘s Department of  
Speech-Language Pathology. Ashley’s research focus is on the important topic 
of  swallowing impairment (dysphagia) in Amyotrophic Lateral Sclerosis (ALS).  
Ashley’s goal is to conduct research that will help us to better understand the 
nature of  progressive swallowing impairments, which are debilitating in the 
ALS population. Ashley’s research has the potential to dramatically influence 
outcomes for people with this disease. 

Early in her doctoral studies, Ashley conducted an extensive scoping review 
to identify what is known and what gaps in knowledge remain regarding 
swallowing difficulties in ALS. She then completed a pilot project exploring the 
pathophysiology of  impaired swallowing in ALS through a collaboration with 
Dr. Emily Plowman at the University of  Florida, presented in the award-winning 
publication. Ashley has also presented her doctoral research at national and 
international conferences, including the 2016 European Society for Swallowing 
Disorders Congress (Milan, Italy), 2018 Dysphagia Research Society Meeting 
(Baltimore, Maryland, USA) and the 2018 International Symposium on ALS/MND 
(Glasgow, Scotland, UK).

In addition to her involvement in research, Ashley works casually as a clinical 
Speech-Language Pathologist in the Inpatient Stroke and Acquired Brain Injury 
programs at the Toronto Rehabilitation Institute. She also completed a short-term 
research exchange with the University of  Florida to facilitate a new collaborative 
research project between the Plowman and Steele laboratories, and obtain 
valuable mentorship related to her PhD studies from Dr Plowman and her 
research team. 
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Ashley Waito
MA, SLP(C), Reg. CASLPO

ADJUDICATION COMMITTEE COMMENTS:

People with ALS commonly report difficulty swallowing. This paper 
uses novel and innovative methods to study the mechanisms underlying 
impaired swallowing in those with ALS. This is important work, as 
better understanding of  these mechanisms can inform future treatment 
approaches to improve swallowing in this group. The study is limited by a 
small sample size, but I assume this is a common problem for research 
in this relatively rare condition. Additionally, this paper should be viewed 
as preliminary work in this area, and the authors have clearly identified 
directions for future research. High quality research, convincing results, 
good discussion added in the paper, including limitations and future 
directions.

Swallowing impairment (dysphagia) is a common and serious symptom of  
Amyotrophic Lateral Sclerosis (ALS) when upper and lower motor neuron 
dysfunction involves muscles of  the face, tongue, and throat. Despite knowledge 
of  the presentation and implications of  dysphagia in ALS, previous work
identified a large gap in knowledge regarding the mechanisms behind 
swallowing inefficiency. Thus, the objective of  this paper was to explore 
preliminary physiological mechanisms leading to residue accumulation in the 
pharynx after a swallow in people with ALS. Results showed that increased 
pharyngeal constriction areas (i.e., less constriction) led to increases in 
post-swallow pharyngeal residue – a finding which will inform future research 
focusing on dysphagia management in ALS.

Waito, A. A., Tabor-Gray, L., Steele, C. M. & Plowman, E, K. (2018). Reduced 
pharyngeal constriction is associated with impaired swallowing efficiency 
in Amyotrophic Lateral Sclerosis (ALS). Neurogastroenterology and Motility. 
https://onlinelibrary.wiley.com/doi/full/10.1111 /nmo.13450
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Leanna Lee
MSc

Leanna Lee is a 4th year doctoral candidate in the Institute of  Medical Science, 
Faculty of  Medicine at the University of  Toronto. She is mentored by Dr. Paul 
Oh and Dr. Dina Brooks. Her current research endeavours to optimize exercise-
based cardiac rehabilitation for women with heart disease, and this work will 
hopefully propel Leanna one step further towards her career aspirations of  
becoming a Clinician Scientist. When she is not conducting her own research 
studies, or working part-time as the Program Research Coordinator at the 
University Health Network’s Cardiovascular Prevention and Rehabilitation 
Program, you can probably find Leanna swimming, biking, running, or lifting. 
She is also a Canadian ITU (International Triathlon Union) short course triathlete 
who races internationally, representing Canada, and was named to the inaugural 
Major League Triathlon Series in 2016.
The major finding of  this article was that a structured, progressive program of  
aerobic interval training (AIT) consisting of  walk/jog intervals performed in a 
standard, 6-month, outpatient cardiac rehabilitation (CR) setting was superior 
to usual care CR involving moderate intensity continuous exercise (MICE), with 
respect to improving aerobic exercise capacity (VO2peak) in stable patients 
with coronary artery disease (CAD). Our findings revealed a 3.84 ml·kg-1·min-1 
improvement in VO2peak in response to AIT that was conferred beyond the 
usual care MICE group. The relevance of  this finding lies in our understanding 
of  VO2peak as the dominant, independent predictor of  cardiovascular-specific 
mortality in CAD patients. Importantly, previous studies investigating this 
population have found that with every 1 ml·kg-1·min-1 improvement in VO2peak,
there is an associated 9-15% reduction in cardiac mortality in both men and 
women. Therefore, our individualized, patient-centered approach of  using 
progressive AIT, which specifically addressed the therapeutic target of  exercise 
training-induced improvements in VO2peak, holds the potential impact to improve 
survival rates within the field of  cardiac rehabilitation. Moreover, our data suggest 
for the first time that women who are capable of  performing progressive AIT in a 
standard, CR setting demonstrate greater improvements in VO2peak compared 
to women performing usual care MICE, when propensity score matched for age. 
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ADJUDICATION COMMITTEE COMMENTS:
There has been increasing interest in recent years in the potential benefits 
of  interval training for improving aerobic fitness and providing other health 
benefits to individuals. This paper takes advantage of  a large clinical 
dataset at the Rumsey-Cardiac centre to describe the changes in aerobic 
fitness and cardiac risk factors among individuals who completed high 
intensity interval training compared to moderate-intensity continuous 
exercise in people undergoing cardiac rehabilitation. The retrospective 
analysis approach has several advantages, such as a large sample size 
and ability to describe what happens in routine clinical practice. There 
are also disadvantages to this approach versus other approaches (e.g., 
prospective randomized trials), but these limitations were addressed as 
well as possible using statistical analysis methods and propensity mat-
ching. This work has the potential to change practice and improve health 
and fitness of  individuals undergoing cardiac rehabilitation, but also 
other populations (e.g., stroke) where the cardiac rehab model has been 
applied. I am enthusiastic about future work from this group that might 
inform which patients could benefit most from interval versus continuous 
exercise. High impact work, simple use case, shows good results in 
comparison to baseline, and improves the state-of-the-art.

Their >6 ml·kg-1·min-1 increase is compelling in setting the stage for what is 
achievable for this population in the relentless pursuit of  determining evolving 
best practices, and standard of  care policy in future CR programs, taking into 
consideration these important gender differences. 

Lee LS, Tsai MC, Oh PI, Brooks D. The Effectiveness of Progressive Aerobic 
Interval Training in Cardiac Rehabilitation. Med Sci Sports Exerc. 2018 May: 
50 (5):881-888.doi:10.1249/ MSS.00000000000001526
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The Joel Verwegen Award is given by the Cognitive 
Neuro-rehabilitation Sciences Lab of the Brain Discovery 
and Recovery Team in memory of Joel Verwegen. Joel 
was an undergraduate student researcher in the Cognitive 
Neurorehabilitation Sciences Lab at Toronto Rehab in 2007 
and 2008. He had a passion for learning, with a particular 
interest in cognitive neurosciences as well as evolutionary 
biology.

Joel had an aptitude for research, and in the short time he 
worked at Toronto Rehab, he made substantive contributions. 
Joel possessed an intellect that was not only exceptionally 
sharp and rigorous, but also creative. He was meticulous and 
thoughtful in his actions, and he was immeasurably generous 
and supportive. The purpose of the award is to honour Joel 
and to inspire other undergraduate students to aim high.
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Niroschica Mohanathas

Niro is an undergraduate student in the Department of  Psychology at the 
University of  Toronto and has spent the past several years dedicating her 
time to working with the MIVE (Multisensory Integration in Virtual Environments) 
research group under the supervision of  Dr. Jennifer Campos as a Volunteer 
Research Assistant. While working as a Volunteer RA within an interdisciplinary 
team of  researchers (ranging from Engineers to Psychologists to Occupational 
Therapists) Niro has assisted in many capacities with projects aimed at 
understanding how sensory abilities (i.e. vision, hearing and vestibular) and 
cognitive abilities interact to support mobility in older adults (including walking 
and driving). 

Niro regularly attends and contributes to lab meetings, administers a collection 
of  tests of  sensory, cognitive, and motor function with participants, and has 
been integrally involved in participant recruitment. This past Fall she began 
an ambitious and exciting undergraduate thesis project. Specifically, she is 
investigating how sub-conscious, below threshold, sensory noise can actually 
be used to boost perceptual sensitivities (a phenomenon called “stochastic 
resonance”). Niro has also been a volunteer for the Lake Ontario Visionary 
Establishment conference committee for the past two years and will be 
presenting at the conference as first author in February. For the upcoming fall 
semester she will continue her studies in Psychology at UofT with Dr. Campos 
to pursue a Master’s and PhD. She hopes to continue her passion for science 
and learning in order to motivate others and be inspired by individuals, such 
as Joel Verwegen. This award serves as a wonderful recognition of  all of  her 
important contributions to research at TRI and provides encouragement towards 
her already keen pursuit of  a career in science.
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Michelle Panozo

Michelle began her work at the Cognitive Rehabilitation Sciences lab in the 
summer of  2015 while completing her Bachelor of  Science degree with Honours 
in Psychology. She began as a volunteer and eventually moved into a research 
assistant position. Michelle joined the lab as we began to establish our Telehealth 
Brain Injury Centre, and we can say with certainty that her contributions have 
helped us in substantive ways to carry out this launch. Michelle oversaw a 
randomized control trial looking at the efficacy of  a telephone-administered 
Cognitive Behaviour Therapy protocol for individuals with post-concussive 
syndrome. She acquired clinical training and experience and gained sufficient 
proficiency that she was able to administer clinical neuropsychological 
assessments to brain-injured patients. 

On top of  these activities, she gained a range of  further proficiencies that 
enabled us to entrust her with a range of  clinical research assessments with 
braininjured patient participants. Her work has helped to increase the throughput 
of  patients through the Centre, and to advance our research and clinical 
agendas. Michelle tells us she enjoys the fast-paced and intellectually 
challenging environment of  the lab and looks forward to taking the experience 
she has gained at Toronto Rehab and applying it to her future studies and 
work with other neurological populations. We look forward to the contributions 
she will make. 
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JOEL VERWEGEN
AWARD

Honourable Mention

This year we had quite a few outstanding nominations for the Joel 
Verwegen award. The calibre of the nominees was so high that 
we wanted to give honorable mention to the four runners up who 
have also displayed attributes that defined Joel, and the award in 
his honour. These attributes include scientific ability and passion 
for scientific inquiry, and a positive attitude towards their work. 

Leanne Monteiro
Leanne Rokos
Isis So
Thomas Worthington
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TD GRADUATE SCHOLARSHIPS

Pictured here at the 2018 
Research Day, past award 
recipients celebrate the 
announcement. 

Launched in 2006, the scholarships for graduate students with disabilities have 
been made possible with the generous support of  the TD Bank Financial Group.  
TD believes in Toronto Rehab’s goal to advance rehabilitation and enhance 
quality of  life by pushing the frontiers of  rehabilitation science and fully engaging 
consumers; people with disabilities should be active participants in planning 
and conducting research. TD’s recent pledge of  $1 million allows us to continue 
assisting exemplary Masters and PhD students with disabilities in becoming 
world-class scientists in rehabilitation-related research. They understand both the 
needs and opportunities that exist in science and technology and their unique 
knowledge and perspectives enrich research. The scholarships of  up to $20,000 
each, go a long way to level the playing field for students with disabilities. When 
the scholarships were launched, the National Education Association of  Disabled 
Students urged other Canadian institutions to “follow the lead of  Toronto Rehab 
and undertake initiatives that actively support students with disabilities in science 
and technology fields while helping to raise the profile of  young scientists.”
Toronto Rehab and TD Bank Financial Group are proud to announce the 2018/19 
recipients.

T R I  R E S E A R C H 
D AY  2 0 1 9
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Ivan Solano 
PhD Candidate

Growing up with learning disability (LD) inspired Ivan Solano to work with 
people with disabilities. After completing his physiotherapy at the University of  
Philippines, he began his career as a clinician. His father’s outreach medical 
work as a community doctor became a strong influence in his active role in 
civic action projects. Realizing the lack of  access to health and education of  
Myanmar minorities, he led a community project for the Kachin tribe in Myanmar. 
In collaboration with local leaders, they established a library and helped develop 
and organize core groups in several villages to transfer the knowledge and skills
to their respective communities. His experience working with people requiring 
physical rehabilitation helped him realize the importance of  environment 
design and assistive devices in enabling people with disabilities. To learn 
more about creating enabling environments, he pursued a Masters in Human 
Design at Japan’s Kyushu University and researched how ramp design affects 
wheelchair performance with the support of  a Panasonic Scholarship. Currently 
a PhD candidate at the University of  Toronto’s Rehabilitation Science Institute, 
Ivan is investigating the interaction of  the elderly’s physical and psychological 
characteristics with rollator use.

Ivan is a three-time recipient of  the TD GRANT IN MEDICAL EXCELLENCE. 
He has also received other awards, including Civic Action’s DiverseCity Fellows 
2014-15 awarded to up-and-coming community leaders for his advocacy work 
in learning disabilities (LD). An active volunteer, Ivan serves as a role model for 
people with learning and other disabilities. He has spoken about LD at the TEDx 
University of  Toronto where he addressed the importance of  building resilience 
and finding and building strengths for kids with LD. He strongly believes that 
despite the challenges faced by people with disabilities, they can achieve and 
use their personal understanding for the benefit of  humanity in creating more 
inclusive and usable environments. Ivan is also a husband and father to two kids. 
His other passion is music and he has competed and won in several singing 
competitions in the Philippines, Japan, US and Canada. He won UofT’s Singing 
Idol and Filipino Canadian Singing Idol, and has performed at Nathan Philips 
Square. 
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John Shepherd
PhD candidate

John Shepherd is a doctoral student in University of  Toronto’s Rehabilitation 
Sciences Institute, studying health services and policy research related to 
people living with spinal cord injury (SCI). He is examining ways of  using data 
from novel sources such as electronic medical records to study the epidemiology 
of  chronic SCI, providing information on the long-term experience of  people 
who live with SCI in the community. He is excited about the possibilities offered 
by new technologies and analytical methods to shed light on this population’s 
experience. His research will help provide a better picture of  their health status 
and healthcare use, and will suggest opportunities for improvement through 
research and policy change. 
 
John has published in a number of  journals including the Journal of  Spinal Cord 
Medicine, and presented at events and conferences including the National Spinal 
Cord Injury Conference, where he gave a Consumer Keynote address and was 
awarded best poster presentation in the Patient Education category. He is active 
as a community volunteer, and has served on the boards of  Toronto Rehab and 
Spinal Cord Injury Ontario.

John has been living with a spinal cord injury for 15 years and his lived 
experience inspires him to advocate for the needs of  people living with 
spinal cord injuries and other disabilities or health conditions. He appreciates 
the importance of  a well-informed and responsive health care system and 
hopes, through his research and advocacy, to make a contribution to improving 
health care in Ontario.
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UPDATE OF FORMER RECIPIENT

Jirapat Likitlersuang

Jirapat Likitlersuang is a PhD candidate at the Institute of  Biomaterials and 
Biomedical Engineering, University of  Toronto. He is currently in the process of  
defending his doctoral thesis involving the development of  a wearable system 
capable of  monitoring hand function for adults with upper limb dysfunction at 
the Toronto Rehabilitation Institute – University Health Network.

Jirapat has made a move to Boston where he has accepted and begun his 
position as a Postdoctoral Scholar at Harvard Medical School. He is currently 
working at the US Department of  Veterans Affairs – Boston Healthcare 
System on research relating to post-traumatic stress disorder (PTSD) and 
Traumatic brain injury (TBI) using multiple imaging techniques such as structural 
morphometry, diffusor tensor imaging, resting state functional magnetic 
resonance imaging and cerebral blood flow.

Jirapat continues to pursue his lifelong passion in areas of  rehabilitative health 
care and clinical research for people with disabilities.
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We gratefully acknowledge the support of our sponsors:

The Focus on Accessibility Awards

were developed in partnership with 
the TorontoRehabilitation Institute 
with support from the Government 
of  Ontario.

Dr Fernie’s sponsorship of  the Impact Awards recognizes the 
leadership qualities of  our trainees, their academic excellence 
and outstanding contributions to the community at TRI and 
beyond.

Professional Engineers Ontario (PEO) is the licensing and 
regulating body for professional engineering in the province. 
PEO operates under the authority of  the Professional 
Engineers Act to serve and protect the public interest by setting 
and upholding high academic, experience and professional 
practice standards for the engineering profession. The core 
values for professional engineers include: Accountability, 
Respect, Integrity, Professionalism and Teamwork. Professional 
Engineers Ontario, West Toronto Chapter (WTPEO) is one of  
the 36 chapters in Ontario. It promotes the value of  engineering 
to local communities, universities, colleges, schools and off ers 
a forum for its members to discuss issues of  concern for 
engineers and society. WTPEO engages youth in discovering 
the joys of  math, science and engineering through education 
outreach programs and local events, including those associated 
with National Engineering Month. WTPEO encourages 
innovations and the development of  impactful solutions to 
advance and safeguard the wellbeing and safety of  our 
communities and society.  
http://westtorontopeo.com/

West Toronto Chapter

An EnAbling Change project
with the Government of Ontario
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We gratefully acknowledge the support of our sponsors:

Hygienic Echo is the latest spinoff company from TRI Research. 
We know that in hospitals alone, over 1000 patients die each 
week in North America because of  inadequate hand hygiene. 
Our proven advanced technology doubles hand hygiene. Our 
mission is to bring this effective and easy to use technology to 
hospitals and care facilities to save lives.

BlueSky Investment Counsel Inc. is an independent, 
discretionary portfolio management firm that caters to the 
needs of  individual investors, institutions and not-for-profit 
organizations. BlueSky Investment Counsel deems most 
of  its portfolios Socially Responsible Investments. 
https://www.blueskyic.com/about-2/
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RESEARCH DAY 
PLANNING COMMITTEE VOLUNTEERS 

Anthony Palma
Jarrett Churchill
Lois Ward
Majid Janidarmian
Mary Lam
Milos Popovic
Rabea Aryan
Shoshana Teitelman
Sophia (Yue) Li
Susan Jaglal

Aaron Yurkewich
Adam Sobchak
Alisa Grigorovich
Ashley Waito
Barry Westhead
Bart Scieranski
Cecilia Campolongo
Dan Smyth
Darek Wojtowicz
Esther Oostdyk
Gary Evans
Ghazaleh Delfi
Iris Levine
Janelle Unger
Jennifer Bautista 
Kadeen Johns 
Katherine Song
Konika Nirmalanathan
Meg Tennant
Michael Bray
Mohammadhasan Owlia
Nagina Parmar
Pam Holliday
Roger Montgomery
Sanja Hulec
Shabnam Haghzare
Sin-Tung Lau
Stephanie Yung
Steve Pong
Susan Gorski
Tess Del Mundo 
Tilak Dutta
Tim Giblin

We appreciate the 
help of  all volunteers 
whose names were 
not available when 
we went to print.
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AWARDS ADJUDICATION AND MANAGEMENT:

JUDGES:

MENTORS:

Alf  Spencer, Avril Mansfield, Behrang Keshavarz, Cesar Marquez-Chin, 
Geoff Fernie, Jarrett Churchill, John Shepherd, Kathy McLachlan, Laura Moll, 
Lois Ward, Louise Brisbois, Mary Lam, Mike Monize, Pia Kontos, Shehroz Khan, 
Sherry Grace, Susan Jaglal

Andrea Furlan, Andrew Huntley, Atena Roshan Fekr, Avril Mansfield, Azadeh 
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Measuring Adverse Childhood Experiences and its Effects on Recovery 

Post-Concussion

Introduction

• Concussion recovery is typically within 3 to 4 weeks, but 

24% of patients can experience persistent symptoms1.

• It is unclear what causes prolonged concussion 

recovery but psychological factors may be relevant.

• Associations have been made between adverse 

childhood events (ACEs), and future health risk,

including psychiatric disorders and TBI, and also

symptom endorsement following concussion2,3.

• ACES occur during the first 18 years of life including, but 

not limited to, physical, emotional, and sexual abuse, 

neglect, and witnessing domestic violence2.

Objectives

1. To identify if exposure to ACEs is predictive of 

prolonged recovery after concussion.

2. To determine if there is a relationship between 

ACEs and self-reported (on Sports Concussion 

Assessment Tool – SCAT)

a) Number of concussion symptoms

b) Magnitude of concussion symptoms

Methods

Concussion 

patients are 

referred to 

the Hull-Ellis 

Concussion 

Clinic within 7 

days of 

trauma

Week 1: First Visit

Physician 

assessment:

1. Physical

2. Cognitive

3. Sensory

ACE 

Questionnaire

Week 2, 4, 

6, 8, 12, 16

Physician 

assessment 

and SCAT 

continues bi-

weekly until 

deemed 

asymptomatic

Results

SCAT:

1. Symptom 

Number

2. Symptom 

Severity

Coping, Mood, 

Life Satisfaction 

& Questionnaires

References
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Variable
Mean;

SD
Range

Age 35; 15 17-77

ACE

Score
1.9; 2 0-7

ACE Score 

Totals
%

0

1

2

3

≥ 4

31

21

18

9

21

Discussion

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7

S
y
m

p
to

m
 S

e
v
e
ri

ty
 

S
c

o
re

ACE Score

0

5

10

15

20

25

0 1 2 3 4 5 6 7

N
u

m
b

e
r 

o
f 

S
y
m

p
to

m
s

ACE Score

Table 1. Patient population (n=100).

• A significant relationship was observed between ACEs 

and first week total symptom severity and total number 

of symptoms endorsed on the SCAT.

• No relationship was found between ACEs and time to 

recovery on physician and self-reported outcomes.

• The relationship was mediated by anxiety and pain 

catastrophizing magnification.

• A history of ACEs may predispose concussion patients 

to greater magnitude and number of self-reported 

symptoms during acute stages of recovery.

This has implications in:

Enhancing our ability to predict those at 

risk for persistent symptoms

The implementation of individualized 

treatment plans to reduce patient 

distress

Reducing symptom duration with early 

interventions and education around 

anxietyFigure 1(a). Spearman’s regression of ACEs and week 1 symptom severity

score on SCAT (n=100). (b) Spearman’s regression run on ACEs and week 1

total number of symptoms on SCAT (n=100).

rs = 0.29

p = 0.003

rs = 0.29

p = 0.003

ACE 

Score

BSI Anxiety

PCS 

Magnification

Week 1 

SCAT 

Severity

Figure 2(a). Path analysis. Relationship of ACE and week 1 SCAT severity is

mediated by anxiety and pain. (b) Path analysis. Relationship of ACE and week

1 SCAT symptoms is mediated by anxiety and pain.

ACE 

Score

BSI Anxiety

PCS 

Magnification

Week 1 

SCAT 

Symptoms

(a) (b)

p>0.05

Questions? Contact: Allison Mah 

(allison.mah@mail.utoronto.ca)

Variable %

Sex
56 F

44 M

≥1 Prior 

Head/Neck 

Injury

67

(a)

(b)

Allison Mah1, Cristina Saverino2, Leanne Rokos1, Laura Langer3, Tharshini Chandra3, Paul Comper3,4,                

Mark Bayley3,5

@Hull_EllisCC

@DocMarkBayley

1University of Toronto, Department of Human Biology; 2Altum Health; 3Toronto Rehabilitation Institute; 3University of Toronto, Rehabilitation Sciences Institute; 4University of Toronto, Department 

of Medicine



Defining Patient Recovery from Concussion Requires Consideration of Multiple 

Criteria and Recovery Trajectories
Leanne Rokos1, Cristina Saverino2, Allison Mah1, Laura Langer3, Tharshini Chandra3, Paul Comper3,4, Mark Bayley3,5

1University of Toronto, Human Biology, 2Altum Health, 3University Health Network - Toronto Rehabilitation Institute, 4Univeristy of Toronto, Rehabilitation Sciences Institute, 4University of Toronto, Department of Medicine

Discussion & Conclusions

 Over 1% of the population in Ontario suffer a concussion every 

year1. 

 Recovery from concussion is often monitored through patient 

self-reports, performance-based tests, and physician follow-ups 

after returning to activity2.

 Currently, there is no standard criteria for patient recovery from 

concussion and few studies use clearly defined criteria to 

identify when participants should be considered recovered. 

 It is important to examine concussion recovery criteria to 

develop a standardized definition that can be used as an 

objective means to identify patients as recovered. 

1. Ryu, W. H. A, et al. Can J Neurol Sci 36(4), 429-435, 2009.

2. Haider, M. N, et al. Br J Sports Med, 52(18), 1179-1190, 2018.

References

 ensure patients receive consistent and evidence-based 

diagnosis and care. 

 aid physicians in determining the most appropriate forms 

of treatment and when it is safe for patients to return to 

daily activities. 

 help standardize the criteria used in research 

surrounding factors influencing patients with persistent 

post-concussive symptoms. 

 eliminate bias surrounding when patients are deemed 

recovered and improve applicability of research findings 

to patient care. 

The operational definition for concussion recovery will:

Inclusion Criteria: 
Diagnosed with a 

concussion

Age: 17-77 years 

Weeks 1-8
Weekly assessments 

until deemed 

asymptomatic

Within 7 Days 

Post-Injury:

Referral from local 

emergency 

departments to The 

Hull-Ellis Concussion 

and Research Clinic
Week 12 & 16

Follow-up 

assessments

Physician 

assessments

Weeks 1-8

Performance-

based tests

Self-reports 

of symptoms

 There was variation in the number of patients deemed recovered 

depending on which criteria was used. 

 Patient self-reports most closely corresponded with physicians’ 

final recovery decisions, while all other criteria corresponded 

poorly at early time points. 

 A standardized multi-faceted approach to deeming patients 

recovered, with more sensitive performance based measures for 

concussion is necessary. 

1. To compare physician assessment of patient recovery from 

concussion to other recovery criteria i.e. :

2. To develop an operational definition of concussion recovery 

based on our study.
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a) Patient symptom reports (on Sports Concussion 

Assessment Tool - SCAT)

b) Cognitive, balance and smell test performance

Figure 1. Chi square tests of independence were performed to compare the

percentage of patients deemed recovered by physician’s overall recovery

criteria to the recovery criteria of a) the SCAT b) cognitive test performance c)

balance test performance and d) smell test performance. *p < 0.05, †p < 0.1

N= 137 

N= 102 

N= 94

N= 137

a.

b.

c.

d.Weeks 1,2,4,6,8

Patients:

 Sex: 63 Male, 85 Female

 Age: Mean = 34.9 years, SD =  14.1

Questions? Contact: 
leanne.rokos@mail.utoronto.ca

@DocMarkBayley @Hull_EllisCC @langer_laura @paulcomper @TRI_UHN
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• The best pose estimation results will be used to 

extract the participant's gait parameters such as 

body sway, speed and step length

• A regression model will be used to predict clinical 

mobility scores from extracted gait parameters

• Cross validation will be done, using clinical mobility 

scores which were recorded as part of the study

• Some pose estimation algorithms 

require images to be cropped and 

centered around the person of 

interest; the image detector You 

Only Look Once (Redmon et al) 

has been used to place bounding 

boxes around the participants in 

each frame

• One such algorithm is the Stacked 

Hourglass Network (Newell et al.), 

below, left

• New human pose algorithms will be tested as they 

become available 

RFID tags attached to 
participants’ pants 

trigger colour
recording on a daily 
basis within the long 

term care centre

Images are extracted 
from the videos at 30 
frames per second

Human pose 
estimation algorithms 
are used to determine 

joint locations per 
extracted image

Gait features are 
to be extracted 

from joint location 
data

Evaluating Vision Based Human Pose Estimation for use in Gait 

Assessment of Older Adults with Dementia
Becky Ng1,2, Babak Taati1,2

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto

Background

• Fall risk is increased in older 

adults with dementia because 

they lack the ability to self 

monitor decline in mobility

• Certain observed changes in gait 

parameters can indicate a 

measurable increase in fall risk

(Hausdorff, et al.)

Methods

Future Work

Conclusions

• Should this vision based method be successfully

correlated to baseline clinical gait assessments, it 

will be possible to develop a system implementing 

this method which continuously monitors changes in 

mobility

• By tracking changes in mobility it may be possible to 

make interventions which could reduce the incidence 

of falls in older adults with dementia

Preliminary Results

• Pose estimation 

results will be 

validated against 

Microsoft Kinect 

skeleton data

• The 3D MS Kinect 

skeleton data will 

me translated into 

the 2D coordinates 

of the color camera 

• Multiple pose estimation algorithms have been tested 

on a subset of extracted images

• The most promising results thus far are from 

OpenPose (Cao et al.) with results not only visually 

place joints in the appropriate pose, but also show 

continuity  frame to frameQuestions?

Contact: becky.ng@mail.utoronto.ca @TRI_UHN
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Estimating Severity of Sleep Apnea based on Respiratory Movements

Maziar Hafezi1,2, Nasim Montazeri1,2, Kaiyin Zhu1, Sina Akbarian1,2, Azadeh Yadollahi1,2, Babak Taati1,2,3
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Introduction

 Sleep apnea is a chronic respiratory disorder which

increases the risk of heart disease (3x), stroke (4x)

and car accidents (7x)1.

 26% of Canadian adults are at high risk of sleep

apnea, but only 10-15% are diagnosed2.

 It is necessary to develop a portable system for 

convenient, cost-effective, and robust diagnosis of 

sleep apnea. 

Objective

To estimate sleep apnea severity using respiratory

movements recorded by accelerometer.

Methods Results

Discussion

References

1. Knauert M, World J Otorhinolaryngol Head Neck Surg, 17-27, 2015

2. The Lung Association, Sleep Apnea Handbook, 11th Edition, 2014

Contact: maziar.hafezi@mail.utoronto.ca

www.breathe2sleep.com

Methods

Subjects:

Referred for sleep apnea 

diagnosis 

Data Recording: 

- Full night polysomnography 

(PSG)

- The Patch (Accelerometer)

Figure 1: The Patch and 

its placementPreprocessing and Feature

Extraction

Accelerometer signal is filtered

and the features extracted

from a moving window of 10

seconds with 5 seconds

overlap (FS=0.2 Hz.)

Accelerometer Features

Tracheal Displacement

Drop in Amplitude

Breath Duration

Sleep Stage

Table 2: Feature List

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐴𝐻𝐼 =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑣𝑒𝑛𝑡𝑠 𝑤ℎ𝑖𝑙𝑒 𝑠𝑙𝑒𝑒𝑝

𝑇𝑜𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑙𝑒𝑒𝑝 𝑖𝑛 ℎ𝑜𝑢𝑟𝑠

Table 3: Metrics for different AHI cutoffs

Figure 3: (left) Correlation plot, and (right) Bland Altman 

plot of PSG and estimated AHI

 The estimated AHI from respiratory movements

recorded by accelerometer has high correlation with

the gold standard PSG-AHI.

 Future work will involve improving results by

developing algorithms to identify subjects with low

signal quality.
Figure 2: Deep learning 

network architecture

n 49 (male=26)

Age, years 49.9±16.2

BMI, kg/m2 29.7±6.5

AHI 19.2±25.8

Table 1: Demographics

AHI Cutoff ≥10 ≥15 ≥30

Sensitivity 0.77 0.79 0.88

Specificity 0.7 0.93 1

F1 0.75 0.83 0.93

Accuracy 0.73 0.88 0.98

mailto:maziar.hafezi@mail.utoronto.ca
http://www.breathe2sleep.com/
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Predicting Agitation and Aggression in People Living with Dementia
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Bing Ye2, Alex Mihailidis1, 2
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Introduction

• People Living with Dementia (PLwD)

exhibit behavioral and psychological

symptoms with agitation and aggression as

the most prevalent symptoms [1].

• We present a unique study to collect

motion and physiological data from real

PLwD. This data is used to build predictive

models to detect agitation in PLwD.

• The preliminary results show the

importance of using multi-modal sensor

data for detecting agitation events in

PLwD.

Motivation

• The number of people living with dementia (PLwD) is increasing every year.

The current World Health Organization estimates suggest that worldwide the

number of PLwD is around 35.6 million, which will double by 2030 and triple

by 2050.

• PLwd with agitation can harm themselves, other patients and the staff.

• Various clinical measures exist to assess agitation, such Pittsburgh Agitation

Scale; however, they are subjective, retrospective and are not helpful at

predicting events of agitation.

To develop objective and automatic methods of detecting agitation in

PLwD to provide interventions and avoid harm to the patients and staff

Data Labeling and Collection 

DAAD – Multi-modal Sensors

Results & Conclusion

References
1. Khan S, Ye B, Taati B, Mihailidis A (2018): Detecting agitation and aggression in people with

dementia using sensors – A systematic review, 6: 824 – 832.

2. Khan S, Zhu T, Ye B, et. al (2017): DAAD: A Framework for Detecting Agitation and Aggression
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• Low-pass filtering of sensor signals.

• Extracting 30 time and frequency domain features.

• Training SVM classifier for each individual

participant, performing 2-fold cross validation.

• Evaluating on each participant and using AUC as a

performance metric

• Researchers review clinical reports / nursing charts and

check the video data for fine tuning of the start / end

time of the agitation events.

• We focus on the following sensor data:

o Accelerometer (ACC), Blood volume pulse (BVP),

Electrodermal activity (EDA), and Skin temperature

(TEMP).

• So far, data is collected from 11 participants, currently 2

more ongoing.

• Only 2 participants are considered (in this work) as they

had full labels (start and end time) of agitation events.

Data Analysis

DAAD Multi-modal sensor system [2]: (1) video cameras, (2) pressure mat,

(3) motion sensor, (4) door sensor and (5) Empatica E4 device.

(1) (2)

(3) (4) (5)

Sensor type Feature type

Window size (minutes)

1 3 5

P1 P2 P1 P2 P1 P2

S
in

g
le

ACC 0.491 0.519 0.700 0.770 0.510 0.613

BVP 0.762 0.626 0.354 0.555 0.807 0.735

EDA 0.638 0.617 0.630 0.808 0.559 0.808

TEMP 0.763 0.536 0.460 0.758 0.498 0.721

Multi-modal
ACC+BVP+EDA 0.764 0.628 0.727 0.763 0.485 0.739

ACC+BVP+TEMP 0.764 0.595 0.517 0.543 0.809 0.755

AUC values for two participants for different window sizes

Data Analysis Pipeline.

• Multi-modal sensing shows promising results for detecting agitation in PLwD.

• We plan to extract specific features for different sensor modalities, include more

participants and other sensor data, and to test deep learning methods.
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Predictors of Impairments and Hospitalization in an Advanced MS Population
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Introduction 

 Canada has one of the 

highest rates of Multiple 

Sclerosis (MS) in the World

 The number of Canadians 

with MS is estimated to be 

133 635 in 2031

 Annual health care spending 

on MS in Canada may exceed 

$2.0 Billion by 2031

Objectives  

1. To identify factors that increase disability and 

hospitalizations within a population of people with 

advanced MS

2. To Identify possible areas of treatment to target in 

order to understand how to reduce disease burden on 

the patient and health care system.

Methods 

Results 

EDSS Feeding Grooming Bathing
Upper Body 

Dressing
Lower body  

Dressing
Toileting Transfers Meal Prep Housework Shopping Banking Transport 

4 1 1 1 1 1 1 1 1 1 1 1 1

5 1 1 1.25 1.125 1 1 1 1.6 2.5 1.5 1.25 1

5.5 1 1 1 1 1 1 1 1 1 1 1 1

6 1 1 1.1 1.1 1.1 1 1 1.65 2.4 1.85 1.1 1.65

6.5 1.1 1.2 1.3 1.3 1.35 1.2 1.2 2.2 2.5 2.15 1.65 2

7 1.1 1.25 1.5 1.5 1.5 1.1 1.3 2 2.75 2.1 1.5 2.6

7.5 1.25 1.65 2.4 2.15 2.25 1.75 2 3 3 2.5 1.85 2.85

8 1.9 2.35 2.7 2.8 2.8 2.55 2.6 2.95 2.95 2.85 2.3 2.95

8.5 2.5 2.9 3 2.85 3 3 3 3 3 3 3 2.75

9 3 3 3 3 3 3 3 3 3 3 3 3

9.5 3 3 3 3 3 3 3 3 3 3 3 3

Discussion 

0 1 2 3 4 5 6 7 8 9 10 11

Overall
Population

Secondary
Progressive

Primary
Progressive

Relapsing &
Remitting

Mean EDSS 6.9 ± 1.06 Health Care Usage in Past Year

Mean Age
52.8 years ± 11.1 

years
Admitted to ER 30%

Female 57% Hospitalized 20%

Male 43% UTI 
19% mean 2.4 UTIs 

± 3.1

Mean MOCA 24.5 ± 3.11 Falls
55%  mean 6.4 

falls ± 10 

MS Type History of Concussion/ mTBI
42%  mean 2.8 falls 

± 0.75

Primary Progressive 35% Depression 38% 

Secondary 

Progressive

52% Mean number of Additional 

Specialists 
1 ± 0.89

Relapsing and 

Remitting

13% Mean number Prescription Drugs 

for MS 
2.5

R=0.141

p=0.04

R=0.183

p=0.008
3

Falls and UTIs are associated with ED visits 

and hospitalizations

As EDSS increases, ability to independently 

perform activities of daily living and 

meaningful participation in society decreases

Over 80% of the Toronto MS Rehab Clinic 

patient population had a UTI and over 50% 

fell.

Patients with Secondary Progressive MS are 

more likely to end up in the ED and be 

hospitalized from falls.

A Interdisciplinary Health Care team including 

Physiotherapist, Occupational Therapist, 

Social Workers, etc. can reduce falls risk and 

UTIs 

 This study was approved by UHN’s REB

 205 patients at the Toronto Rehab MS clinic with an EDSS > 4 

consented to have their health information collected  during their 

routine medical appointment.

 Variables Collected include:

 Expanded Disability Status Scale (EDSS)

 Demographics

Montreal Cognitive Assessment (MOCA)

MS Related Information

 Timed 25’ Walk

 Health Care System Use in Past Year

 Current Medical Complaints

Medications

 Physical and Neurological Exam 

 Activities of Daily Living (ADLs)

Questions? Contact: laura.langer@uhn.ca

Odds Ratio for Falls and ED Visits by MS Type

Falls 
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Impairment by EDSS 
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Validation of a Modified Sleep Questionnaire in Exercise Rehabilitation Patients 
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• The American Heart Association (AHA) has recommended the 
development and evaluation of simple sleep screening strategies1.

• Sleep quality is important for cardiovascular health.

• Their exists a need for an efficient and valid tool to assess sleep 
quality in busy clinical settings.

Introduction and Objectives Results

Conclusions

• Preliminary results suggest validity of the questionnaire to screen for 
apnea, and potential utility to screen for insomnia

• Final validation will be conducted at a sample size (N=120)

• Invariance testing will be performed to determine if the items 
function similarly across important demographics

• If validity can be established, the instrument will be compared 
against  “gold-standard” assessments of apnea and insomnia to 
determine accuracy.

Results

1. St-Onge, MP et al. Circulation. 2016;134(18).
2. Nagappa M, et al. PLoS ONE. 2015;10(12):e0143697
3. Espie CA, et al. BMJ Open. 2014;4:3004183.

Methods

Individuals (target n=120) recruited from TRI Cardiac were asked to 
complete a 20-item sleep quality screening questionnaire containing: 

• A modified STOP-BANG2 to assess for apnea 

• Sleep Condition Indicator (SCI)3 to assess for insomnia

• One question about naps, to determine whether daytime sleeping 
may relate to poor sleep at night

Participant characteristics were extracted from paper and electronic 
records, including those below (Table 1), and all cardiac diagnoses, 
vascular risk factors, and concomitant medications.

Confirmatory factor analysis (CFA) was performed in M-Plus to 
determine if the items of the questionnaire adequately inform 
underlying sleep conditions.

Table 3: Questionnaire Items used to Screen for Insomnia, based on the SCI 

1. How long does it take you to fall asleep in minutes?

2. If you wake up during the night, how long are you awake for in minutes?

3. How many nights do you have a problem with your sleep each weeks?

4. How would you describe the quality of your sleep?

5. How much has poor sleep changed your mood, energy, or relationships?

6. How much has poor sleep made it hard to concentrate, be productive, or stay awake?

7. How much has poor sleep troubled you in general?

8. How long have you had a problem with your sleep?

9. How long do you sleep in an average night?

Figure 2: CFA of insomnia items in participants without a prior diagnosis of apnea, 
excluding questionnaire Items 1 and 9 (N=91). Items 1 (How long does it take you to 
fall asleep?) and Item 9 (How long do you sleep in an average night?), were excluded 
due to low factor loadings and high residual variances for these items in the full base 
model. Exclusion of participants with a previous diagnosis of sleep apnea also increased 
fit indices. Items in green show a good model fit, red show a poor model of fit, and blue
denotes the measure is approaching significance.

Chi-Square Test of Model Fit
Value                              60.441*
Degrees of Freedom                    14
P-Value                           0.0000

RMSEA (Root Mean Square Error Of Approximation)
Estimate                           0.191
90 Percent C.I.                    0.143  0.242
Probability RMSEA <= .05           0.000

CFI/TLI
CFI                                0.922
TLI                                0.883

SRMR (Standardized Root Mean Square Residual)
Value                              0.085

@TRI_UHN

CFA for Insomnia Items

Objectives

Chi-Square Test of Model Fit
Value                             1.101*
Degrees of Freedom                    5
P-Value                           0.9540

RMSEA (Root Mean Square Error Of Approximation)
Estimate                                         0.000
90 Percent C.I.                              0.000  0.000
Probability RMSEA <= .05           0.975

Figure 1: CFA of apnea items in all patients, (N=119). Items 14 (Age >50) and Item 15 
(Gender) were excluded due to low factor loadings and high residual variances for these 
items in the base model. These items are also the least specific to the latent variable 
(sleep apnea). Items in green show a good model fit, red show a poor model of fit, and 
blue denotes the measure is approaching significance.

CFI/TLI
CFI                                1.000
TLI                                1.427

SRMR (Standardized Root Mean Square Residual)
Value                              0.029

CFA of Sleep Apnea Items

Table 2: Modified STOP-BANG Questions used to Screen for Sleep Apnea

10. Do you snore loudly? (louder than talking?)

11. Do you often feel tired, fatigued, or sleeping during the daytime?

12. Has anyone observed you stop breathing during your sleep?

13. Do you have high blood pressure, or are you being treated for high blood pressure?

14. What is your current age? (Over 50 vs 50 or less)

15. What is your gender?

16. Do you experience headaches, or a dry mouth, on awakening?
To establish the construct validity of a sleep questionnaire in 
screening for sleep apnea and insomnia among cardiopulmonary 
rehabilitation participants.

Table 1: Participant Demographics Mean ± SD

Age 62.41 ± 10.92

Gender (% Male) 78.2

BMI (kg/m2) 28.64 ± 5.26

VO2Peak (mL/kg/min) 19.54 ± 16.80

Body fat (%) 30.89 ± 9.27

Waist circumference (cm) 97.33 ± 14.21

Center for Epidemiological Studies Depression Scale Score 9.00 ± 7.48

Please contact Dr. Walter Swardfager at w.swardfager@utoronto.ca

mailto:w.swardfager@utoronto.ca
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ACCELERATION Program: 

Helping Canadian Adults Choose Health, Every Day.

Jessica Nooyen1
, Tahsinul Anam1, Mohammad Alavinia1, Paul Oh 1,2 

1 Toronto Rehabilitation Institute-University Health Network    2 University of Toronto, Faculty of Medicine

Introduction

In Canada, 64% of deaths are attributed to non-

communicable diseases (NCDs) and behavioural

risk factors playing a prominent role in the

manifestation of these.1 Health economists suggest

that a cost-effective approach in the prevention of

premature death is averting or delaying the onset

of disease.

The ACCELERATION (ACtivity, smoking

Cessation, healthy Eating and aLcohol

intERvention, and motivation) program is built on

the groundworks of evidence-based rehab models;

delaying the onset of disease and extending life

expectancy.

Objectives 

The effective delivery of our model of care has

meant that participants’ have lowered their risk of

developing NCDs. This was achieved through the:

1. Delivery of an enhanced prevention program to

populations at-risk of NCDs targeting the “4

Health” behaviours common to many NCDs.

2. [Positive] effect in self-identified health

behaviours in roughly 600 Canadians at-risk of

developing NCDs.

Methods Results

Discussion

References 
Public Health Agency of Canada. (2013). Risk Factor Atlas. 

Questions? Contact:

jessica.nooyen@uhn.ca

Study Design: A prospective

uncontrolled behavioural

change intervention delivered

across four provinces (ON,

BC, QC, and NS) in Canada.

Intervention: 12- Week

structured education and

exercise based intervention

centered around “4 Health”

behaviours to strengthen

intentions to adopt and

sustain newly formed health

habits. All statistical analyses

were conducted using SPSS

version 22.

Figure 2 : Participants (%) who’ve achieved target behavioural change 

guidelines  at baseline and 12-week time points.

Participants added 30 minutes of MVPA each week at post

intervention (p<0.001) with 14% absolute increase (p<0.001) in

those who have achieved the MVPA guideline. Fruit and

vegetable (F & V) consumption increased by 1.1 servings per

day (p<0.001) with 24% absolute increase (p<0.001) in those

who have achieved target guideline. Lastly, there was a 22% &

41% relative reduction respectively in the number of individuals

who smoked and considered as high risk drinkers (p<0.001).

(Table 1 & Figure 2 for an overview of findings)

Table 1: Primary Outcomes  at Baseline & 12 weeks  (N=583)

The ACCELERATION program, improved behavioural risk

factors among study participants over the structured 12-week

period. Even small positive effects, if maintained, have the

potential to impact on long-term health outcomes.

Primary Outcomes Baseline 12-Week p-Value

Minutes of MVPA/week
90 (IQR: 180)

(N=351)

120 (IQR: 135)

(N=321)
<0.001

Percent of participants achieving 

MVPA guidelines* 
103 (29.3%) 138 (43.3%) <0.001

Number of servings of fruits & 

vegies/day

4.5 ±2.7

(N=276)

5.6±2.3

(N=266)
<0.001

Percent of participants achieving 

Fruits & Vege guidelines** 
121 (43.8%) 180 (67.7%) <0.001

Current smoker
51 (8.9%)

(N=575)

40 (7.0%)

(N=572)

<0.001

High-Risk alcohol drinking 27 (11.7%)

(N=231)

16 (9.2%)

(N=173)
<0.001

Figure 1: Intervention Pathway
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Measuring Foot Clearance on Outdoor Walkways

Ghazaleh Delfi1,2, Megan Kamachi1,2, Jose Diaz Beltran1, Tilak Dutta1,2

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto 

Introduction

Each year 3 million people in

US suffer from falls

20%of falls result in injury

More than half of falls are

due to tripping

Safer walkways

Promote being active

Prevent falls

What causes trips? Minimum foot clearance (MFC)

Studying MFC in an 

uncontrolled environment

Methods and Objectives

How it works?

Developing the software

1.                                         2.                               

Locating the sidewalk          identifying the shoes;                            

I i.e. the bottom of the shoe

3.

Finding the distance between the laser pointers on 

pedestrian’s foot

Calculate the Minimum Foot Clearance

Preliminary Results

Mask R-CNN

Neural net used for instance segmentation (trained on 

shoes) + gait phase detection 

Discussion

Design more accessible cities using realistic data

13% of older adults under the current threshold for 

sidewalk obstacle repairs

Monitor various gait parameters

Use to conduct research on human gait

References

1. Web based injury statistics reporting system

2. Begget al, Minimum foot clearance during walking: strategies for the 

minimization of trip-related falls. 2007

3. Barrett et al, A systematic review of the effect of ageing and falls history 

on minimum foot clearance characteristics during level walking, 2010.

The device will be 

placed on the street, 

shining lasers on to 

the pedestrian feet 

while walking by and 

recording their gait 

using the camera.

Ghazaleh.Delfi@mail.utoronto.ca
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http://biometrics.derawi.com/wp-

content/uploads/2011/01/gaitcycle.png
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Figure 1.  Participants were seated in a 6 degrees-of-freedom 

motion platform, blindfolded and wearing noise-cancelling 

headphones.

Tests of Vestibular Perception (Pitch & Heave):

• Two, 7.5 second intervals/movements:

• One with pitch or heave

• Another with no motion.

• “During which of the two 

presented intervals did 

you move?”

Aging, Hearing, and Balance: Characterizing the Link Between Hearing Loss 

and Vestibular Sensitivity. 

1Toronto Rehabilitation Institute – University Health Network, 2Department of Psychology, University of TorontoIntroduction

Older adults with age-related hearing loss 

(OAHL) are 3x more likely to fall than older 

adults with normal hearing (OANH).

Are there paralleled age-related declines in 

auditory and vestibular systems?

– Close proximity (inner ear) 

– Shared input to the brain 

(vestibulocochlear nerve)

– Similar methods of transduction 

(mechanical displacement of hair cells).

Objectives

Tests of Vestibular Organ Function:

• Vestibular-Evoked Myogenic Potential 

• Video Head Impulse Test

Tests of Balance (Posturography, 30s):

• Eyes open, firm surface

• Eyes open, compliant surface

• Eyes closed, compliant surface

• Eyes/ears closed, compliant 

surface

Results

• Older adults with hearing loss were less sensitive at detecting angular velocity in pitch compared to older adults without hearing loss 

• YANH had less variable standing balance than OANH or OAHL, and OANH had less variable standing balance than OAHL.

• Overall, these results suggest that age-related hearing loss may be associated with lower vestibular sensitivity.

• This may put them at greater risk for mobility problems and may underlie their demonstrated increased risk of falls.

www.mive.ca

grace.gabriel@mail.utoronto.ca or jennifer.campos@uhn.ca

Grace Gabriel1,2  Joshua Gnanasegaram1,2,4, Laurence Harris3, Sharon Cushing1,4, 

Karen Gordon1,2,4, M. Kathleen Pichora-Fuller1, Bruce Haycock1,2, Jennifer Campos1,2

1) University of Toronto 2) Toronto Rehabilitation Institute – UHN, 3) York University 4)  Hospital for Sick Children

Age 

M(SD)

Female 

: Male

Pure Tone

Audiometric 

Thresholds (dB 

HL) M(SD)

YANH1
28 

(3.86)
8:5 ---

n = 13 13 -

OANH
68.88 

(5.76)
7:9

11.92

(8.97)

n = 16 16 12

OAHL
75.93

(7.56)
9:7

41.27

(11.15)

n = 16 16 13

Activities-specific, 

Balance, 

Confidence Scale

SSQ of 

Hearing
MoCA

OAHL

M =

(SD)

96.62 

(3.16)

7.07 

(1.32)

28.50

(1.18)

n = 12 12 12

OANH

M =

(SD) 

85.86 

(14.96)

.19 

(0.69)

26.90

(2.28)

n = 13 13 13

Participants

• Investigate whether OAHL have poorer 

ability to perceive passive self-motion in 

the dark compared to OANH.

• Investigate whether OAHL have lower 

postural stability than OANH.

Table 1: Participant Demographics. 1Younger adults with 

normal hearing

Table 2: Baseline Measures. 

Baseline Measures

Participants

Discussion

Procedures

@TRI_UHN
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Questions?

Contact:tilak.dutta@uhn.ca

Personal Support Worker Fall Prevention Using Slip-Resistant Footwear

Jose Diaz Beltran1,2, Zahra Bagheri1, Paul Holyoke4, Tilak Dutta1,3

1Toronto Rehabilitation Institute – UHN, 2University of Guelph – School of Engineering, 3University of Toronto, Institute of Biomaterials and Biomedical Engineering, 4SE Health

Introduction

• Fall-related injuries on ice are common 

for Personal Support Workers (PSWs) 

in the winter [1]

• Footwear testing using the Maximum 

Achievable Angle (MAA) test at TRI 

has shown that most footwear on the 

market performs poorly

Objective

Methods

Participants (PSWs from SE Health)

• 50 PSWs received the footwear that passed our MAA 

test (intervention group: females wore boot A and 

males wore boot B)

• 60 PSWs wore their own footwear (control group)

Approach

Weekly online surveys were sent out to both groups for 

eight weeks January to February, 2018 asking:

• Did you walk on icy surfaces this week

• Did you slip on any icy surfaces? If yes, how many 

slips?

• Did you fall on any icy surfaces? If yes how many 

falls?

Results

Discussion

• PSWs in both groups reported a surprising number of 

slips/falls

• Better footwear would have dramatically reduced the 

costs of falls and injuries for Saint Elizabeth

• PSWs loved the footwear we provided

References

[1] Chang et al. (2016). State of science: Occupational slips, trips and falls 

on the same level. Ergonomics, 1-23.

A (MAA Score: 9ᵒ) B (MAA Score: 8ᵒ)
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Slip Rate

Control

Intervention

• The slip rate is about  3 times lower in the 

intervention group than in the control group

• The fall rate was about  4.5 times lower in the 

intervention group than in the control group

Control Intervention

Slips 419 114

Falls 28 5

• The average number of survey responses were 50 and 

48 in the intervention and control groups, respectively.

• The table below shows the total numbers of slips and 

falls reported:
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Footwear ID

• Only six of the 40 types of footwear appropriate for 

PSWs passed the MAA test (scored 7ᵒ or higher)

• See ratemytreads.com for all results

• Providing homecare workers the best footwear on the 

market could reduce the risk of falls for these 

vulnerable workers

To investigate whether slip and/or fall frequency can be 

reduced if PSWs are given footwear that passed the 

MAA test.





Megan Kamachi1,2, Mohammad Owlia1, Tilak Dutta1,2

1Toronto Rehabilitation Institute, University Health Network; 2Institute of Biomaterials & Biomedical Engineering, University of Toronto

70% of caregivers experience back pain each year.

Training Caregivers to Prevent Back Injuries Using PostureCoach

PostureCoach is a wearable device that provides immediate audio feedback and a gentle vibration when 

the user’s spine flexion puts them at risk of low back injury.

This study aims to develop and evaluate a multi-component 

training intervention to reduce the amount of spine flexion utilized 

during caregiving tasks. The goal is to teach caregivers to use a 

neutral spine while lifting and be able to retain safe postures over 

the long-term.
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Slip Resistance Evaluation of Winter Footwear based on Estimating the 

Probability of Slipping
Norman Huynh1,2, Atena Roshan Fekr1,3, Geoff Fernie1,3

1Toronto Rehabilitation Institute – University Health Network, 2Department of Computer Science – University of Toronto, 3Institute of Biomaterials and Biomedical Engineering, University of 

Toronto

Introduction

❖Choosing suitable 

footwear is fundamental to 

reducing the number of 

slips and falls1,2

❖Almost 30,000 emergency 

visits in Toronto were due 

to slip-related injuries from 

2006 to 20151

❖The Maximum Achievable 

Angle provides the angle 

where a boot starts to slip

on ice2

Figure 5: WinterLab - a controlled 

environment chamber with a 4.2m long icy 

floor - being tilted during a test.

Contact Information:

norman.huynh@mail.utoronto.ca 

Method

1.Data: Healthy participants (aged 20-40) 

walking in WinterLab

2.Model: Logistic Regression Classifier 

with Angle, Dry/Wet Ice, and 

Up/Downhill walking as predictors

3.Optimized the probability cut-off for the 

Logistic Regression curve based on cost-

minimization of false positives (cost of 

boot) and false negatives (cost of injury 

treatment3). 

Estimate the probability of slipping for 

a given Angle, Ice condition, and 

Direction of walking for each type of 

boot.

Main Objective Results

❖Obtained 4 Maximum Achievable Angles for each boot:

(Dry, Uphill), (Dry, Downhill), (Wet, Uphill), (Wet, Downhill)

❖Greater than 98% sensitivity (all slips were correctly 

classified by our model) at the probability cut-off found

❖40% false positive rate as a consequence of high sensitivity

Table 1: Minimum (current) vs. the new model’s MAA outcome at the cut-off 

defined by the minimum cost.

Conclusion

 Currently, the minimum MAA 

from all participants is 

published. 

 The use of a cost-minimization 

function may help us in 

providing a probability of 

slipping at the MAA.

Figure 4: The intersection of the golden and blue lines represent the cut-off that 

minimizes the cost of false negative and false positive classifications.

References
1Toronto Centre for Active Transportation, 2016. 
2Hsu, J., Li, Y., Dutta, T., & Fernie, G., 2015.
3Canadian Institute for Health Information, 2017.

Figure 1: Recording a participant’s slip-

data on melting ice at a room 

temperature of 7.5℃. 

𝑪𝒐𝒔𝒕 =(𝑭𝒏𝒓) 𝑵𝒀=𝟏 𝒄𝑭𝒏𝒓 + (𝑭𝒑𝒓)(𝑵𝒀=𝟎)(𝒄𝑭𝒑𝒓)

Figure 2: Outsoles of the footwear used 

in our evaluation. Blue spotted soles (1-

3) use Arctic Grip technology. White 

crystals indicates Green Diamond (4).

1 2 43

Footwear Model Utilized
Dry Ice Wet Ice

Uphill Downhill Uphill Downhill

ID246
Minimum MAA 9 8 9 8

Logistic Regression 9.10 9.01 8.99 8.90

ID247
Minimum MAA 8 7 11 8

Logistic Regression 7.71 6.93 10.79 10.01

ID249
Minimum MAA 8 7 7 7

Logistic Regression 8.60 7.54 7.74 6.69

ID250
Minimum MAA 6 6 9 9

Logistic Regression 8.99 8.50 9.70 9.22

Figure 3: The Cost Analysis and ROC curves for footwear 

ID247 (2)



Pressure Injury Prevention: Detecting the Need for Patient Repositioning 

Sharon Gabison1, Gordon Wong1, Elham Dolatabadi1, Gary Evans1, Pamela Holliday1,2,     

Hisham Alshaer1, Geoff Fernie1-3, Tilak Dutta1,3 

1Toronto Rehab – University Health Network,  2Department of Surgery, 3Institute of Biomaterials and Biomedical Engineering, University of Toronto

• ~15% of individuals in community care experience a pressure 

injury (PI) that generates monthly costs of $9,0001 each

• PIs cause pain and suffering, complicate treatment, extend 

hospital stays, increase the risk of infection, stress and 

caregiver burden

• Frequent and consistent repositioning is an effective strategy 

for preventing PIs and is the best way to promote healing if 

one has formed

Hallisey Post-Doctoral Fellowship

The Problem

Our Solution: SoreLoser 

Research Question Results

1. Woodbury et al., Ostomy Wound Management, 50(10), 22-38, 2004.

References

• Develop user interface to enable prompting 

system for repositioning, and testing usability in 

clinical environment and in the community

• Commercialize the SoreLoser system

Future Directions

The Deep Feed Forward Neural Network classifier (with 30% of 

the left-out subject’s data used for incremental learning) was able 

to detect the patient actor poses with 94% accuracy.

Participants 

• 20 healthy volunteers acting as mobility limited patients

• 8 M/12 F, mean age: 31.0  15.2 years, BMI 23.5  3.8 kg/m2

Data Collection and Analysis

• Participants assumed 12 poses below, which varied:

• Head of bed angle: flat or elevated 30°

• Positioning device used: pillow, 30° wedge or no device

• Orientation in bed: supine, left or right side-lying

• Logistic Regression (LR) and Deep Feed Forward Neural 

Network (FN) classifiers were trained and tested

Methods

72.9%

84.2%
85.5%

87.4%

80.0%

87.7%

92.3%

94.2%

70%

75%

80%

85%

90%

95%

100%

LR0% LR10% LR20% LR30% FN0% FN10% FN20% FN30%
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Classifier Model

Classifier Model vs Accuracy

How accurately can SoreLoser predict an individual’s position in 

bed (supine, left or right side-lying)?

SoreLoser can detect the need for patient repositioning using 

data from four sensors (load cells) placed under the bed. 

Right side lyingLeft side lyingSupine

Questions? Contact:

Gordon.Wong@uhn.ca
@TRI_UHN
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Evaluation of Ice and Snow Melting Process on Conventional and 

Permeable Pavements

From Sidewalks to Healthcare

What are the characteristics of permeable 

pavements?

- Low Impact Development (LID) technology 1.

- Allow water to infiltrate into the ground soil.

- Reduce surface moisture and ice buildup in winter .

Research Objectives

Experimental Setting

Temperature Profile

Conclusions

 Based on these preliminary results permeable 

pavement is more likely to drain away moisture 

during the day and prevent refreezing at night

 Permeable pavements are a better candidate for 

pedestrian sidewalks. 

 Field study is required for further validation.

References

1. Drake, J. A., et. al. (2013). Review of environmental performance of 

permeable pavement systems: State of the knowledge.

2. Preventing Injuries from Wintertime Slips and Falls in Toronto, 2016.

How do hazards on sidewalks affect people?

- Between 2006-2015, almost 30,000 Torontonians 

went to the emergency room after slipping on 

ice/snow 2.

- Compare the snow/ice melting profile of 

conventional and permeable pavements. 

- Investigate the usability of permeable 

pavement in cold climate. 

I. ClimateLab Test: replicates a 

range of environmental 

conditions, from bleak winter (-

20⁰C) to hot summer (+35⁰C). 

Surface Treatment: (1) Dry, (2) 

Black ice, (3) Compacted snow, 

(4) Loose snow 

II. Field Test: includes a freeze-

melt transition to facilitate 

natural melting of snow in open 

space. 

Surface Treatment: Natural 

snowfall happened overnight on 

March 12-13, 2018.

Results

Which pavement does snow/ice melt faster on?

Figure 2. Sample result extracted from an ice-melting test conducted 

in Climate Lab on June 26, 2018.   

Table 1. A comparison study between conventional (CP) and permeable (PP)  

pavements . 

Link: http://v-dvinsk.info/permeable.html

Henry Huang1, Norman Huynh2, Pouya Ahmadian1, Sanja Hulec3, Tilak Dutta3,4, Atena Roshan Fekr3,4, Geoff Fernie3,4

1Faculty of Applied Science & Engineering, University of Toronto, 2Department of Computer Science, University of Toronto, 3 Toronto Rehabilitation Institute, University Health Network (UHN), 
4Institute of Biomaterials and Biomedical Engineering, University of Toronto.

Natural snowfall CP and PP were similar

Ice PP was 26 minutes faster

Loose snow PP was 58 minutes faster

Compacted snow PP was 138 minutes faster
Figure 1: Emergency Department Visit and Hospitalization Rates 

for Falls on Snow or Ice per 100,000 population in Toronto, in winter 

months (November 1 to April 30), 2006 to 2015 2

Contact: henrytz.huang@mail.utoronto.ca
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The Effects of Virtual Reality-induced Threat on Performance of a 

Walking Balance Task
Amir Boroomand-Tehrani1,2, Andrew Huntley1, David Jagroop1, Jennifer Campos1,3, Kara Patterson1,4, Luc 

Tremblay5, Avril Mansfield1,4,6
1Toronto Rehabilitation Institute – University Health Network; 2Rehabilitation Sciences Institute, University of Toronto; 3Department of Psychology, University of Toronto; 4Department of Physical Therapy, University of 

Toronto; 5Faculty of Kinesiology and Physical Education, University of Toronto; 6Evaluative Clinical Science, Hurvitz Brain Sciences Program, Sunnybrook Research Institute.

Introduction

• Rapid motor learning occurs when errors threaten an 

injury.1

• Adaptive reactions may optimize motor performance 

and lead to errorless practice.

• Virtual reality (VR) can provide safe and effective 

means to investigate effect of threat on motor 

performance.2

Objectives

1. Determine if performance of a balance task 

improves in situations where threat of injury is 

high

2. Inform the methods of future studies using VR-

induced threat in a walking balance task

Results

Discussion

• Walking balance performance may be improved in 

situations of high perceived threat. 

• State anxiety scores provide support for VR inducing 

threat. 

• Mismatch in the low-threat environments may indicate 

a need for design improvement or reflect inherent 

differences experienced in VR-walking.

• This study is a first step towards understanding the 

role of perceived threat on motor learning.

References

1. Bhatt T, et al. Arch Phys Med Rehabil. 2012;93(4):557-564.

2. Ehgoetz Martens KA, et al. Neuropsychologia. 2015;79(Pt B):322-331.

Questions? 

Contact: amir.tehrani@mail.utoronto.ca

Real + Low Threat

Virtual + Low Threat

Virtual + High Threat

Inform methodology

If VR experience 

approximates real world, 

results will be similar for 2 

low-threat conditions.

Test hypothesis

We hypothesize that 

performance will be 

higher in the high-threat 

condition.

Primary outcome: percentage of successful steps

Secondary outcome: state anxiety scores from the Endler

Multidimensional Anxiety Scale – State

Balance beam walking task in 3 different conditions. 

𝐒𝐭𝐞𝐩 𝐒𝐮𝐜𝐜𝐞𝐬𝐬 =
𝐒𝐮𝐜𝐜𝐞𝐬𝐬𝐟𝐮𝐥 𝐒𝐭𝐞𝐩𝐬

𝐓𝐨𝐭𝐚𝐥 𝐒𝐭𝐞𝐩𝐬
× 𝟏𝟎𝟎%

Distinct discrepancies were observed between the two 

low-threat environments.

Step success and state anxiety higher in virtual 

high-threat than virtual low-threat. 

Methods

@SIMBL_TO

Age (years) 22 ± 2

Height (m) 1.68 ± 0.07

Weight (kg) 69.0 ± 8.9

Number of men 4/8

Values shown as mean ± standard deviation. 

Step success and state anxiety across conditions, shown as mean 

± standard deviation.
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Administrators’ Perspectives on the Factors Influencing Fall Prevention 

for Patients with Spinal Cord Injury in Canadian Rehabilitation Hospitals

Hardeep Singh1,2; Beverly Craven1,2,3,4; Heather Flett1,4; Chelsey Kerry1; Susan Jaglal1,2,4; Michelle Silver5; Kristin Musselman1,2,4

1 Toronto Rehabilitation Institute-University Health Network; 2 Rehabilitation Sciences Institute, Faculty of Medicine, University of Toronto; 3 Division of Physical Medicine and Rehabilitation, Faculty of Medicine, University of Toronto;                         

4 Dept. of Physical Therapy, Faculty of Medicine, University of Toronto; 5 Institute of Health Policy, Management and Evaluation, University of Toronto.

Introduction

• Falls are common after spinal cord injury (SCI)1

• Fall prevention is a priority for administrators of 

SCI units in rehabilitation hospitals

• Little is known about the challenges with the 

implementation of fall prevention policies faced 

by administrators in Canadian SCI rehabilitation 

hospitals

Objectives 

Study Design: Qualitative Interpretive description2

Data Collection: Interviews and document review

OR        

Data Analysis: Qualitative interviews with eight 

administrators from six SCI rehabilitation hospitals 

analyzed using constant comparative analysis3

Fall prevention documents from six SCI 

rehabilitation hospitals analyzed using a document 

analysis

Results

• Lack of evidence-based tools to accurately 

predict fall risk in patients with SCI

• Balancing autonomy and patient safety during 

SCI  rehabilitation is a challenge in fall 

prevention

• Larger review of trends about falls lacking, but 

would inform clinical practice

• Zero patient harm is a more appropriate goal 

than zero falls in SCI rehabilitation

• Encourage a self-management approach to 

fall prevention from day one of patient’s rehab

References

1. Wannapakhe et al. J Spinal Cord Med 2015;38:84-90.

2. Thorne. Interpretive description. Left Coast Press; 2008. 

3. Strauss, et al. CA: Sage Publications; 1990.

Questions? Contact: hardeepk.singh@mail.utoronto.ca

kristin.musselman@uhn.ca

Document 

review

SCI Rehab

Fall prevention

•Policy

•Pamphlet

• Education

•Tools

Methods

Discussion

1) To explore, from the perspectives of administrators 

the challenges faced with fall prevention 

implementation

2) To compare fall prevention policies and 

procedures between Canadian SCI rehabilitation 

hospitals

Similarities and differences in fall prevention documents of SCI 

rehabilitation hospitals

Conclusions

• Administrators described fall prevention 

implementation challenges related to policies 

and procedures, clinicians and patients

• Document analysis highlighted similarities (e.g. 

fall risk and post-fall assessments) and 

differences (e.g. post-fall huddles and 

communication tools) in fall prevention policies 

and procedures across rehabilitation hospitals

• Sharing responsibility for fall prevention with 

patients in SCI rehabilitation negates a transfer 

of fall prevention responsibility

a.Organizational fall 

prevention policy 

is not SCI-specific 

b. Zero falls aim c. Determining 

contributing 

factors

c. Integrating fall 

risks to guide 

clinical practice

b. Inconsistent 

delivery of fall 

prevention 

education

a.Variable staff 

adherence with fall 

prevention 

practices

a.Balancing risk 

versus a patient’s 

autonomy and 

rehabilitation 

progress

b. Responsibility for 

fall prevention

c. Non-preventable 

falls

Pre-fall Post-fall

Similarities

•Complete fall risk assessment at 

admission and re-assess when 

patient’s medical status changes

•Implement universal fall 

precautions

Differences

•Definition of a fall

•Fall risk assessment tools 

•Fall prevention strategies

Similarities

•Minimize patient injuries post-fall 

•Requirement for post-fall huddles

•Requirement for incident report 

completion
Differences

•Who can determine when to mobilize 

a patient post-fall

•Requirement to establish cause of fall

•Timeframe to complete post-fall 

huddle

•Post-fall huddle discussion 

•Incident report format and     

timeframe to complete

•Fall classifications

Similarities

•Identify and then 

communicate high risk patients

•Requirement to communicate 

a fall with the unit manager 

and caregivers

Differences

•Communication tools used

Theme 1: Fall Prevention Policy and Procedural Challenges

Theme 2: Clinician-related Challenges 

Theme 3: Patient-related Challenges 

CCCommunication
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Characterization of Compensatory Stepping for Balance Recovery in Response to Falling

Jaeeun Yoo1,2, Matthew Heffernan3, Jae Woung Lee1,2, Katherine Chan2,4, Janelle Unger2,4, Kristin Musselman2,4,5, Kei Masani1,2

1) Institute of Biomaterials and Biomedical Engineering, University of Toronto

2) Lyndhurst Centre, Toronto Rehabilitation Institute, University Health Network

3) Faculty of Kinesiology and Physical Education, University of Toronto (All institutions in Toronto, ON, Canada)

Background

With iSCI, postural balance is impaired by partial paralysis of leg muscles [1]

Fall prevention requires good reactive balance in response to perturbations [2]

A single step can counter the change in the centre of mass (COM) caused by 

a large perturbation

If the initial step does not adequately compensate for the COM change, 

multiple steps are required to restore balance

[1] Wannapakhe et al. Phys Ther., 2014 [2] Maki & McIlroy, Age Ageing., 2006

Shorter Step Length Indicates Impaired Reactive Balance

4) Rehabilitation Science Institute, University of Toronto

5) Department of Physical Therapy, University of Toronto

Study Demographics (to date)

• Recruited 17 participants with iSCI (age 59.1±14.6),

13 age- & sex-matched AB participants (age 58.0±12.5)

• Kinetic data analyzed for

6 iSCI (4F/2M; age 52.9±13.1), 6 matched AB (4F/2M; age 52.6±12.7)

• From previous, kinematic data analyzed for

4 iSCI (2F/2M; age 54.5±15.8), 4 matched AB (2F/2M; age 53.2±16.1)

COM Displacement

COM Velocity

COM Acceleration

At first heel strike, average AP COM position was greater with multiple steps,

i.e., those who required multiple steps were pitched further forward at first step;

It is also more variable with multiple steps just after the 1st step.

AP COM velocity and maximum velocity 0~0.5s after first heel strike was greater 

with multiple steps, i.e., first step was insufficient to halt forward momentum;  

it was also more variable after the 1st step.

Ideal
Location

Step
Too Far!!

Ideal
LocationIdeal
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!
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Poster # 149.15
Neuroscience 2018

San Diego, Nov 3-7

Contact: Jaeeun (Angela) Yoo

angela.yoo@mail.utoronto.ca

To characterize the differences in reactive balance between:

1) able-bodied (AB) individuals and individuals with

incomplete spinal cord injury (iSCI)

2) single- and multi-step responses

Purpose

Experimental Method: Lean-and-Release

• Participant attached to tether at

lower back, leans forward only

using ankles (as possible)

• Target tension on tether:

10±2% body weight

• 10 true & 3 sham trials, randomized

True: tether released without notice,

participant falls forward

Sham: tether unreleased,

participant stays leaning

(~30s)

• Tether tension data recorded from

load cell

• Kinetic data recorded from

4 force plates (2L/2R)

• Kinematic data recorded from

6 infrared cameras

1

• Preliminary results demonstrate observable kinetic and 

kinematic differences in the fall response at and just after 

first heel strike, between single- and multi-step trials as well 

as individuals with iSCI and AB individuals.

• Further analyses are required to determine the cause of 

these differences and for statistical conclusions.

Conclusion

ONF 2016 RHI PREV 1019

Anterior-Posterior (AP) COM Kinematics:

Multiple vs. Single Steps
3

Higher Variability of 1st Step GRF Correlates with 

Impaired Reactive Balance

2

AP COM acceleration 0~0.5s after first heel strike was larger in magnitude and 

more variable with multiple steps, i.e., first step was unstable.
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The Effects of Whole Body Vibration Therapy on Reducing Fat Mass in 

the Adult General Population,  A Systematic Review and Meta-Analysis
Maryam Omidvar1, Mohammad Alavinia1, 2, Catharine Craven1, 2

1 Toronto Rehabilitation Institute-University Health Network, 2 University of Toronto, faculty of Medicine

Introduction

Objectives 

This systematic review and meta-analysis aimed to investigate the 

effect of WBV therapy in reducing fat mass (%/kg) in the adult (18-

50 years) general population.

Methods

Conclusion

Questions? Contact: 416-597-3422 x 6167

maryam.omidvar@uhn.ca

WBV results in small but clinically insignificant reduction in fat mass 

(%/kg) with 6-24 weeks of WBV therapy. Future research may address 

alternate vibration parameters and  the role of WBV for addressing 

obesity or morbid obesity in large homogeneous trials.

 Whole body vibration (WBV) has emerged as a 

popular adjunct to physical activity to address 

fitness and weight goals but the results are 

inconsistent.

 The effects of WBV are strongly dependent on the, 

device type and vibration parameters including 

frequency, amplitude and duration. 

Search Strategy: Medline, Embase, Cochrane Central Register of 

Controlled Trials and Cochrane Database of Systematic Reviews via 

Ovid, CINAHL via Ebsco and PubMed, up to May 5th, 2017. 

References
1. Emerenziani, G.P., et al., Whole body vibration: unsupervised training or combined 

with a supervised multi-purpose exercise for fitness? Journal of Sports Sciences, 2014. 

32(11): p. 1033-41.

2. Rauch F. et al., Reporting whole-body vibration intervention studies: 

Recommendations of the International Society of Musculoskeletal and Neuronal 

Interactions journal of Musculoskeletal Neuronal Interact, 2010 Sep;10(3):193-8.

Figure 2 – Results of the Meta-analysis for the effect of WBV on body fat mass (%)

Figure 3 – Results of the Meta-analysis for the effect of WBV on body fat mass (kg)

Figure 4- Risk of bias and methodological quality assessment for included studies

Seven clinical trials were included in the systematic review, which used three different WBV devices. Figure 2 shows the overall effect of WBV on 

fat mass reduction (-0.72 (-2.04-0.61) ) reported by three studies with I2 of 62%. Figure 3 shows the overall effect of WBV on fat mass per kg -0.67 

(-1.52, 0.18), which was reported by two studied with I2 of 59%. No evidence of heterogeneity across the studies for both meta-analyses.

Methodological quality assessments showed many “unclear” scores 

on allocation concealment, indicating risk of selection bias (figure 4).

Results

Figure 1- Flow chart, process of article selection for review
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Introduction

Objectives

Primary objective: To determine whether trabecular 

volumetric BMD (TrabvBMD) changes in individuals with 

a chronic SCI.

Secondary objective: To determine if other bone 

indices (polar moment of inertia, cortical vBMD, cortical 

thickness, and cortical cross sectional area) change in 

individuals with a chronic SCI. 

Individuals with a spinal cord injury (SCI) are at an 

increased risk of fractures due to bone loss in the lower 

extremities. Bone is lost at a rapid rate within the first 

year of injury. It remains unclear if bone loss reaches a 

steady state in the chronic phase ( ≥2 years post injury).

Methods 

Questions? Contact: 

relkotob@uwaterloo.ca

Study design:The longitudinal bone changes were 

examined via a secondary analysis of data from a 

prospective, observational study. 

Participants: Eligible participants were ≥18 years of age, 

had diverse levels of SCI (C2-T12 AIS A-D) of sudden 

onset (<24 hours), and were at least 2 years post injury. 

Image acquisition and analysis: A 

peripheral quantitative computed 

tomography (pQCT) scanner was 

used to acquire images of the 4% and 

38% tibia site. A paired samples t-test 

or a Wilcoxon signed-rank test were 

performed to compare the 

measurements. 

Results

Table 1 Participant Characteristics at Baseline (n=70)

Characteristics All participants 

Age in years, mean (±SD) 48.8 (11.5)

Sex, n (%) 

Males

Females

50 (71)

20 (29)

Time post injury, mean (±SD) 15.5 (10.0)

Level of Injury, n (%)

Tetraplegia 

Paraplegia 

36 (51)

34 (49)

Severity of Injury, n (%)

Complete

Incomplete

45 (64)

25 (36)

Bisphosphonate Exposurea, n (%) 51 (73)

Abbr: SD, standard deviation 
aCurrent or previous use of bisphosphonate medications including alendronate 

(Fosamax/Fosavance), risedronate (Actonel/Actonel Delayed Release), zoledronate (Aclasta), 

etidronate (Didrocal), and pamidronate (Aredia). Discussion 

Take Home Message:

Individuals with a chronic SCI may have reached a 

steady state in bone loss when it comes to trabecular 

bone. Cortical bone loss, however, may continue well 

into the chronic stages. 

Examining the Longitudinal Changes in Trabecular Bone in Individuals 

with a Chronic Spinal Cord Injury
Rasha El-Kotob1,2, B. Catharine Craven2,  Lehana Thabane3, Alexandra Papaioannou3,4, Jonathan D. Adachi4, 

Lora M. Giangregorio1,2,5

1Department of Kinesiology, University of Waterloo; 2Brain and Spinal Cord Rehabilitation Program, Toronto Rehabilitation Institute, University Health Network; 3Department of Clinical 

Epidemiology and Biostatistics, McMaster University; 4Department of Medicine, McMaster University; 5Schelgel-University of Waterloo Research Institute for Aging, University of Waterloo

References
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2. Eser et al., Bone, 34(5), 869-880, 2004.

3. Dudley-Javoroski et al., J Rehab Res Dev, 49(9), 1365–1376, 2012.

Cross-sectional studies have found that the loss in 

TrabvBMD occurs at a much faster rate than the loss in 

cortical bone [2,3] and as a result, cortical bone changes 

post-SCI may take longer to reach a steady state than 

trabecular bone changes.

Figure 2: There were no statistically significant changes inTrabvBMD

between the study points.  

Figure 3: There was a statistically significant decline in cortical thickness 

between baseline and year 1. 

Figure 1: A pQCT scan 

of the tibia (leg) can be 

taken while the 

individual is in a 

wheelchair [1]. 
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The Problem with No Solution? Exploring Unwanted Sexual Attention in 

Residential Long-term Care

Alisa Grigorovich1,2, Pia Kontos1,2

1 Toronto Rehabilitation Institute – University Health Network, 2 Dalla Lana School of Public Health, University of Toronto 

Background

• Female care providers working in residential long-

term care homes (e.g. nursing homes) often 

experience unwanted sexual attention from 

residents.

• These types of experiences negatively affect the 

mental health and occupational outcomes of care 

providers, and may undermine care relationships 

and quality of care provided.

Objectives

1.To explore perceptions and experiences of female 

care providers regarding unwanted sexual attention 

from residents.

2.To identify factors that influence experiences and 

responses to unwanted sexual attention from 

residents.

Methods 

Results

Where is the support?

It will be nice if all of us have the proper training. Like 

how to have a proper conversation with that kind of  

situation, and…how to approach, or how to respond 

to that kind of situation without offending the person. 

And like…when you're doing the care…so [providers] 

know how to protect themselves. (Nursing)

[Our policy] doesn’t really focus on resident to staff. 

We know that staff to resident, that’s abuse and 

you’re out. Zero tolerance. But [there’s] nothing 

around resident to staff…and how it made that staff 

feel. (Nursing). 

Discussion and implications

• Normalization sustains providers’ vulnerability to 

unwanted sexual attention. 

• Management strategies are reduced to individual-

level interventions and may also contribute to the 

unfair restriction of residents’ liberty. 

• Providers receive limited professional and 

organizational guidance regarding unwanted 

sexual attention, which unjustly places the burden 

of managing unwanted sexual attention on 

individual providers.

• Inter-professional guidelines and education are 

needed to better support the health and wellbeing 

of both providers and residents in long-term 

residential care.

• An ethnographic study of one residential long-term 

care home in Ontario.

• In-depth interviews conducted with diverse care 

providers.

• All data were analyzed thematically by drawing on a 

feminist political economy theoretical perspective. 

Table 1: Characteristics of participants (N = 26)

Mean age (range) 44 (24-64)

Education 1      High school diploma

18    College diploma or undergrad degree

7      Post-graduate

Discipline 10   Nursing

4     Personal support

5     Recreation

3     Social Work

4     Other

It’s the dementia

I think [staff] just take it…That’s why I think it could be there 

are a lot of unreported cases because people 

just...[attribute] it to the diagnosis of a resident, so, “Oh 

yeah, they have dementia”...and then it’s just normalized in 

a sense and it’s okay. (Recreation)

Managing the resident

[W]hen I'm [doing personal care] I distract him [by] talking 

about music…when I touch the thing [his genitals]…[I’m] 

talking to him about music…and he doesn't talk about sex 

to me. (Personal Support)

A preventative measure? You know, [be aware of] what’s 

happening in the environment that could be triggering the 

behaviour…if that resident…likes to touch and do 

things…We have moments when residents have music and 

they’re dancing and this resident would want to get up…to 

come and dance with you, so you wouldn’t let him 

participate in that. (Nursing)



Introduction
Noise is an important sensory stimulus in any environment, especially in unfamiliar 
settings. People with dementia may already feel strange, isolated, and confined inside 
care facilities; uncontrolled sound can add to their anxiety and agitation. Soundscape 
refers to the human perception of sonic environment in context (Brown et al, 2016).

Study Objectives
This research aims to develop a soundscape of the Specialized Dementia Unit at Toronto 
Rehabilitation Institute. The soundscape has an objective and subjective approach. The 
objective approach through acoustical data gives a physical view into the quality of the 
sonic environment by identifying the main sources and patterns of noise. The subjective 
approach gives a perceptual understanding of sound quality through human perception.

Methods
In quantitative assessment; sound level, audio frequency based on hertz (Hz), and 
loudness of sound on Decibel (dB) measured. LAFMin refers to basic background noise from 
mechanical equipment, such as air conditioning, etc. LAFMax 
shows the sudden noise in the environment, such as doors 
slamming, table and chair movements and so on.

For qualitative data, existing research shows how people’s 
appraisal in regard to sonic environment is divided in 
two dimensions: either pleasure and eventfulness or 
vibrancy and calmness (Andringa & Lanser, 2013). Figure 1 
is the modified version as a basic model for this study.

Result
The result of the small sample of data showed how, overall, TRI unit exceeded WHO’s 
recommended sound level of 30-35 dB(A) (Berglund et al, 1995).

To evaluate environmental sound and noise, LAFMax and LAFMin are compared (Figure 2 and 3). 
Graphs show the loudness of noise in comparison with WHO’s recommendations. Figures 
4 and 5 show the evaluation of four types of apprai sal data from quantitative observation. 
These charts when read in conjunction with loudness, show that in some instant loudness 
have a positive outcome, for example the dining room early in the morning.

Discussion
This research aimed to open a conversation specific 
to sound, built environment and dementia, to 
understand the importance of soundscape especially 
when designing for people with cognitive 
difficulties, and to propose a solution to overcome 
the problem of excessive noise in care facilities.

Soundscape and Dementia

Acknowlegment
 Dr. Kate Sellen, Toronto Rehab Institute, Design for Health program at OCADU
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Bio-Impedance Measurement Using Textile-Based Electrodes
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Introduction

1. To validate textile-based electrodes to measure bio-

impedance spectroscopy.

2. To measure segmental fluid shift in the body (calf) 

using textile-based electrodes.

Objectives

• Bioimpedance spectroscopy applies range of 

frequencies at low current to the body to determine 

tissue impedance and resistance [1]

• Posture affects fluid movement in the body, 

particularly in susceptible populations [2]

• Fluid retention especially important to patients with 

renal failure and congestive heart failure

• There is a need for an integrated textile-based 

electrode that can provide fluid shift monitoring 

without clinical aid to promote healthy living [3]

• Measure calf impedance at beginning and end of 

each section of test with both gel and textile 

electrodes (Impedimed SFB7)

1. Stand 10 min

2. Supine 10 min

3. Sit 10 min

• Objective 1: Pearson correlation and RMSE 

determined from all three sections (R and X)

• Objective 2: Compare pre- and post-test period to 

determine direction of fluid shift out of calf

Methods

Results

• Impedance increase at high frequencies due to 

larger phase angle from tissues

• Low frequency impedance increase caused by larger 

interface impedance after skin drying

• Fluid shift observed in and out of calf during tests

• Implications in at-home telemonitoring using textiles

• More subjects and textile iteration are required

Discussion

[1] M. Y. Jaffrin and H. Morel, Med Eng & Phys, 30(10) 1257–69, 2008.

[2] A. Yadollahi, B. Singh, and T. D. Bradley, Annals of Biomed Eng, 40(9) 

2131–42, 2015.

[3] S. I. Chaudhry et al., New England J of Med, 363(24) 2301–9, 2010.
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Figure 1: Correlation of resistance (left) and reactance (right) in textile vs. gel-

based electrodes using ImpediMed SFB7 bioimpedance spectroscopy

Figure 3: Cole-Cole plot of standing phase before and after 10 minutes using 

both textile and gel electrodes

• Resistance (p<0.00001)

• Average r2=0.9996 (0.9993-0.9999) 

and RMSE=18.84 (17.17-21.96)

• Reactance (p<0.00001)

• Average r2=0.8710 (0.6294-0.9832) 

and RMSE=4.74 (3.65-6.90)

• Largest variance in sitting test only

Figure 2: Cole-Cole plots of standing, supine, and sitting phases before and 

after 10 min using textile electrodes



Effects of Preventing Fluid Retention in the Legs on Lower Airway 

Narrowing in Asthma
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Introduction

• In Canada, 59% of the asthmatics has poor asthma 

control despite the advances in pharmacological 

treatments [1].

• Rostral fluid shift from the legs to the thorax during 

supine posture [2] and fluid overload [3] are potential 

contributors to poor asthma control.

• Rostral fluid shift results in an increase in the 

extracellular water in the lungs, reduce luminal area 

and contribute to increased airway resistance [2,3].

• Treatments that help reduce fluid retention in the legs 

may reduce airway narrowing due to rostral fluid shift.

Objective 

• To investigate whether reducing leg fluid volume by 

wearing compression stockings would improve airway 

resistance in asthma.

Methods Results Discussion

• Preventing fluid retention in the legs may reduce lower 

airway narrowing in asthma. 

• Interventions such as compression stockings to reduce 

fluid retention can be used in combination with other 

treatments to prevent nocturnal airway narrowing in 

asthma. 

Contact: cristina.francisco@uhn.ca

http://breathe2sleep.com

• Subjects: Asthma patients aged 20 years and above, non-

smokers or former smokers (<10 pack/year) and diagnosed 

based on Global Initiative for Asthma (GINA) guidelines [4].

Figure 1.  Study design

• Data analysis: Leg fluid volumes and airway 

resistance were compared between study arms using 

paired t-test

Figure 3. Leg fluid volume (LFV) and airway resistance (R) significantly 

decreased after two weeks of wearing compression stockings. 

CS: Compression Stockings arm 

References

1. Chapman, KR, et al., Eur Respir J, 31:320-325, 2008.

2. Bhatawadekar, SA, et al., J Appl Physiol, 2017.

3. Kantor, DB, et al., Am J Respir Crit Care Med, 197:1128-1135, 2018.

4. Bateman, ED, et al., Eur Respir J, 31: 143-178, 2008

Characteristic

N (male/female) 11 (7/4)

Age, years 56.5±11.4

Height, m 1.7±0.1

Body Mass Index, 

kg/m2 28.8±6.1

FEV1, % 82.3±19.5

FEV1/FVC, % 68.6±7.8

Subjects’ demographics 

and lung function 

FEV1:forced expiratory 

volume in 1s; 

FVC: forced vital capacity 

Data presented as mean±SD

Figure 2. Experimental protocol 

Control CS Control CS

Δ = -0.7±1.0

p=0.03 

Δ = -0.2±0.2

p=0.02 
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Investigating the Effect of Mandibular Advancement Devices on Snoring 

in Obstructive Sleep Apnea Patients
Grant Gruenspan1,2, Shumit Saha1,2, Muammar Kabir1, Tina Meisami1,3, Azadeh Yadollahi1,2

1Toronto Rehabilitation Institute – University Health Network; 2Institute of Biomaterials and Biomedical Engineering, University of Toronto, 2Faculty of Dentistry, University of Toronto

Introduction 

Objective

Methods

Results

Discussion 

Contact: grant.gruenspan@mail.utoronto.ca

http://breathe2sleep.com/

References

• Obstructive sleep apnea is a common respiratory disorder 

during sleep.

• Mandibular advancement device is a common treatment of 

sleep apnea which displaces the lower jaw forward to increase 

the patency of the pharyngeal airway.

• Snoring sounds, generated by narrowing in the pharyngeal 

airway, are major concern of patients with sleep apnea.

• Mandibular advancement devices may reduce snoring by 

opening the pharyngeal airway.
Figure 2: The snore 

detection algorithm 

was validated 

against 1100 

manually detected 

snores from 10 

participants 

(Sensitivity:93.8%, 

Specificity:96.6%)

• To conduct a study to determine the effect of mandibular 

advancement on snoring in OSA patients.

• Patients were grouped as responders when the apnea-hypopnea 

index (AHI) reduced to less than 10 or a 25% decrease in AHI; 

otherwise patients were grouped as non-responders. 

Figure 1: Protocol 

Baseline

Snore 

Recording AHI

Max Advancement

Snore Recording 

AHI
Baseline

Final Visit

Figure 3-5: In two out of three responders to mandibular 

advancement the snoring intensity and number of snores reduced, 

while in one out of two non-responders the snoring intensity and 

number of snores increased.   
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• Our results indicate that in responders the snoring intensity and 

number of snores decreases from before to after mandibular 

advancement. 

• Once validated in a larger population, snoring intensity and 

number of snorers may be used to predict responders to 

mandibular advancement.

1. Maimon et al., Journal of Clinical Sleep Medicine, 2010.

2. Saha et al., Scientific Reports, 2006. 
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• Data from 3 female and 2 male subjects, BMI: 29.9 ± 9.1 kg/m2, 

Age: 57.8 ± 5.5 years and apnea/hypopnea index: 26.8 ± 12.3

events/hour was investigated.

Results

Tracheal 

Sound

Accelerometer

(X,Y, and Z)

Filtering
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energy, zero-
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variance
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• Snore Detection Algorithm:
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Acoustic Analysis of Heart Sounds to Estimate Blood Pressure
Muammar Kabir1,2, Xiaoshu Cao1,2, Shumit Saha1,2, Cristina Francisco1,2, Nasim Montazeri1,2, 

Bojan Gavrilovic1, Azadeh Yadollahi1,2 

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto 

Introduction 

1. Accurate monitoring of blood pressure (BP) is required 

for diagnosis of cardiovascular disorders.

2. A mild increase in BP of 5mmHg can increase the risk 

of cardiovascular disorders such as stroke by 41%1.

3. Heart sounds are generated from closure of heart 

valves to regulate blood flow. Heart sounds analysis 

can be a promising tool to estimate BP.

Hypothesis

The changes in heart sound intensity (HSI) is directly 

related to the changes in systolic and diastolic BP.

Methods 

 Extraction of heart sound:

Figure 2: Reduction in blood pressure with Mueller Maneuver reduces heart 

sounds intensity. Here, ECG=electrocardiogram  (a.u.), SBP=systolic blood 

pressure (mmHg), DBP=diastolic blood pressure (mmHg), HS=heart sound 

(a.u.), HEnv=Hilbert envelope (a.u.), HSI=heart sound intensity (dB).

Results 

Characteristic N=6

Age, years 33.5±5.1

Female, % 50

BMI, kg/m2 21.6±3.2

Discussion 

1. Changes in heart sounds intensity are significantly 

correlated with the changes in blood pressure.

2. Heart sounds analysis can be used for continuous 

monitoring of blood pressure and detection of early 

signs of hypertension.

References 
1. Lawes, CM, et al., Stroke, 35:1024, 2004. 

Contact: muammar.kabir@uhn.ca
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Methods

Results

Table 1: Demographics of subjects (data is presented as mean±SD)

Figure 3: Heart sound intensity  (HSI) is strongly correlated to A) systolic and 

B) diastolic blood pressure (SBP, DBP, example data in one subject).

 Participants: Six subjects recruited for pilot study

 Data recording:

Electrocardiogram (ECG)

Systolic and Diastolic blood pressure (SBP, DBP) 

Tracheal respiratory and heart sounds using a small 

wearable device (The Patch) developed by our team

 Protocol:

BA

20-150 Hz

Tracheal Sound 

Bandpass Filter

The Patch

Hilbert envelope

Low-pass filter, 7Hz cut-off

Localize heart 

sounds

S1 S2

Figure 1: Block diagram of the extraction of heart sound from tracheal sound.

Subjects Correlation, r(p) - SBP Correlation, r(p) - DBP

S1 0.67 (<0.0001) 0.52 (<0.0001)

S2 0.75 (<0.0001) 0.58 (<0.001)

S3 0.72 (<0.001) 0.51 (<0.0001)

S4 0.59 (<0.001) 0.45 (<0.001)

S4 0.61 (<0.0001) 0.48 (<0.001)

S6 0.73 (<0.001) 0.55 (<0.001)

Table 2: Correlation of HSI with SBP and DBP in six subjects

MM MM MM

http://breathe2sleep.com/


Event by Event Detection of Respiratory Events in Patients with Sleep Apnea
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Introduction 

• Due to complex nature of gold 

standard PSG, portable 

devices have been developed1.

• However, no previous studies 

have reported the occurrence 

and duration of each event.  

Objective

To determine each respiratory event and estimate their 

duration using breathing sounds and blood oxygen 

saturation (SaO2).

Methods

Figure 1: Polysomnography (PSG)

Results

Discussion 

Contact: shumit.saha@mail.utoronto.ca

http://breathe2sleep.com/

• 26% of Canadians are at high risk of sleep apnea, but 

only 10-15% of those are diagnosed. 

Methods

Figure 2: The Patch and 

its placement

• To the best of our knowledge, this is the first study to 

examine the event by event accuracy and duration of 

a portable sleep test device. 

• Event duration is correlated with hypoxemia, 

hypercapnia, ventilatory effort, arousal threshold, 

blood pressure, and morality2. 

• Proposed algorithm could help the physicians to 

determine those key physiological stressors and 

related therapeutic outcomes.

Study Protocol:

Subjects: Referred for OSA 

diagnosis

Gold standard: Full night PSG 

Respiratory sounds recording: 

The Patch

SaO2 recording: Pulse oximeter

Respiratory Sounds Analysis

Respiratory 

Sounds

Filtering and 

Windowing

(200-1000 Hz)

Breath and 

Snore 

Segments

Features: 

Energy, Pitch, 

Zero-crossing

Localize drops in SaO2 between 2% and 60%.

Pulse Oximeter Analysis

𝑆𝑐𝑜𝑟𝑒 = 

𝑘=1

3

𝑊𝑒𝑖𝑔ℎ𝑡 ∗ 𝑆(𝑓𝑘)

Determining Occurrence of Event

Table 2: Demographics

n 50

Age, years 48.3±14.3

BMI, kg/m2 29.2±5.3

AHI, events/hr 13.2±18.3

Table 1: Features

Features Weight

Breath Duration 0.3

Breath Energy 0.3

Drop in SaO2 1.1

Figure 3: An example of an apnea and detected event candidate 

Figure 4: Sigmoid functions to 

calculate the importance of the 

features

Adaptive Method for Duration of Event Candidates

1. Dempsey JA, Physiol Rev., 90,1, 47-112, 2010

2. Butler M, Am J Respir Crit Care Med., 2018

References

Drop in SaO2

Event Candidate

Apnea

• Weights were selected based on calculating the 

feature importance using Random-Forest classifier. 

• If Score> 0.29, the event candidate is an event.

Locate 

Drops

Accounts 20 

seconds delay

Determine 

Start and 

Stop Points

Analyze 

Breath Energy 

Variations

Figure 5: Sensitivity and 

specificity of event by event 

detection
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Airway Protection and Swallowing Safety in Amyotrophic Lateral Sclerosis
Ashley Waito1,2, Carly Barbon1,2, Jen Chapin3, Kelby Magennis3, Raele Robison3, Sana Smaoui1,2, Lauren Tabor3, 

Teresa Valenzano1,2, Emily Plowman3, Catriona Steele1,2

1Toronto Rehabilitation Institute – University Health Network, 2Rehabilitation Sciences Institute – University of Toronto, 3Swallowing Systems Core – University of Florida

Introduction

Swallowing problems are common for individuals

with Amyotrophic Lateral Sclerosis (ALS). When

swallowing safety is impaired (i.e., food or liquids

enter the airway/lungs), an individual is at high

risk of choking, developing pneumonia, and

death.

Previous work has identified relationships between

the degree, timeliness, and completeness of

airway closure as contributing factors to

swallowing safety[1]. However, there is a current

need to understand how these physiological

parameters influence swallowing safety in ALS.

Thickened liquids are often recommended by

speech-language pathologists, as they flow more

slowly through the throat, giving more time for

the airway to close. However, it is currently

unknown whether liquid thickness impacts swallow

physiology in ALS, and how this affects safety.

Objectives 

The objectives of this poster are to:

1. Characterize parameters of airway protection

in individuals with ALS;

2. Determine relationships between timeliness,

degree, and duration of airway closure on

swallowing safety in ALS; and

3. Explore whether thickened liquids on the

thinner end of the liquid continuum modulate

relationships with swallowing physiology and

safety in ALS.

Methods

Twenty adults (10 female) diagnosed with ALS participated in this study. Each 

subject underwent a dynamic swallow x-ray (videofluoroscopy) involving 9 

comfortable sips of liquid ranging in thickness from thin to mildly-thick, mixed 

with barium contrast (20% weight-to-volume).

Each recorded trial was randomized for blinded rating by a team of speech-

language pathologists. Raters scored swallow safety using the 8-point

Penetration-Aspiration Scale[2] and measured three physiological

components associated with airway protection[1]:

1) Completeness of Laryngeal Vestibule Closure (LVC);

2) Laryngeal Vestibule Closure Reaction Time (LVCrt); and

3) Laryngeal Vestibule Closure Duration (dLVC).

We ran Generalized Estimating Equations to explore the influence of LVC,

LVCrt, and dLVC on safe (PAS<3) and unsafe (PAS≥3) swallows, with an

additional factor of bolus thickness. Statistical significance was set at p<0.05.

Fig 2: Airway at rest (left), complete laryngeal vestibule closure (center), 

and incomplete closure (right).

Results

Unsafe swallowing was associated with shorter dLVC,

prolonged LVCrt, and incomplete LVC. These

relationships were most robust for mildly-thick liquids.

Discussion

Our results suggest that late, incomplete, and short

airway closure are three physiological risk factors

associated with unsafe swallowing in ALS. These

results converge with previous work exploring airway

protection, as well as emerging hypotheses regarding

the mechanisms of dysphagia in ALS.

Still, clinicians may note that these physiological risk

factors did not lead to unsafe swallowing on every

swallow and clinical recommendations should continue

to be based on comprehensive and individualized risk

assessments.

References

1. Vose, A. & Humbert, I. Dysphagia, epub ahead of print, 2018.

2. Rosenbek, J. et al. Dysphagia, 11(2), 1996.

Questions? Contact: TRI-swallowinglab@uhn.ca

or visit www.SteeleSwallowingLab.ca @SwallowRehab

Fig 1: Barium liquid stimuli (left) were prepared according to the International Dysphagia Diet 

Standardisation Initiative (IDDSI), for view under videofluoroscopy (right).

Fig 3: Mean and 95% confidence intervals showing heightened risk of 

unsafe swallowing when dLVC < 522ms (left) or LVCrt > 240ms (right).

Funding for this analysis was received from the University of Toronto, UHN - Toronto 

Rehabilitation Institute, and National Institutes of Health (NIDCD Grant 2R01DC011020).

Safe (PAS <3)

Unsafe (PAS ≥3)

*

*

*p<0.05

Level 0: Thin Liquid

Level 1: Slightly-Thick Liquid

Level 2: Mildly-Thick Liquid

mailto:TRI-swallowinglab@uhn.ca
http://www.steeleswallowinglab.ca/
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Making Methods of Testing Liquid Thickness Accessible

for People with Dysphagia
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1 Swallowing Rehabilitation Research Lab, Toronto Rehabilitation Institute – University Health Network, 2Rehabilitation Sciences Institute, University of Toronto 

Introduction 

Thickened liquids are the most commonly 

recommended intervention for swallowing impairment 

(dysphagia). Thicker liquids flow more slowly, thereby 

giving a person more time to achieve airway protection. 

Until recently, clear definitions for labelling thickened 

liquids and accessible testing methods have been 

unavailable. At least 27 different labels in the English 

language have been used to describe 4-5 

consistencies1. This creates confusion and represents a 

safety risk because patients may consume or receive 

liquids that are too thin or too thick. In this poster, we 

review 3 table-top methods for testing liquid thickness.

Objectives

To describe the following methods for testing and 

labelling liquid thickness,:

1. Line Spread Testa

2. Bostwick Consistometera

3. The IDDSI International Dysphagia Diet 

Standardisation Initiative Flow Testb,2 (www.iddsi.org)

abased on flow across a level surface over time
bbased on liquid remaining in a 10ml syringe after 10 seconds of flow

Methods

Figure 1: The Line Spread Test

a. Easy to load cylinder with liquid;

b. Floor and ceiling effects with 

thin, slightly- or extremely-thick

c. Results must be averaged 

across at least 4 points;

d. Requires  large sample volume;

e. Laborious to clean and dry; 

f. Not commercially available.

Figure 2: Bostwick Consistometer

a. Difficult to load;

b. Floor and ceiling effects with 

thin, extremely-thick

c. Fairly easy to read result from 

leading edge of liquid;

d. Requires large sample volume

e. Laborious to clean, dry, level;

f. Expensive.

Application in Clinical Settings 

Liquids consumed during swallowing x-rays contain 

barium contrast. Historically, it has been impossible for 

clinicians to compare the flow of their barium assessment 

stimuli to thickened liquids recommended for patient 

intake. Using IDDSI flow testing we were able to create 

recipes for mixing barium stimuli  with commercial 

thickening agents to precisely match the flow of liquids  

Discussion

The IDDSI Flow Test can be used in both clinical and 

home settings to empower clinicians, kitchen staff, 

patients and caregivers to more accurately prepare 

liquids to target consistencies for dysphagia 

management. The IDDSI Flow Test is easy to use, 

efficient, cost-effective and accessible. 

References

1. Cichero, J. et al.,  Curr Phys Med Rehabil Rep, 1, 280-291, 2013.

2. Cichero, J, et al., Dysphagia, 32(2), 293-314, 2017.

Figure 3: The IDDSI Flow Test

a. Easy to load using 2nd syringe;

b. Ceiling effect with extremely-thick 

liquids, but supplementary tests 

available at this level;

c. Clear, consistent results by ml and 

target range based on syringe 

markings;

d. Requires small sample size;

e. Very little clean-up required;

f. Easy to access syringes with 

correct dimensions at low cost; 

training resources available via 

IDDSI app and website.

We evaluated these three methods of liquid testing 

using the following criteria:

Results

a. Ease of use d. Practicality

b. Sensitivity e. Cleaning considerations

c. Clarity of results f. Accessibility

@SwallowRehab

@ TRI_UHN

recommended for 

home use. These 

recipes, available 

online, can be 

used to improve 

the validity of 

diagnostic testing 

and promote 

patient safety. 

Figure 4: Flow test results 

of barium and non-barium 

recipes with titrations of 

thickener concentration.

2.85-4.2 3.75-5.5 5.1-7.8

For more information, contact TRI-SwallowingLab@uhn.ca

http://www.iddsi.org/
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The ASPEKT Method has been used to analyze swallowing in 40 healthy adults under age 60, to establish reference values for 

healthy swallowing with liquids of different consistencies.  Key findings confirm:

Using the ASPEKT Method to Characterize Healthy Swallowing
Catriona M. Steele1,2, Carly E.A. Barbon1,2, Sana Smaoui1,2, Ashley A. Waito1,2, Renata Mancopes1,3, Emily Barrett1 , 

Melanie Peladeau-Pigeon1. 
1 Steele Swallowing Lab, Toronto Rehabilitation Institute – University Health Network; 2 Graduate Dept. of Speech-Language Pathology, Rehabilitation Sciences Institute, University of Toronto; 3 

Federal University of Santa Maria, Brazil.

Introduction

Dysphagia (swallowing impairment) is a debilitating 

condition, which occurs in >50% of stroke survivors as 

well as individuals with neurodegenerative and 

respiratory diseases, and head and neck cancer.

People with dysphagia have problems with swallowing 

safety (swallowing without material entering the airway) 

and efficiency (moving food and liquid through the 

pharynx without leaving residue behind).

In order to effectively treat dysphagia, we need first to 

understand normal swallowing physiology. 

The ASPEKT Method (Analysis of Swallowing 

Physiology: Events, Kinematics and Timing) is a 

standard operating procedure developed in the Steele 

Swallowing Lab for the analysis of dynamic swallowing 

x-rays (videofluoroscopies, VFSS). 

Establishing Reference Values for Healthy Swallowing

1) On naturally-sized sips of thin liquid, airway invasion is very 

rare (<10%) and is typically ejected spontaneously.

2) The frequency of airway invasion is significantly reduced with 

slightly thick liquids and is further reduced with 

mildly/moderately and extremely thick liquids, defined 

according to the new International Dysphagia Diet 

Standardisation Initiative framework, www.idds.org (Figure 2).

Figure 2: % of healthy adult participants with airway 

invasion by consistency

Figure 1: The ASPEKT Method standard operating 

procedure for Videofluoroscopy Analysis
* Pixel-based measures normalized to the length of the C2-C4 spine.

Figure 4: Pixel-based measures 

of pharyngeal constriction area. 

Normal values: 0.6-1.4% X C2-

C42. Similar methods are used 

for measuring post-swallow 

residue severity, relative to the 

C2-C42 reference area.

3.8% 

X C2-C42

@SwallowRehab
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4) Pharyngeal constriction is 

typically complete (Figure 

4 shows an example of 

incomplete pharyngeal 

constriction). Post-swallow 

residue is typically minimal 

(i.e. <1% X C2-C42 area)  

across the range from thin 

to extremely thick liquids

3) There is a stable sequence of events in pharyngeal swallowing, 

with tight synchronization of airway closure and UES opening.

We are using the ASPEKT Method to identify the mechanisms 

of impairment in different patient populations with dysphagia 

(including stroke, oculopharyngeal muscular dystrophy, ALS, 

COPD, spinal cord injury and oropharyngeal cancer treated with 

radiation) and to measure treatment outcomes in these patients.

Next Steps with the ASPEKT Method

Figure 3: Event sequencing in healthy thin liquid swallowing.

For more information, contact TRI-SwallowingLab@uhn.ca
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Smell and Concussion: Examining Olfactory Function Post-Injury

Evan Foster1, Mark Bayley1,2, Tharshini Chandra1, Claire Barnard1, Paul Comper1,3

1Toronto Rehabilitation Institute – University Health Network, 2Physiatry, University of Toronto, 3Rehabilitation Sciences Institute, University of Toronto.

Introduction

• There is evidence that the frontal lobe of the brain is 

impacted following a concussion, irrespective of the 

site of impact(1). 

• The olfactory bulb and the olfactory nerves, which 

control sense of smell, are located inferior to the 

frontal lobe.

• Research has identified a relationship between the 

degree of olfactory dysfunction and the severity of 

brain injury; as the severity of brain injury increases, 

the degree of smell impairment increases(2).

• Estimated rates of olfactory dysfunction in mTBI and 

concussion are not well established, and little is known 

about the effect acute concussion has on smell 

function.

Objectives

The objectives of this study are: 

1. To determine the prevalence of olfactory impairment 

in the acute stages of concussion;

2. To examine the relationship between impaired 

olfactory function in the acute stages of concussion 

and symptom severity both acutely and sub-acutely; 

to evaluate olfactory impairment as a potential 

biomarker for prolonged concussion recovery. 

Methods Results Continued…

Discussion

• Moderate to severe microsmia is rarely seen in the 

acute and sub-acute stages of concussion.

• Olfactory deficits in the acute stages of recovery do not 

improve significantly after 2 months.

• There is no relationship between acute olfactory deficits 

and self-reported symptom scores (both acutely and 

sub-acutely), as well as with time to recovery. 

References

1. Schofield, P.W., et al., Front Neurol, 5(5),1-22, 2014.

2. Callahan, C.D., et al., J Head Trauma Rehabil, 17(3), 251-256, 2002. 
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Questions? Contact: Evan Foster

Evan.foster@uhn.ca @Hull_EllisCC

Results

• All participants were recruited from the Hull-Ellis 

Concussion and Research Clinic.

• Eligibility: diagnosed with a concussion, seen in clinic 

within 7 days of injury, and the injury is NOT the result 

of a work-place injury or motor-vehicle collision.

• Olfactory function assessed using the validated 

University of Pennsylvania Smell Identification Test 

(UPSIT)(3), and first administered within 7 days of 

injury and again at ~2-months post-injury.

• The symptom severity score from the Sport 

Concussion Assessment Tool 5 (SCAT5) was 

conducted at each visit.
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Fig 1: UPSIT Smell Classification Across Assessments
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Fig 2: Olfactory Change by 
UPSIT Classification (n=81)
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Fig 3: Olfactory Change by 
Reliable Change Index (n=81)
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Modified from https://www.earthslab.com/anatomy/olfactory-nerve/

Table 1: Patient Demographics (n=167)

Gender (% male) 40.7

Average Age (yrs) 32.9

Average Week 1 SCAT Symptom Score 46.9/132

Average Week 1 UPSIT Score 34.7/40

mailto:evan.foster@uhn.ca


Gender-Related Healthcare Experiences of Women with Traumatic Brain Injury
Alexis Fabricius1-2, Andrea D’Souza1-3, Vanessa Amodio1,3, Halina Haag3,4, Heather Colquhoun1,2,5, John 
Lewko6, Enrico Quilico1-3, Richard Riopelle7, Patrick Archambault8, Angela Colantonio1-3,5, Tatanya Mollayeva1-

3

Introduction

Research Question & Objectives
Research question: Using thematic analysis with a focus on gender, 

what are the healthcare experiences of women with TBI?

Objectives: 1) To understand how women’s gendered behaviours 

impact recovery 2) To explore knowledge gaps to produce educational 

materials 

Methods
Participants & recruitment: Seventeen (n=17) adult women with TBI 

were recruited who were diagnosed as either in the acute (≤1-3 

months) or chronic (>3 months) phase of their injury; mild (GCS 13-15) 

or moderate-severe (GCS <13) TBI

Procedure: Semi-structured interviews were recorded and transcribed

• Examples of research questions included: What helped or hindered 

your recovery? What does masculinity/femininity mean to you? How 

have your roles been impacted by TBI? 

Methodological approach – Qualitative study

• Thematic analysis was applied to the transcripts 

• This form of analysis aims to capture participants’ experiences and 

perspectives to ground research in the participants’ accounts rather 

than the researcher’s categories1,2 

• Affords theoretical freedom and flexibility; can yield complex analyses 

• Researcher must make assumptions explicit; reflexivity encouraged 

Theoretical approach 

• This study employs a feminist disability studies framework3

• Women’s experiences of brain injury have been largely ignored or 

not considered to the same depth as men

• There is little scholarly data to draw on to inform policies, treatment 

options, rehab plans, or informal caregiving for women

• Focusing on women’s experiences is crucial to support better 

healthcare provision and promote improved patient outcomes

1. Braun, V. & Clarke, V. Qualitative Research in Psychology, 3(2), 77-101, 2006.

2. Clarke, V., & Braun, V. The Journal of Positive Psychology, 12(3), 297-298, 2017.

3. Garland-Thomson, Rosemarie. Signs, 30(2), 1557-1587, 2005. 

References
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Science & Occupational Therapy; 6 Laurentian University, Centre for Research in Human Development; 7Brain Injury Canada; 8Université Laval, Department of Family Medicine and Emergency Medicine

Preliminary Results

Subthemes

Theme 1: Performing femininity

Quotes

020: …as I was recovering, y’know, the most 

important person should’ve been myself, but 

when clients were emailing me and asking 

questions, I couldn’t help but feel like…I had to 

ensure that their needs were being met.

Suggestions for Education

• Psychoeducation to enhance 

understandings of gender socialization

to teach women with TBI how these forms 

of gendered behaviour can impair recovery

• Anxiety, guilt, distress undermine cognitive 

functioning during recovery

• Materials should pull on feminist disability 

studies to address post-injury parenting

• Participants struggle with negative feelings 

about their mothering capabilities

• Materials should acknowledge the nature 

and scope of the TBI and work to adjust 

parenting expectations and alleviate guilt 

030: When something is too emotionally 

draining, I have to tune out. That’s where I feel 

horrible as a person cause I don’t feel good as a 

mom anymore. Or, I feel like a different mom 

which is also weird to accept because…I’m not 

as in tuned with what’s going on...” 

“I’m a people pleaser”: Putting the needs 

of others before own recovery

Guilt and anxiety over not being able to 

care in the same way as before 

Push/pull tension between feeling compelled 

to perform femininity, while also feeling 

distressed when being unable to enact it  

Theme 2: Gendered expectations regarding support 

Positive experiences: 

Formal caregivers, advocates, support 

groups 

Negative experiences: 

Informal caregivers, spouse, family 

040: Or you’d want household tasks to get 

done, and [my boyfriend was] not able to do it. I 

can’t get mad at him for his job, but 

unfortunately [for] our relationship, that was sort 

of it… I’m not saying he was horrible, he 

obviously provided support, but not like not what 

I needed all the time.  

036: My husband was really good… very 

understanding. He hugged me [during] my 

anxiety attack. He was saying to my kids, “You 

have to understand mom is going through a lot” 

• Educational materials for informal 

caregivers should encourage discussions 

with the patient and the family to better 

understand the type of care that the 

woman expects, as women’s caregiving 

expectations can differ from men’s 

• It is crucial that informal caregivers 

legitimize and validate the woman’s 

experience of her injury

• Women who had positive experiences with 

caregiving credit aspects of their recovery 

to a supportive environment 

Conclusion
• A more nuanced understanding of women’s gendered experiences of TBI is crucial to improving outcomes

• Developing educational materials grounded in patients’ experiences is crucial to enhancing healthcare provision

Contact: alexis.fabricius@uhn.ca

@TRI_UHN
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Introduction

Objectives

Research question: Using thematic analysis with a focus on 

gender, what are the healthcare experiences of men with TBI 

in the acute and chronic phases of recovery?

Objectives:

1. To understand how men view gender 

2. To explore their behaviours related to gender and recovery

3. To learn about knowledge gaps for educational materials

Methods

• Interpretive description qualitative methodology 

• Data collection: individual semi-structured interviews until 

saturation was reached

• Data analyses: inductive, latent, and constructionist 

thematic analysis; guided by masculinity theory3 (Fig. 2) 

• Gender influences traumatic brain injury (TBI) outcomes, 

such as return-to-work1 and use of healthcare resources2

• Need to consider how to better integrate gender into TBI 

guidelines, and what benefit this can provide

Participants

Inclusion criteria:

• English-speaking men with acute (≤1-3 months) or chronic 

(>3 months) TBI of any severity

• No potentially impeding cognitive/physical deficits

• Sampled: 12 acute, 10 chronic 

Acute phase: reframing goals 

and therapies as more 

‘masculine’

Augmentation and effective 

scheduling of physical rehab 

“I wouldn’t say I have a brain injury, but I think I 

bruised my brain.” (009, acute)

“Wouldn’t get scared like that… Help yourself 

up and don’t get too weird.” (013, acute)

“I’m there for 24 hours and all I get is 2 hours worth 

of… something. That’s kinda crazy.” (019, acute)

Motivations for 
return-to-work

Maintaining 
household roles

Loyalty/guilt

Professional 
success

“I don’t want [support from my children]… I have to 

take care of these people.” (033, chronic)

“I will be going back and providing a service… to the to 

the people of Ontario.” (026, chronic)

“I’ve missed out on promotional opportunities 

because I haven’t been there.” (026, chronic)

Chronic phase: tapping into 

motivations to shape goals, 

promote therapy, and find 

meaningful alternative activities

Understanding 
of gender

Misunderstanding 
of gender

Lack of critical 
engagement 

Social 
desirability  

“There’s transgender stuff and versus the non-

transgender, right? Is that what it is?” (019, acute)

“I try to be manly about it. I don’t know what else to 

say... I don’t understand where this is going with it.” 

(023, chronic)

“Every opportunity I get to move women into 

leadership positions, I have been doing 

since… grade school.” (012, acute)

Both phases: strategically 

designing educational materials 

that will be more approachable to 

men  

Interview quotations Themes and sub-themes Educational material suggestions

• Participants’ understanding of gender may be due to the 

influence of social and systemic structures

• Educational materials should reflect gender-related needs of 

men at both acute and chronic phases

1. Stergiou-Kita, M, et al., Arch Phys Med Rehabil, 97(2), S40-S45, 2016.

2. Guerriero, EN, et al., Arch Phys Med Rehabil, 97(2), S54-S63, 2015.

3. Connell, RW, et al., Gend Soc, 19(6), 829-859, 2005.

Conclusions References

Fig. 1. Themes 1, 2, and 3, corresponding sub-themes, and suggestions for educational materials

Results and Discussion

@TRI_UHNContact: andreaseverina.dsouza@mail.utoronto.ca
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Introduction

• Traumatic brain injury (TBI) is a disorder of biosocial 

nature, guided by the sex and gender interaction

• Knowledge of sex and gender topics is essential for 

educational uptake by knowledge users, which is 

currently unknown

• We aimed to learn: 

What do patients in acute phase of recovery  

know and what do they want to know about 

sex and gender in TBI?
Results

Educational Needs

Methods
• Semi-structured individual interviews of men (n= 9) and 

women (n=7) with acute TBI, recruited at multiple sites 

of TRI-UHN 

• Questions asked:

• What is your understanding of sex and gender?

• What are some good ways to deliver educational 

materials on topics of sex and gender in TBI?

• Thematic analysis by encoding qualitative data by two 

coders2;  content analysis by counting specific content 

elements3; for further interpretive analysis

Discussion and Conclusions

http://www.physicianspractice.com/patient-relations/patient-acceptance-medical-risk

• Men are more knowledgeable about sex and gender 

and focus on educating friends and family in 

educational needs

• Women’s educational needs focus on nature of 

interaction between patient and clinician, and learning 

from others who are further along in TBI recovery

• Educational materials should be gender-sensitive, to 

reflect level of knowledge and needs

• Future Direction: To investigate facets of sex and 

gender knowledge (age, education, culture etc.) to 

understand observed differences; how knowledge and 

needs change as time since injury progresses

Knowledge of Sex and Gender 

Results Continued

Precise Gender Definition
• Man Participant 5: “I think gender is an identity in which one um-

identifies themselves. Or how they feel …”

• Woman Participant 5: “…It’s more of a personality thing.”

Precise Sex Definition
• Man Participant 2: “if you are born with male sex-reproductive 

organs, then you’re a male. If you are born with female reproductive 

organs, you are a female”

• Woman Participant 5: “It’s your Y chromosome or your X 

chromosome.”

Contact: caterina.bordignon@mail.utoronto.ca

• Biological sex: biological attributes e.g. 

chromosomes, gene expression, hormone levels etc.1

• “Male” and “Female”

• Gender: socially constructed roles, behaviours etc.1

• “Girl/Woman” and “Boy/Man”

References
1. CIHR. 2015. Definitions of Sex and Gender. 

http://www.cihrirsc.gc.ca.myaccess.library.utoronto.ca/e/47830.   html

2. Guest G, MacQueen K, Namey E. Applied Thematic Analysis. Sage Publications; first edition (2011). 

3. Vaismoradi M,   Turunen H,   Bondas T. Content analysis and thematic analysis: Implications for 

conducting a qualitative descriptive study.  Nursing and Health Sciences.  2013, 15: 398-405.

Objectives

• Investigate men and women's knowledge and 

needs of educational materials on the topic of sex 

and gender in the acute phase of their recovery

Operational definitions

http://umerbutt.com/category/patient-interview/

The study was funded by the Canadian Institutes for Health Research Grant–Institute for Gender and Health (#CGW-126580). 

Ethics approval was granted by the Toronto Rehabilitation Institute-University Health Network Ethics Board (REB 17-5663)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Precise Gender
Definition

Precise Sex
Definition

Improper
Defintion

P
e
rc

e
n
t 

o
f 
R

e
s
p
o
n
d
e
n
ts

Gender and Sex Definitions
Men Women

0%

20%

40%

60%

80%

100%

Educate close
circle

Learn from others
with TBI

Education on what
to expect

Patient-Clinician
CommunicationP

e
rc

e
n
t 

o
f 
R

e
s
p
o
n
d
e
n
ts

Educational Needs

Men Women

Figure 2: Percent of respondents in each educational needs theme 

identified plotted by men (blue) and women (gold) (content analysis)

Figure 3: Percent 

of men (blue) and 

women (gold) with 

precise and 

improper 

definitions of sex 

and gender 

(content analysis)



@TRI_UHN 

#TRI2018RD

Sex/Gender Information Uptake By Men And Women At The Chronic 

Phase Of Traumatic Brain Injury
Maryam Ishtiaq1,2,3, Caterina Bordignon1,2,3, Vanessa Amodio1,3, Angela Colantonio1,2,3, Tatyana Mollayeva1,2,3

1Toronto Rehabilitation Institute- University Health Network, 2University of Toronto Mississauga, 3Acquired Brain Injury Research Lab

Introduction

• Sex and gender impact incidence, presentation and

outcomes of traumatic brain injury (TBI)

• It is imperative to take this into consideration during

patient recovery

• Research on intersection of sex/gender and TBI

remains limited and elusive

Objectives

• To explore:

 what is said by men and women with chronic TBI   

when discussing sex and gender 

 how information on sex and gender should be 

communicated among parties involved

Methods

Results 

Discussion

This study was funded by the Canadian Institutes for Health Research (#CGW-126580) 

Results

Contact: maryam.ishtiaq@mail.utoronto.ca

Fig 1. Sex is fixed at birth but gender and gender identity are  flexible1
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Fig 2. Working flow  of thematic and document analyses

Themes* Interview  quotations examples Theme 

Frequency*

Sex/gender

knowledge

uptake

“Um, I think that it would be interesting 

to have resources on how concussions 

impact men and women differently” 

(28, woman, M)

Men: 0/8

Women: 1/6

Personalized

medicine

“Treat everybody individual because 

not everybody’s the same” (59, 

woman, M)

Men: 0/8

Women: 1/6

Educate 

others

“Like, family doctors. You know, they 

have to do so much and they have to 

know so much – you know, if they had 

resources directed toward them, it 

could be useful” (28, woman, M)

Men: 1/8

Women: 2/6

Patient 

support 

need

“Seeing others and talking to others 

who have been through this recovery, 

it definitely helped with the anxiety 

levels a little bit” (30, man, MS)

Men: 1/8

Women: 2/6

• First study that documents what men and women said

on sex/gender when in chronic TBI stages

• Men and women did not explicitly express information

uptake need but provided some unique thoughts

regarding how information should be communicated

among involved parties

• Study’s findings allow clinicians and researchers to

stand apart from their encounters with patients and

research participants and view patient communication

on topics of sex/gender from a critical distance

Verbal 

(Handouts, 
pamphlets, 
lectures, 
emails) 

Doing 

(Cognitive 
exercises, role 
play, learning 

through 
actions)

Visual

(Videos, art, 
short clips)

Receiving & 
Participating 

(Group 
discussions, 
one-on-ones 

with therapist)

Fig 3. Delivery format of educational material based on Dale’s cone of 

experience4

Men:

30, MS

30, MS

58, MS

Men:

30, MS

50, MS

58, MS

69, N/A

Women:

33, M

69, M

Men:

30, MS

66, M

Women:

22, MS

33, M

Women:

28, M

33, M

• Participant recruitment (purposive sampling) site:

Toronto Rehab-UHN, multiple units

• Methods to generate data: individual semi-structured

interview and document analysis2

• Procedure of analysing data and validation: thematic

analysis and content analysis (theme frequency)3(Fig.2)

• Data collection ongoing until saturation reached

• Inclusion: mild (M), moderate or severe (MS) chronic

TBI, men and women

• Exclusion: neurocognitive problems interfering with

interview or limited literacy

http://www.brycerich.com/2015/05/sexualities-gender-and-sex-series.html

@TRI_UHN
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Constructing Sex- and Gender-based Interviews for Men and Women with Traumatic 

Brain Injury (TBI) 

Vanessa Amodio1,3, Andrea D’Souza1-3, Alexis Fabricius1,3, Halina Haag3,4, Heather Colquhoun1,2,5, John Lewko6, Enrico Quilico1-3, 

Richard Riopelle7, Patrick Archambault8, Angela Colantonio1-3,5, Tatanya Mollayeva1-3

Introduction

Methods

• Biological sex and gender are discrete but interrelated constructs, and interact with other 

social determinants of health to impact health outcomes1

• Current knowledge translation research calls for the consideration of sex and gender in 

clinical interventions1

• Limited evidence considers how to integrate sex and gender into qualitative interviews

Research Question: How can researchers construct qualitative interviews to generate 

discussion about sex and gender? 

Research Objectives:

1. To demonstrate the construction of an interview guide on sex and gender

2. To use interview experiences to revise questions about sex and gender

1. Tannenbaum, C, et al., BMC Med Res Methodol, 145(16), 145, 2016.

2. Crenshaw, K. Stanford Law Review, 43(6), 1241-1299, 1991. 

References

Review of 
literature and 

team 
feedback on 

interview
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interview

Interview 
revisions

Field notes 
and 

ongoing 
discussion 

Educational material delivery

Impact of sex and gender on recovery

Barriers and facilitators to recovery

Pre- and post-injury routines

Events which led to the TBI 

Objective 1: Semi-Structured Interview Construction

Demographic Variables Descriptive Statistics for Men Descriptive Statistics for Women

Injury phase (Frequency) Acute (12), chronic (10) Acute (7), chronic (10) 

Injury severity

(Frequency)

Mild (9), moderate-severe (12), 

no reported GCS (1)

Mild (11), moderate – severe (6) 

Age (Mean) 53 years 44 years 

Education level

(Mode)

Some post-secondary/diploma

below Bachelor’s (9)

Some post-secondary/ diploma 

below Bachelor’s (6)

Ethnicity (Mode) European origin (13) European origin (7)

Table 1. Sample characteristics for men and women

Participants & Recruitment

• 22 men and 17 women with acute (≤1-3 months) and chronic (>3 months) TBI

• Recruited from University Health Network (UHN) brain injury units; Ethics approval from 

UHN Research Ethics Board (REB ID: 17-5663)

• Mild (GCS 13-15) or moderate-severe (GCS <13) TBI; GCS: Glasgow Coma Scale

Methodological and theoretical approach

• Intersectional lens2

• Interpretative description, reflexivity

Fig. 1. Iterative method to interview

construction

Fig. 2. Interview structure 

Objective 2: Interview Revisions

Theme Supporting Data Patient Responses Implications

Gender

beneath 

semantic 

surface

I1: Describe issues in 

post-TBI life related to 

gender.

023(M): “I don’t understand where 

this is going…” 

Gender is asked directly in I1 

and roles are used to replace 

gender in I2 for a more 

nuanced response.I2: How have your 

roles been impacted 

by TBI? 

022(M): “I was the one to know 

more (than wife)… now I get tired 

and nervous”

Gender

and sex

I1: What is sex? 003(F): “I still think of it as female-

male”

In I1, sex is asked directly. In 

I2, gender and sex are 

prefaced with an explanation. 

Participants connect the 

definition of gender to their 

own personal lives. 

I2: Biological sex is

assigned at birth.. 

Gender is how you 

identify… how do you 

identify as a woman 

(or man) with TBI?

020(F): “as a woman… I’m sort of 

a pleaser… as I was recovering, I 

had to ensure (clients’) needs 

were met”

Conclusions
• Acknowledgement of patient and interviewer’s social position and impact on responses

• Prefacing questions with construct definitions to improve understanding 

• Clinical interviews may focus on gender by discussing roles, behaviors, expectations

1TRI-UHN; 2UofT,  Rehabilitation Sciences Institute; 3UofT, ABI Laboratory; 4Wilfred Laurier University, Faculty of Social Work; 5 UofT, Department of Occupational Science & Occupational Therapy; 6 Laurentian 

University, Centre for Research in Human Development; 7Brain Injury Canada; 8Université Laval, Department of Family Medicine and Emergency Medicine

Table 2. Evolution of interview questions (I1: interview 1; I2: interview 2) 

@TRI_UHN
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• To examine the relationship between quality indicators 

and performance on inspection reports across Long-

Term Care (LTC) facilities

• Approximately 600 LTC facilities across Ontario were 

examined in this study

• Two independent publicly-available datasets were 

used, where each can be considered as a 

measurement to assess quality of care:

1. Canadian Institute for Health Information (CIHI):

• 9 quality indicators (QI) gathered from resident-

level data reported by LTC facilities every year

• 5 Home Contextual Descriptors (HCD)

2. Ministry of Health and Long-Term Care (MOHLTC):

• Compiled reports for every home, which cite any 

violations of LTC legislation & regulations

Examining the Measurement of Quality in Healthcare using Artificial 
Intelligence Methods: A Study of Quality in Long-Term Care

Pouria Mashouri12, Babak Taati12, Andrea Iaboni13

1Toronto Rehabilitation Institute – University Health Network , 2Department of Computer Science – University of Toronto, 3Department of Psychiatry – University of Toronto

Objectives

As a comparison, we repeated the models using an 

existing Ontario MOHLTC classification scheme; which 

consisted of a matching three-class outcome schema.

• For interpretability, a softmax classifier was used

• Several linear and non-linear models were trained

• Ten-fold cross validation was used, where the 

precision, recall, and AUC were computed

• Both up & down-sampling was performed in each fold 

to create a balanced training set

Analysis

Discussion

References

• Despite an exhaustive process, we have been unable to 

demonstrate that performance on CIHI quality indicators 

can predict performance on MOHLTC inspections

• We conclude that CIHI quality indicators do not help 

predict how well a home will perform on an official 

MOHLTC inspection

• This lack of relationship between the two datasets is an 

indicator that there is room to improve the currently 

reported quality indicators

[1] Werner, et al. Impact of Public Reporting on Quality. Res. 2009;44(4):1169-1187

[2] MacLean, et al. Charting Path for Improving Performance. 2018; p.1757-1761

[3] Mukamel, et al. Cream Skimming Among Nursing Homes. 2009;49(6):793-802

Study-Defined Classes MOHLTC-Defined Classes

Homes 

(#)

Precision 

(%)

Recall 

(%)

AUC 

(%)

Homes

(#)

Precision 

(%)

Recall 

(%)

AUC 

(%)

Class 0 263 56.17 50.19 59.54 423 90.42 55.79 64.46

Class 1 296 57.34 42.23 55.51 78 23.63 55.13 61.70

Class 2 35 09.93 40.00 58.64 15 8.22 40.00 63.31

Table 4: Results of best-performing models

@TRI_UHNFor more information, please contact: pouria.mashouri@mail.utoronto.ca

One-Hot Encodes Binary Values Percentage Values

(14) LHIN Regions (1) Short Stay Beds (9) CIHI QI

(3) Profit/Non-Profit/Municipal (1) Resident Council (5) CIHI HCD

(3) Home Sizes (S/M/L) (1) Family Council

(2) Rural/Urban (1) Accreditation

Table 3: Model Input Variables (i.e. independent variables)

Methods

Results

• Results show only a weak correlation

• We conclude that the poor performance results is due 

to the inherent poor correlation between the datasets

Class Name Class Definition

Class 0 In Good Standing 0-10 non-severe citations in a year

Class 1 Needing Improvement 11+ non-severe citations in a year, 

with 0 severe citations

Class 2 Needing Significant 

Improvement

1+ severe citations in a year

Table 1: Study-Defined Classification Scheme

Introduction

• Healthcare is moving towards greater performance 

measurement and transparency of data

• However, there are important questions about the 

validity of quality and performance measures in 

healthcare

• Specifically, there is concern that some of these 

performance indicators may not accurately reflect 

quality of care

Average (%) across 

all homes

Variable Name 2014 2015 2016

QI

Experiencing Pain 11.98 11.38 10.86

Experiencing Worsened Pain 12.41 12.25 11.83

Falls in the Last 30 Days 14.92 15.58 15.76

Improved Physical Functioning 27.02 27.11 26.07

Potentially Inappropriate Use of Antipsychotics 28.24 23.78 21.39

Restraint Use 12.52 11.31 11.06

Worsened Depressive Mood 25.51 24.54 23.52

Worsened Physical Functioning 35.78 35.04 34.94

Worsened Pressure Ulcer 04.43 03.79 03.73

HCD

Female Residents - - 66.68

Residents Younger Than 65 - - 06.49

Residents Older Than 85 - - 50.77

Residents With Dementia - - 63.16

Residents With Congestive Heart Failure - - 11.60

Table 2: CIHI Variables

Methods

A simple classification model was implemented. The 

outcome, determined by the number & severity of MOHLTC 

citations, was the classification of an LTC facility as:

mailto:pouria.mashouri@mail.utoronto.ca
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Introduction

• Following moderate-severe traumatic brain injury, 

patients show significant cognitive recovery in the first 

weeks and months of injury.1

• The prevailing assumption has been that patients 

remain stable or continue to improve thereafter.

• However, we and others have shown that this 

assumption may be incorrect. Our group previously 

demonstrated cognitive deterioration from 1-2 years 

post-injury in over a quarter of patients2

Objectives

1. To replicate & extend previous 

findings of post-recovery 

cognitive decline employing a 

larger, non-overlapping TBI 

sample and multiple time 

windows

2. To identify cognitive domains 

with particular vulnerability to 

decline 

Objective 1

• Neuro-psychological testing for N=48 patients 

w/moderate-severe TBI at 2, 5, 12, & 24+ months 

post-TBI

• Reliable Change Index (RCI) used to classify pts as 

decliners” or “improvers” based on clinically 

significant change

Objective 2

• Our original2  and current samples were collapsed for 

identification of cognitive measures showing greatest 

decline from 12-24+ months post-injury

Fig.1: Clinically 

significant 

decline, 

improvement & 

stability 

measured by 

RCI over time.

Key finding: An 

increasing 

number of 

decliners is 

observed from 

early to later 

post-injury. 33% 

of pts declined 

from 12-24 mos 

post-TBI

Discussion & Rehabilitation Implications

 After discharge from rehab, clinical planning presumes 

maintenance of cognitive gains already made

 However, our results indicate the need to consider the 

possibility of post-discharge declines, particularly in 

verbal learning and memory

 Research into prevention of decline is critical. Our lab 

is engaged in treatment research to prevent 

hippocampal (memory structure) atrophy in the chronic 

stages of TBI

1. Christensen et al.(2008). Recovery…Arch Phys M. 89(12), S3-15.

2. Till et al. (2008). Postrecovery cog…. Arch Phys M. 89(12), S25-34

3. Jacobson, et al (1991). Clinical signif.... J Consul Clin Psych 59(1), 12.

Questions? Contact: 

Dr. Robin Green – robin.green@uhn.ca @TRI_UHN

Results

6%
17%

33%

33%

54%
27%

61%

29%
40%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2-5 Months 5-12 Months 12-24 Months

P
ro

p
o
rt

io
n
 o

f 
P

a
ti
e
n
ts

Decliners Stable Improvers

*.

Fig. 2: Performance patterns of neuropsychological tests, in which patient 

decline was observed 12-24 mos post-TBI. Domains tested: processing 

speed (SDMT), semantic memory (VF), spatial visualization (BD), verbal 

recall (RAVLT), & delayed recall (LMII)
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Key finding: Verbal recall (for unorganized information) was the most 

implicated cognitive domain with highest # of decliners 12-24+ mo’s post-TBI. 

Methods Results

References

Alana Changoor1, Marika Dabek1, Brenda Colella1, Robin Green1,2,3



@TRI_UHN 

#TRI2018RD

Pattern and Scale of Progressive Atrophy in Chronic, 

Moderate-Severe Traumatic Brain Injury

Introduction

• Moderate-severe traumatic brain injury (TBI) is 

increasingly understood as a progressive 

neurological disorder.1

• In fact, there is growing evidence of reduced brain 

volume and white matter (WM) integrity in the 

chronic phases of injury.2

• However, the scale and pattern of changes across 

structures over time has received limited attention to 

date. 

Objectives

1. Examine presence & scale of atrophy over time in 

brain structures with known vulnerability to TBI1

2. To identify injury and demographic variables which 

influence patterns of atrophy post-TBI.

Implications for Rehabilitation

 Optimizing therapy: Improves clinical understanding 

of when vulnerability to decline is greatest. 

Therapeutic interventions can be accordingly timed to 

achieve maximal benefit. 

 Identifying vulnerable populations: To inform target 

groups (e.g., older adults) for prophylactic 

intervention.

1. Green et al. (2014). Scale and pattern of... Front 

Hum Neurosci. 8, 67.

2. Farbota et al. (2012) Longitudinal volum ... J Int

Npsych Soc. 18, 1006-18.

Questions? Contact: 

Dr. Robin Green – robin.green@uhn.ca @TRI_UHN

Results

Subjects Key Findings

References

Alana Changoor1, Brenda Colella1, Joanna Glazer1, David Mikulis2, Georges Monette3, Robin Green1,4,5

Methods

• N=123 clinically confirmed moderate-severe TBI 

cases & N=32 healthy controls recruited

• MRIs taken at approx. 5, 12 & 24+ mo’s post-TBI to 

examine changes in ventricle to brain ratio (VBR), 

and hippocampi & corpus callosum volumes

• Examined which demographic variables influenced 

patterns of atrophy

Variable TBI Patients (n=123) Controls (n=32)

Age (y), mean (SD) 38.76 (15.55) 41.50 (14.51)

Sex, ratio (male: female) 89:34 15:17

Years of Education, mean (SD) 13.86 (2.91) 15.56 (2.81)

Acute care length of stay 

(days), mean (SD)

35.43 (20.74) -

GCS, mean (SD) 6.27 (3.56) -

Table 1: Demographic & Injury characteristics of TBI patients and controls. 

SD = standard deviation. 
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Fig. 1a-d: Mean VBR and volumes for brain structures in patients and 

controls across 5 (ax1), 12(ax2) and 24(ax3) mo’s post-TBI (pts)/intake (ctrl) 

**: p<0.001, *: p<0.05. ns = non-significant. 

** **

** **

** ** **

* ** **

1c. 1d.

1. Significant increase in VBR & brain atrophy observed 

across 5-12, and 12-24 months post-injury. 

2. Less absolute atrophy observed from 12-24 months 

compared to 5-12 months across structures, but still 

significantly greater than controls

3. Of demographic variables examined, although age was 

not a significant moderator of post-trauma trajectory, it 

had a moderating effect on patient vs. control atrophy 

gap

ns ns

ns

ns

1Toronto Rehabilitation Institute – University Health Network, 2Krembil Research Institute, University Health Network, 3Department of Mathematics and Statistics, York University, 4Department of 

Psychiatry, University of Toronto, 5Rehabilitation Sciences Institute, University of Toronto
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Preliminary: to examine the efficacy of telephone-delivered 

CBT (vs. active control group) for treating depression and 

anxiety in PCS patients

Main Objective

1. Fridinger S, et al. Curr Pediatr Rep, 6(1), 1-8, 2018.

2. Potter SDS, et al. J Neurol Neurosur Ps, 87, 1075-1083, 2016.

3. Arundine A, et al. J Head Trauma Rehabil, 27(2), 104-12, 2012.

Background & Rationale Subjects

• Post-concussion syndrome (PCS), AKA persistent 

symptoms of concussion, can occur in 11-29% of 

concussion patients, where depression and anxiety are 

common psychiatric symptoms 1

• Cognitive behaviour therapy (CBT) has been shown to 

be effective in treating such symptoms in PCS patients 2

• However, geographical, financial, physical, and social 

barriers impede patient access to treatment

• Telerehabilitation of CBT is a delivery approach that 

can eliminate treatment barriers

• Our group showed efficacy of telephone-CBT for 

moderate-severe traumatic brain injury 3, but to our 

knowledge, no studies have examined tele-CBT for PCS

Methods

• Preliminary findings suggest good efficacy of 

telephone-delivered CBT for treating depression and 

anxiety in PCS patients

• Patients commented frequently on convenience and 

ease-of-adjusting to phone interaction

• A low attrition rate of 2/29 participants was observed

• Improvement in mood is expected to help improve the 

quality of life of PCS patients

Telephone-CBT

(n = 23)

Education Control

(n = 6)

Age, mean (SD) 35.52 (11.97) 36.00 (4.05)

Sex, ratio (male: female) 8:15 3:3

Years of Education, mean (SD) 15.91 (2.17) 17.00 (2.10)

Number of Concussions, mean (SD) 2.36 (1.26) 2.00 (1.26)

Years Post-Injury, mean (SD) 4.04 (4.09) 1.95 (2.47)

Note: SD = standard deviation.

Randomized control trial (RCT), with telephone-CBT group 

and education control group:

Figure 1: Mean total DASS-21 scores (± SE) pre- and post-treatment for 

telephone-CBT and education control: t(40)=2.02, **p<0.01, two-tailed.

Figure 2: Mean scores (± SE) pre- and post-treatment for DASS-21 

depression, anxiety, and stress. Significant declines observed on sub-scales 

using 2-tailed tests: Depression t(39)=2.02, *p<0.05; Anxiety t(32)=2.04, 

*p<0.05; Stress t(40)=2.02, *p<0.05, approaching p<0.01 significance.

Discussion & Rehabilitation Implications

Figure 3: Mean scores (± SE) pre- and post-treatment on the BDI-II and BAI. 

Significant decline on BAI observed: t(48)=2.09, *p<0.05. 

Table 1: Demographics and injury characteristics.

Results (Continued)

References

Pre-Education 

outcome 

measurement

8 Telephone-

CBT sessions

Pre-CBT 

outcome 

measurement

Post-CBT 

outcome 

measurement

8 Education 

sessions

Post-Education 

outcome 

measurement

PCS patients 

randomized 

to:

Future Directions

• Larger RCT to validate findings and identify predictors of 

treatment response

• Examine the utility of "booster sessions" in different 

formats (in-person, telephone, email) in maintaining 

therapeutic benefit of CBT

Results

Telephone-Delivered Cognitive Behaviour Therapy for Treating Mood 

Disturbances in Post-Concussion Syndrome Patients

Contact: robin.green@uhn.ca

Participants completed these outcome measurements:

• Depression Anxiety Stress Scale (DASS)-21

• Beck Depression Inventory-II

• Beck Anxiety Inventory

@TRI_UHN 
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Development of the Telerehab Centre for Acquired Brain Injury:

An Integrated Approach to Research and Care
Mary Boulos1,2, Brenda Colella1, Liesel-Ann Meusel1, Mark Bayley1, Joanne Zee1, 

Lesley Ruttan1, Marika Dabek1, Lillian Miguel-Jaimes1, Michelle Panozo1, Robin Green1,2 

1Toronto Rehabilitation Institute – University Health Network; 2Rehabilitation Sciences Institute, University of Toronto

1A. Background

❖ Acquired brain injury (ABI) is leading 

cause of persisting disability in 

Canada

A. Overarching: Remote delivery of evidence-based clinical 

care through research participation

A. Scientific: To evaluate feasibility & efficacy of telerehab; 

understand progressive neural decline; examine 

predictors of response to treatment

A. Clinical: To improve patient well-being by improving brain 

function, cognition, mood, coping, community integration

2A. Current Therapies

❖ Clients can participate in one or all therapies

❖ Demonstrated efficacy for mood & cognition

❖ Delivered in group format via secure 

videoconferencing by therapists at Toronto Rehab 

3. Sample of Projects in Development

TBI & Criminal Justice System (CJS)

❖ TBI is over-represented in CJS.

❖ Established partnership with mental health 

court to deliver assessments and remote 

therapies to individuals in CJS with TBI.

References: 1. Green et al. Front Hum Neurosci (2014).  2. Till et al. Arch Phys Med Rehabil (2008). 3. Terpstra et al. Neurorehabil Neural Repair (2017)

Contact: mary.boulos@mail.utoronto.ca

For more info, visit tritelerehab.ca
Walter & Maria Schroeder

Foundation

2B. Admission Criteria

2C. Centre Progress in First Year

1C. Why Telerehabilitation?

1. Equity of access – regardless of location, financial 

status, and/or mobility issues

1. Scalability – reaching across province and further

1. Cost effectiveness – no travel costs; group treatments

❖ Our lab and others have shown worsening of cognition 

and mood, along with neural deterioration in the chronic 

stages of injury

# of Referrals 152

# of Screenings 76

# of Intake Interviews + Cog/Psych Assessments 55

# of Participants Completing Therapy 44

# of Therapy Groups (Completed/Ongoing) 18

# of Clinical Visits >850

❖ Designed a novel, self-administered, 

cognitive intervention to improve 

memory & prevent hippocampal 

atrophy.

Anger Management Bracelet

❖ Impairments in emotion regulation 

post-ABI often compromise relationships.

❖ Developing an anger management 

bracelet for real-time affect detection.

❖ Therefore, critical need 

for ongoing brain injury 

therapies

Remotely Delivered Memory Intervention

❖ Memory is the most common post-TBI sequelae and the 

hippocampi (memory structures) atrophy over time.

1B. Scientific & Clinical Aims

➢ Prior history of acquired brain injury (TBI & stroke),    

neuro-oncology, encephalitis, MS

➢ No current cognitive or psychological interventions

➢ Basic computer literacy; fluency in English

➢ No active psychosis or aphasia

❖ Alleviating symptoms while simultaneously learning 

how to restore brain structure and function

❖ Promoting better recovery of post-injury symptoms 

through synergistic combination of interventions

❖ Evaluating promising restorative approaches to 

reverse brain atrophy and cognitive decline

4. Rehabilitation Impact

mailto:mary.boulos@mail.utoronto.ca
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Introduction 

Recently, aerobic interval training (AIT), otherwise more 

commonly known as high intensity interval training (HIIT), has 

emerged as a more effective strategy than moderate intensity 

continuous exercise (MICE) for increasing aerobic exercise 

capacity in individuals with stable Coronary Artery Disease 

(CAD)1.

MICE: exercise traditionally in the form of cycling, walking, 

jogging, etc., performed at intensity of 40-80% of VO2peak for 

30-60 minutes

AIT: intermittent bouts of exercise ~15s-4min long performed at 

85-95% of peak heart rate (HR)/85-100% of maximal aerobic 

power, interspersed with periods of passive or active recovery

MICE                                       AIT

vs

Therefore, exercise training-induced improvements in VO2peak 

in CAD patients serve as an attractive therapeutic target that 

can be addressed in the cardiac rehabilitation (CR) setting with 

the primary objective of improving survival rates.

Objectives 

The objectives of this retrospective study were:

1. To describe the change in VO2peak; and

2. To describe the change in CV risk profile 

characteristics (as secondary outcomes)

after progressive AIT practiced in the largest, outpatient 

CR program in North America compared to usual care 

CR involving MICE.

Methods 

Statistical Analysis: Treatment effect (Tx) analysis of AIT on 

VO2peak and CV risk profile characteristics was performed 

using analysis of covariance (ANCOVA) with baseline values as 

covariates.

Results

Discussion 

Progressive AIT performed in a standard, outpatient CR 

program appears to be superior to usual care MICE for 

improving VO2peak, CV risk profile characteristics, and 

depression score in stable CAD patients. These findings 

may have important implications for exercise training 

guidelines in the rehabilitation setting, and in future studies.

References

1. Keteyian, SJ, et al., JCRP, 34(2), 98-105, 2014.

Horizontal bars with

an asterisk (*) shown

between groups 

denote

a statistically 

significant

treatment effect 

(p<0.05),

as assessed by 

ANCOVA using 

baseline

values as covariates.

Questions?

Contact: Leanna Lee;  leanna.lee@uhn.ca

A) B)

Figure 1: A) Significant Tx effect of 3.84mL●kg -1 ●min -1 in VO2peak, 

p<0.001, B) Significant Tx effect on all CV risk profile characteristics, 

p<0.023 for all  (all data not shown here)

Control=MICE

Treatment=AIT

MICE exercise prescriptions involved walking ~1.6km to a 

maximum of 6.4km or 60 minutes at 60-80% of Peak VO2, 

while AIT exercise prescriptions involved the following 

progressions of walk/jog repeats not exceeding a maximum 

dose of 6.4km or 60 minutes:

AIT Exercise Progression Walk (15 

min/mile pace)

Jog (12 

min/mile pace)

A 700m 100m

B 300m 100m

C 100m 100m

D 200m 200m

E 100m 300m

F 0m Entire 

Prescription

Baseline characteristics of patients: No differences in age or sex 

as expected by matching. Overall, patients in the AIT group had 

a slightly more favourable CV risk profile compared to the MICE 

group, and significantly lower depression scores, as measured 

by the CES-D.
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On the Accuracy of Face Alignment in Patients with Neurological Diseases
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• Neurological diseases (i.e., stroke, ALS, Parkinson’s

disease) affect the oro-facial musculature and reduce the ability

to speak/ communicate, eat, and express emotions

• Quantitative evaluation of oro-facial movements is essential for

assessing these diseases and providing feedback-based

therapy

• Face tracking algorithms offer a great opportunity to develop

marker-less systems for assessing the oro-facial functions

• Most of the available datasets used to train these algorithms

are composed of healthy subjects

1. To identify the best face alignment approach according to a

specific disease/ type of orofacial impairment

2. To detect any relationships between face alignment errors and

presence of orofacial impairment

Experimental setup

• Repetition of speech (sentences, syllables) and non-speech

(opening, puckering, and spreading of lips) tasks

• Depth camera Intel® RealSense™ SR300)

• 11 healthy control (HC) subjects 55.8 ± 15.7 years (7M, 4F)

• 11 patients with ALS 60.6 ± 7.2 years (6M, 5F)

• 12 patients post-stroke (PS) 62.0 ± 14.5 years (7M, 5F)

Face landmark detection

Comparison of 5 available face alignment algorithms:

• Active Appearance Model (AAM)

• Constrained Local Model (CLM)

• Ensemble of Regression Trees (ERT)

• Supervised Descent Method (SDM)

• Face Alignment Network (FAN)

Test-set

• 3408 video frames extracted 

from 238 video recordings

• Ground truth: manual labeling 

of 7 landmarks by 2 annotators 

(ICC = 0.99)

Statistical analysis

• 1-way repeated measures ANOVA + post-hoc pairwise

comparisons – best approach within each group (HC, ALS, and

PS)

• 1-way ANOVA + post-hoc t-tests – compare the effect of group

type on Error2D

Training-set

• AAM, CLM, ERT, SDM: 

trained on the 300-W dataset 

(~4000 images)

• FAN: pre-trained 2D-FAN 

model on the 300W-LP-2D 

dataset (~60k images)

Error metrics

• Error2D (%) – Point-to-point 2D Euclidean distance normalized

by the inter-canthal distance (REI-LEI)

• Error3D (mm) – Mean absolute error on the estimation of Open

(UL-LL) and Width (RC-LC)

Introduction Methods Results

Aims

Data collection

Discussion and conclusion
• Face tracking bias: better performance in HC subjects

• Deep-learning based approach seems to be more robust to

this bias than other methods

• Low-level inference (e.g., kinematic measures for tracking

recovery/progression) – further improvements are needed to

reduce the error:

 Retraining on target populations (more labeled data!)

 Improvement in 3D video technology

• At this stage face tracking can be used for high-level

inference (e.g., binary or multiclass classification) since our

previous findings demonstrated good accuracy (~90%) in

detecting ALS/ stroke

HC ALS PS 1-way 

ANOVAError2D(%) Error2D(%) Error2D(%)

AAM 13.8±11.2 18.4±15.8*** 20.2±18.3*** p < .001

CLM 12.4±7.4 12.2±7.7 14.0±9.4*** p < .001

ERT 11.0±7.0 12.7±10.6*** 15.1±12.9*** p < .001

FAN 11.3±5.9 11.3±5.3 10.8±4.5 p = .029

SDM 14.2±9.0 15.6±10.9** 18.4±12.8*** p < .001

@YunusovaLab

andrea.bandini@uhn.ca

yana.yunusova@utoronto.ca

Error2D Error3D*

*Average 3D error across groups
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Introduction 

Autobiographical memory recall is known to rely on:

• semantic memory (general knowledge)

• episodic memory (memory of specific events) (1)

Semantic variant primary progressive aphasia

(svPPA)

• semantic memory system affected

• main symptom is aphasia (2)

Previous studies from our lab found that this group of

patients showed:

• reduced episodic memory recall

• spared semantic memory recall.

• deficits in coherence of discourse when producing

semantic but not episodic information

• these deficits could have been caused by deficits in

lexical recall and impoverished sentence production

Objectives

• To investigate memory and linguistic production of 

patients with svPPA during autobiographical 

narratives

• Deficits in coherence of semantic information during 

autobiographical narratives could arise from micro-

linguistic impairments. 

Methods

Participants

• 18 svPPA patients and 18 matched controls

Autobiographical Interview (1)

• Autobiographical narrative

• Responses were transcribed and segmented into

utterances or “details”

• Details were coded as episodic semantic or

supplementary details

• Quantitative Production Analysis – QPA (3)

• Well-formed sentences

• Sentence elaboration index

• Mean utterance length

• Words

• Open class words

• Nouns

• Pronouns

• Verbs

Results

• svPPA patients demonstrated impairments on micro-

linguistic measures of episodic but not semantic

details.

Discussion

• Our previous study found impaired production of

macro-linguistic structures of semantic information,

while the current study found impaired production of

micro-linguistic elements in episodic recall.

• The difficulty recalling episodic information and lexical

items could be causing patients to rely on semantic

information.

• svPPA patients appear to have distinctive linguistic

deficits in semantic versus episodic memory recall.

References 

1- Levine et al., 2002. Psych and aging, 17(4), 677-689.

2- Gorno-Tempini et al., 2011. Neurology,  76 (11), 1006-1014. 

3- Rochon et al, 2000. Brain and Language, 72(3), 193-218. 
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Longitudinal Evidence for Choir Training as an Intervention to Improve

Older Adults’ Speech Perception in Noise
Emily Wood1, Ella Dubinsky1, Frank A. Russo1,2

1Department of Psychology, Ryerson University; 2Toronto Rehabilitation Institute — University Health Network

Introduction

• Studies report musicianship advantages for 

various aspects of auditory processing in 

older adults (Zendel & Alain, 2012); can 

music training be used as an intervention to 

remediate these abilities in older adults?

• We recently found that after 10 weeks of 

choir training, older adults show significant 

improvements in speech-in-noise perception 

(signal-to-noise ratio; SNR), pitch 

discrimination (FDL) and fidelity of the neural 

response to sound (FFR). No gains were 

observed in control groups (Dubinsky, 

Nespoli & Russo, 2017).

Objectives

• In the current study, we track those individuals 

who have continued to participate in choir 

training for 24 weeks. This allows us to examine 

whether short-term gains are sustained and 

whether they may even accumulate.

Methods

Participants

• Choir singing class: 10 older adults (M age = 

69.5, SD = 4.5) participating in 24 weeks of 

choir singing (M hearing thresholds = 25.6 dB 

HL, SD = 9.8).

• Do-nothing control group: 7 older adults 

matched to choir participants on age (M = 69.5, 

SD = 4), gender and audiometry (M hearing 

thresholds = 25.7 dB HL, SD = 10), and who 

were not engaged in any musical activity.

Choir training

• Choir participants attended weekly two-hour 

choir sessions and completed approximately 

one hour of online music training for 24 weeks.

• Testing intervals were before the choir, 10 

weeks post-training, and 24 weeks post-training. 

Do nothing controls were assessed at the same 

intervals.

Assessments

• Pure-tone audiometry, SNR, frequency 

difference limens (FDL), frequency following 

response (FFR).

Results

• The results suggest that SNR gains accumulate with increased choir 

participation; however, we are unable to rule out participant motivation as 

an explanation for these findings.

• The null FDL and FFR findings could be due to our limited sample size.

• Future directions: adopt a randomized control design, assess a hearing 

aided population.

References 
1. Zendel, BR & Alain, C., Psychology and Aging, 27(2), 410-417, 2018.

2. Dubinsky, E, et al., Canadian Acoustics, 45(3), 2017.

Questions? Contact: emily.wood@ryerson.ca

• Choir and do-nothing control groups 

had equivalent SNRs at baseline.

• The choir group showed significantly 

better SNRs than do-nothing controls 

after 10 and 24 weeks.

• The mean SNR for choir participants 

improved at each subsequent testing 

session, suggesting that SNR gains 

accumulate with increased choir 

participation.

• FDL and FFR measures did not change 

significantly across group or session.

Does more time in choir training lead to more 

gains in auditory processing abilities?

Our choir class performing at their annual winter concert!

Example games from the online music trainer

Discussion
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Discussion

Functional Near-Infrared Spectroscopy as A Measure of Listening Effort 

Joseph Rovetti1, Huiwen Goy1, Frank Russo1,2

1 Ryerson University, Department of Psychology; 2 Toronto Rehabilitation Institute 

Introduction 

• Listening effort is the level of mental energy exerted in 

a listening task. Existing neural measures of listening 

effort are clinically impractical and often incompatible 

with hearing assistive devices.

• Functional near-infrared spectroscopy (fNIRS) is an 

optical imaging method that is compatible with hearing 

assistive devices. It measures the oxygenation of blood 

in the prefrontal cortex (PFC).

• No study has used fNIRS to measure listening effort in 

populations with hearing difficulties, including older 

adults and hearing aid users.

Objectives

1. Use fNIRS to replicate fMRI findings of increasing PFC 

oxygenation along with auditory working memory load. 

2. Use fNIRS to measure the change in listening effort 

when using hearing aids.

3. Compare fNIRS with reaction time and self-reporting 

as measures of cognitive load. 

4. Predict the benefits derived from hearing aids from 

personal characteristics.

Methods Results

1. fNIRS measured PFC oxygenation increasing along 

with working memory load (p<0.001).

2. Hearing aids did not affect PFC oxygenation, reaction 

time, or self-reported effort (p’s>0.05). 

3. Reaction time and self-reported effort increased with 

working memory load (p’s<0.001).

4. Hearing impairment predicted benefit from hearing aids 

as assessed by PFC oxygenation (p=0.01).

1. fNIRS can be effectively used to measure auditory 

cognitive effort in hearing-aided older adults. 

2. The lack of an (overall) effect of hearing aids on     

listening effort may be due to the increased noise that 

often accompanies amplification. 

3. Reaction time and self-reported effort also change with 

cognitive load, but their trends differ slightly from fNIRS.

4. Listeners with poorer hearing may experience greater 

benefit from hearing aids.

• Participants – 16 hearing-aided older adults (Mage = 

72.1 years, MPTA = 47.2 dB HL, MMOCA = 26.5)

• Independent variables – hearing aids (on/off), working 

memory task load (0 [easy], 1, 2, 3 [hard])

• Dependent variables – PFC blood oxygenation 

(oxygenated hemoglobin - deoxygenated hemoglobin); 

reaction time; self-reported effort

Figure 1: The fNIRS apparatus. 

Figure 2: Oxygenation (top), self-reported effort (bottom-left), and reaction 

time (bottom-right) as functions of auditory working memory load.

Figure 3: The reduction in oxygenation from hearing aid use is predicted by 

hearing impairment for the condition in which the most effort is used.

r=0.62

Ayaz et al., 2013

Questions? Contact: joseph.rovetti@ryerson.ca
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Characterizing Post-Concussion Gait in the General Population:                

A Preliminary Evaluation
Jessica Mendonca1,4, Kevin Jeyendran1,4, Hannah Hakes1, Alana Coutts1,4, Olinda Habib Perez1, Michelle Sweeny1, Evan Foster1, 

Tharshini Chandra1, George Mochizuki1-3, Paul Comper1,2, Mark Bayley1,2, Cynthia Danells1,2, Elizabeth L Inness1,2

Background 

• Concussions are poorly understood brain injuries with 

adverse effects on static and dynamic balance and 

cognition1.

• Dual-task gait tests (combining a dynamic motor task 

with a cognitive task) have allowed clinicians to detect 

subtle deficits  in concussed athletes not revealed in 

single-task conditions1.

• There is limited research in the general population with

concussion.

Objective 

• To determine if there are differences in spatial and 

temporal measures of gait between concussed and 

healthy members of the general population and if these 

differences are task dependent.

Results 

Discussion 

• Individuals with concussion from the general population exhibit a slowed gait in the first week post-injury.

• The addition of the cognitive task resulted in slowed gait and dynamic instability but did not influence walking in the

concussed more so than the healthy group.

• Future work will collect additional healthy data, examine cognitive-motor trade-off, and recovery over time.

1.D R Howell et al. Gait Impairments, 2018.     Liz.Inness@uhn.ca

Methods 

• Individuals referred to the Hull-Ellis Concussion and 

Research Clinic (n=141) were assessed within 1 week 

post-injury and compared to a convenience sample of 

healthy adults (n=21).

• Participants performed self-paced and dual task (serial 

7 subtractions for concussed or 9’s for healthy) walking.

• Velocity, step time, step length and variability of step 

time and length (coefficient of variation) were  collected 

from a computerized gait mat (GaitRiteTM).

1.Toronto Rehab – UHN 2. University of Toronto 3. Sunnybrook Research Institute 4. University of Waterloo

Figure 1. 

GaitRiteTM walk data 

collection screen.  

Table 1. Participant demographics. No significant difference between 

groups based on sex and age (p>0.05).

Figure 2. Mean and standard deviation of Velocity, Step Time, Step Length, Step Time CV, and Step Length CV for self-paced and dual-task trials. 

Group effects (*) were present for velocity, step time, and step length (A, B, C)

Task effects (^) were present for velocity, step time, step length, and variability (CV) in step time and step length 

(A,B,C,D,E)

■ Healthy Control

■ Concussed

* Group Effect

^ Task Effect

p<0.05

Variable Healthy Control Concussed

n=21 n=141

Age 35.2 (12.6) 32.9 (13.4)

Sex (M:F) 12:9 66:75

Days Post Injury 5.0 (1.6)

SCAT Total (out of 144) 45.3 (29.5)

Education:

secondary or less 0 29

post secondary (trade, college, university) 6 90

graduate + 15 22

A

C D E

B

References Contacts
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Additional findings:

• Groups did not differ on baseline velocity, cadence, stride length 

and other gait parameters.

• Strong beat perceivers significantly increased cadence, by 

reducing stride time when walking to metronome

• As a group, weak perceivers and producers did not significantly 

change on any gait parameters for either condition

LC is supported by the Canadian Partnership of Stroke Recovery Trainee Award. KP is supported 

by a Heart and Stroke Foundation (HSF) personnel award. This project was funded  in part by 

grants from HSF and a Collaborative Health Research Projects

grant. We also acknowledge the support of the Toronto 

Rehabilitation Institute; equipment and space have been funded

with grants from the Canada Foundation for Innovation, Ontario

Innovation Trust, and Ministry of Research and Innovation.

• Most individuals (18/22) improved TGA with RAS, but strong beat per-

ceivers and producers demonstrated a significant TGA improvement, 

whereas a group with weak ability did not (though some individuals with 

weak ability did improve)

• We highlighted the potential need to address beat abilities when 

treating individuals after stroke with RAS, or target RAS treatments to 

those with strong beat abilities to achieve the greatest benefit

• This study demonstrated immediate effects, therefore, before clinical 

recommendations can be made, the results should be further explored 

using a training paradigm and retention tests to determine if beat ability 

affects learning when treating post-stroke TGA with RAS interventions 

Beat Perception and Production Abilities Affect Responsiveness of Temporal 

Gait Asymmetry to Rhythmic Auditory Stimulation Following Stroke
Lucas D. Crosby1,2,*, Jennifer S. Wong2, Jessica Grahn3, Joyce L. Chen1,4, Dina Brooks5, Kara K. Patterson1,5

Background

• Rhythmic auditory stimulation (RAS; walking to a beat) 

interventions have improved gait speed and stride 

length in people with stroke1

• Improvements in temporal gait asymmetry (TGA; gait 

phase inequality between the legs; measured as swing 

time ratio > 1.06) using RAS interventions are modest1

• Rhythm ability is often impaired after stroke,2 potentially 

affecting one’s ability to perceive the auditory cue or 

reproduce movements to match the timing of the cue

1Rehabilitation Sciences Institute - University of Toronto, 2Toronto Rehabilitation Institute – University Health Network, 3Brain & Mind Institute, Department of Psychology – Western University, 
4Faculty of Kinesiology & Physical Education – University of Toronto, 5Department of Physical Therapy – University of Toronto 

p = 0.008     p = 0.699

p = 0.671

Results

Discussion
Gait measure Uncued Music Metronome Wilks lambda

Effect size 

(p. eta2)

Velocity

(cm/s)
72.5 ± 21.5 68.8 ± 22.9 68.6 ± 20.9 p = 0.799 0.007

Stride Length

(cm)
94.0 ± 22.4 83.4 ± 22.0 86.5 ± 22.0 p = 0.266 0.041

Stride Time

(s)
1.31 ± 0.18 1.24 ± 0.18 1.30 ± 0.19 p = 0.318 0.036

Double

Support (%

gait cycle)

37.6 ± 5.75 38.9 ± 6.39 37.34 ± 6.18 p = 0.390 0.012

Cadence

(steps/min)
93.0 ± 13.1 99.0 ± 14.4 92.5 ± 10.8 p = 0.185 0.052

Swing time 

(ratio)

1.384 ±

0.272

1.272 ±

0.196
1.303 ± 0.284 p = 0.326 0.035

c) Overall, no differences were found in gait parameters between 

RAS conditions among all participants. (N = 22; Mean ± SD)  

Beat Perception Beat Production

b) Compared to baseline, strong groups significantly improved TGA with RAS 

(metronome (met) condition only for beat perception)
*bold p-values denote significant difference in TGA during RAS conditions from baseline within each group separately

References & Acknowledgements
1. Thaut et al., 2007. Neurorehabil & Neural Repair.; 2.  Patterson et al., 2018. Arch Phys Med 

Rehabil.;  3.  Ho et al., 2018. Moving beyond P values.

p = 0.554

p = 0.018     p = 0.298

Beat Perception Beat Production

p = 0.017     p = 0.086

Methods

• Participants underwent a 

computer behavioural task to 

determine beat perception 

and production ability and 

classified as strong (S) or 

weak (W) performers

• Participants walked over-

ground without gait aid on the 

Zenomat walkway under one 

uncued condition and two 

RAS conditions with tempi set 

to baseline cadence

Objective: To determine if ability to perceive/produce 

a beat influences the responsiveness of TGA when 

people with stroke walk with RAS.

Figure 2. Experimental over-ground gait protocol
Analysis:

• Baseline differences 

determined using t-tests

• Group differences and 

overall differences 

between conditions 

determined using repeat-

ed measures ANOVA

• Data displayed using 

Estimation plots3

Figure 1. Description of computer tasks

a) Groups did not differ in baseline TGA

*Questions? Contact: lucas.crosby@utoronto.ca @TRI_UHN
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50%

% of studies 
that showed 

balance deficits 
in < 50% of 
measures

% of studies 
that showed 

balance deficits 
in ≥ 50% of 
measures

38%

Research questions: (1) What is the effect of 

prolonged bed rest on balance in healthy adults? and 

(2) What balance systems are affected by prolonged 

bed rest, determined by countermeasure effectiveness? 

The Effect of Prolonged Bed Rest on Balance in Healthy Adults: 

A Systematic Review
Tyler Saumur1-3, Sarah Gregor1,2, George Mochizuki, Avril Mansfield1-4, Sunita Mathur1,2,4

1Toronto Rehabilitation Institute – University Health Network; 2Rehabilitation Sciences Institute, University of Toronto; 3Sunnybrook Research Institute; 4Department of Physical Therapy, 

University of Toronto

Introduction

Prolonged bed rest (>5 days) can manage acute 

medical conditions such as acute back pain and 

uncomplicated myocardial infarction1

Bed rest alters important balance control 

systems such as musculoskeletal, vestibular, 

and proprioceptive systems2

Rationale: Bed rest affects balance control 

systems and direct influence of bedrest on 

balance remains unclear

Results

Discussion

Balance deficits occur due to bed rest

Bed rest length may influence likelihood of observing 

balance deficits

Countermeasures studied to date poorly offset balance 

deficits, likely due to complex nature of balance control

References 
1.Allen, C, et al., Lancet, 354, 1229-1233, 1999.

2.Stuempfle, KG, et al., J Exerc Physiol, 6, 32-41, 2007.

3.NIH Quality assessment tool for observational cohort 

and cross-sectional studies, Natl Hear Lung Blood 

Inst, 2014.

?

Methods

Inclusion criteria:

1. Healthy, human 

subjects ≥18 

years old

2. Consecutive bed 

rest ≥5 days

3. Pre-post bed rest 

balance measures

4. Abstract/full-text 

in English

5. Peer-reviewed 

publication 

Search strategy 
developed for 

systematic review

Records identified 
through database 

searching*

(n = 14,195) 

Records screened 
after deduplication 

(n = 8,897)

Full-text articles 
assessed for 

eligibility

(n = 33)

Quality assessment 
of included 

studies3

(n = 16)

Data extraction via 
piloted extraction 

sheet

(n = 16)

*Databases searched:
MEDLINE, Embase, AMED, CINAHL, 

SPORTDiscus, Cochrane Library

Variable

Age, mean years(SE) 32.9(2.2)

Number of participants/study, mean(SE) 13(6.1)

Male:female participants, n:n(% male) 197:45 (81.4)

Bed rest length, mean days(SD) 33.8(27.4)

Countermeasure studies, n(%) 12(75)

Types of balance studied, n(%)

Static balance 13(81)

Dynamic balance 3(19)

Reactive balance 3(19)

Studies with COP measures, n(%) 8(50)

Studies with equilibrium scores, n(%) 6(38)

Quality assessment score, n(%)

Good 3(19)

Fair 8(50)

Poor 5(31)
SE: standard error; SD: standard deviation; COP: centre of pressure

Bed rest length may influence balance impairment

Summary of study details from the included studies. 

Flow chart outlining steps taken to conduct the 
systematic review.

Proportion of studies based on presence of balance impairments.

Countermeasures poorly offset balance deficits

Link to full 
PROSPERO 

protocol

of 

125
of 

1612
of 

53
studies 
used a 
counter-
measure

studies 
offset ≥1 
balance 
deficit

studies 
offset ≥ 50% 
of balance 
deficits

Intervention description/success in offsetting effects of bed rest on balance. 
Low magnitude mechanical signals and lower-body negative pressure elicited 
best counteractive results.

Low magnitude 

mechanical signals

Target:

musculoskeletal

Aerobic exercise

Target:

musculoskeletal + 

cardiovascular

Centrifugation

Target:

cardiovascular

Resistance 

training

Target:

musculoskeletal

Standing or 

ambulation

Target: 

cardiovascular

Lower-body 

negative pressure

Target: 

cardiovascular

@Tyler_Saumur

@TRI_UHN 

Acknowledgements: Special thanks to Erica Lenton for her assistance with  
search strategy development and translation.

% of studies 
that showed 
no balance 

deficits

12%

Mean days of bed rest of the 3 study groups. Studies that identified fewer 
balance deficits also had participants exposed to less bed rest.

39.230.55.0

Impact: Balance is often impaired after bed rest in 

healthy adults; future work should determine if these 

deficits are exacerbated in clinical bed rest populations
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Automatic Segmentation and Three-Dimensional Reconstruction of 

Fascicles in Peripheral Nerves
Tovbis, Daniel1,2; Agur, Anne3; Mogk, Jeremy; Zariffa, José1,2

1Institute of Biomaterials and Biomedical Engineering, University of Toronto, 2 Toronto Rehabilitation Institute, University Health Network, 3 Division of Anatomy, Department of 

Surgery, University of Toronto

Introduction

Objectives

Methods

1. Two cadaveric human nerve samples were embedded and 

sectioned with 250µm spacing. Four stains (H&E, Toluidine Blue, 

Silver, Neurofilament IHC) were tested. Quantitative methodology 

was tested on previously acquired rat sciatic nerve images.

2. Intensity-Based Image Registration (IBIR) was used to align 

consecutive slices. Performance was evaluated using Structural 

Similarity Index (SSIM). 

3. Several segmentation and detection methods were explored; the 

results of the most promising methods were quantified using 

Intersection-Over-Union (IOU).

Results 

1. To date, two human nerves have been sectioned and stained 

for testing. Results with H&E and IHC showed good 

performance (Fig. 4). All quantitative results below are from 

testing on rat sciatic nerves.

2. Registration increases SSIM from 0.745 to 0.779 when using 

a rigid transformation, and to 0.860 when allowing scale 

changes. A scaled transformation can be seen in Fig. 2.

3. Three detection and segmentation pipelines were tested on the 

rat dataset: RCNN + Active Contours, Otsu’s Method + 

Random Forests , and Hough Transforms + Active 

Contours. K-means showed very poor performance and was 

not tested further. The results are summarized in Figure 5.

4. Reconstruction was tested using segmentations acquired from 

the NN+AC and OT+RF methods. This produced IOU scores of 

0.5529 and 0.4828, respectively.

Discussion, Conclusions, Future Work

Contact: daniel.tovbis@mail.utoronto.ca

ANS Lab:  www.neurorehab-systems.ca
Acknowledgements:

• Neuroprosthetics can help to restore function after 

neurological injuries by sending and/or receiving signals

to/from peripheral nerves

• Peripheral nerves have complex internal and external 

branching patterns, which are poorly characterized

Currently existing computational models are based on 

simplified anatomy, so any metrics obtained may not 

reflect actual biological conditions (Fig. 1)

• A digitized database of peripheral nerve anatomy would 

improve outcomes for neuroprosthetic implantation and 

allow for design and testing of new devices

• Create an automatic algorithm to process, segment, and 

reconstruct a 3D model of fascicles in peripheral nerves, 

for use in creating a database of fascicular anatomy. 

Figure 1: A model of peripheral nerve fascicles  (Schefer et al., 2011) used in 

a finite element modeling study (left) versus actual peripheral nerve anatomy 

taken from manually segmented MicroCT (Prats-Galino et al., 2018)

SSIM=0.7946 SSIM=0.8134

Figure 2: Two rat sciatic nerves, unregistered (left) and aligned with IBIR (right) Figure 4: A human median nerve slice stained with H&E (left) and IHC (right)

Segmentation Methods                 

K-means clustering

Otsu’s Method (OM)

Active Contours (AC)

Detection Methods

Neural Networks (RCNN)

Hough Transform (HT)

Random Forests (RF)

4. One dimensional interpolation of a difference of distance maps 

was used for reconstruction. Results can be quantified via IOU 

compared with a manually-segmented ground truth (Fig. 3).

• Quantitative analysis on the rat nerve sections has determined 

which procedures will be used for human nerve slices  

• Scale registration performs better than rigid, but might reduce 

anatomical accuracy by excessive correction of the nerve 

• RCNN+AC and OM+RF perform nearly identically in 

segmentation,  though RCNN+AC results in a better 

reconstruction

• Once optimized, this algorithm will be applied to human nerves 

to create 3D models of fascicular anatomy, providing tools for 

engineers and neurosurgeons to build better neural interfaces, 

and improving quality of life for users of neuroprosthetics.

Method Average
Standard 

Deviation

NN+AC 0.871 0.074

HT+AC 0.845 0.138

OM+RF 0.878 0.133

Figure 5: IOU Comparison of three detection and segmentation pipelines on 

nine rat sciatic nerve images (shown right). 

Figure 3: Reconstruction of rat sciatic nerves. Ground truth (left), RCNN (right)
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Evaluating the Efficacy of a Novel Therapeutic Tool for Standing 

Balance: A Case Study
David Houston1,2, Jae Lee1,3, Emerson Grabke1,3, Jaeeun Yoo1,3, Janelle Unger1,2, Kei Masani1,3, 

Kristin Musselman1,2,4 1Toronto Rehabilitation Institute – University Health Network, 2Rehabilitation Sciences Institute, University of Toronto, 
3Institute of Biomaterials and Biomedical Engineering, University of Toronto, 4Department of Physical Therapy, University of Toronto

Objectives

1. To evaluate the efficacy of FES + visual 

feedback training to elicit and maintain 

changes in standing balance 

performance in an individual with SCI.

2. To determine whether this participant 

perceived this intervention to be 

tolerable and beneficial.

3. To use the results of this study to 

improve the therapeutic intervention and 

increase its clinical utility within the SCI 

population.

Introduction

• With an incomplete spinal cord injury 

(SCI), some level of functioning is 

retained below the level of injury.

• Individuals with incomplete SCI often 

remain ambulatory, but impaired balance 

abilities increase their risk of falling.

• Static and dynamic stability has been 

shown to significantly improve following 

balance training with visual feedback1.

• Applying functional electrical stimulation 

(FES) to the ankle plantarflexors and 

dorsiflexors has shown a positive effect 

on centre of pressure (COP) regulation 

during quiet stance2.

• The use of FES with visual feedback 

balance training has not been 

investigated in the SCI population.

Participant: 65 year old male; non-traumatic SCI, ASIA 

Impairment Scale C (T6); 8 years post-injury

Study Design: Prospective case study

Timeline: 16 weeks (Baseline (x3), Intervention, Post-

Intervention, 4-Weeks Post, 8-Weeks Post)

Outcome Measures:

1. Clinical (Berg Balance Scale (BBS), Mini-Balance 

Evaluation Systems Test (MBEST), Activities-specific 

Balance Confidence (ABC) Scale)

2. Biomechanical (Limits of Stability, COP velocity during 

quiet stance with eyes open)

3. Semi-Structured Interview

Intervention:

• Visual feedback balance training (Figure 1) with bilateral 

stimulation of ankle plantarflexors & dorsiflexors (Figure 2)

• Closed-loop regulation of stimulation intensity via COP 

measures

• 12 one-hour training sessions (3/week for 4 weeks) 

Discussion

• Improved standing balance performance post-training (↑ 

MBEST score, ↓ COP velocity in AP direction); not 

maintained at 8-weeks post

• Participant reported sensory and functional benefits

Contact: david.houston@mail.utoronto.ca

a b

c d

Figure 1: Balance Training Games

a) Target, b) Hunting, c) Ellipse, d) 

Colour Matching  

References

1. Sayenko et al. Spinal Cord 2010; 48: 886-93.

2. Vette et al. IEEE Transactions on Neural Systems and 

Rehabilitation Engineering 2007; 15: 235-43.

Figure 2: Experimental Setup

Methods Results

Figure 5: Limits of Stability (Maximal 

COP Range)

Figure 4: COP Velocity During Quiet 

Stance (Eyes Open)

Figure 3: Performance on Clinical Balance 

Scales. *Clinically significant change

Funded by the University of Toronto EMHSeed Program 
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“[My wife]’s noticed me 

walking a lot straighter and 

she sees the minute 

stuff. In my world, small 

things are really big.”

“I feel my feet, I have more 

of a sense where my feet 

are, I can feel them; they 

tingle.”

Force Plate

FES 

Stimulator

Motion Capture Cameras

COP Feedback 

Game

Grabke et al. IFESS 22nd Annual Conference Proceedings. 2018.

@TRI_UHN
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Participants

• n=10 (7M, A=21.9±2.6, H=173.7±10.7 cm, M=67.8±14.4 kg)

Methods

• Play 3x4 games, with or without FES. Rest 30 min, repeat.

Analysis

• Validate subject VFT performance with vs. without FES

COP Distance From Center

Able-Bodied Validation of a Controller-Based Standing Rehab System
Emerson P Grabke1, Christopher Apostoli1, Kelvin Chow2, Jae W Lee1, Jaeeun Yoo1,

Jan Andrysek1,3, Kristin E Musselman4,5, Kei Masani1,5

1University of Toronto, Institute of Biomaterials and Biomedical Engineering; 2University of Toronto, Department of Mechanical and Industrial Engineering; 3Bloorview Research Institute;
4University of Toronto, Department of Physical Therapy; 5Toronto Rehabilitation Institute

Purpose

Therapeutic Tool Design

Closed-loop Functional Electrical Stimulation Controller

4 Visual Feedback Training Games

Optimizing Controller Able-Bodied Validation

Conclusion

A standing rehabilitation tool using FES and VFT 

was made and validated on able-bodied adults.

References

1. Sayenko D, et al. Spinal Cord. 2010; 48(1): p. 886-893.

2. Vette AH, et al. IEEE Trans Neural Syst Rehabil Eng. 2007; 15(2): p. 235-243.

Questions? Contact:

e.grabke@mail.utoronto.ca

To develop a functional electrical stimulation 

(FES) therapy for standing balance.

Background

• Continual need for better therapeutic tools for 

individuals with spinal cord injury (SCI)

• Visual feedback training (VFT) and an able-bodied-

like closed-loop FES controller have shown promise 

training standing balance in SCI individuals1,2.

Supported by:

Participants

• n=10 (9M, A=20.8±1.9, 

H=176.7±9.7 cm, M=74.1±16.4 kg)

Methods

• Play each of 4 games, 3x each

Analysis

• Optimize PD controller gains

to fit recorded EMG data

Optimizing Kp, Kd, Bias 

by minimizing the error

Optimized controller outputs and muscle activations

Kp

529±310

Kd

113±44

Bias %

20±9

Avg Corr:

r = 

0.53±0.10

The optimized controller properly captures muscle activations

FES + VFT did not deteriorate able-bodied balance control

Stimulation Intensity Histogram

COP & FES Correlation

Target

Ellipse

Hunting

Colour

Matching

mailto:e.grabke@mail.utoronto.ca
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Positive 
experience

Safety using 
harness

Increased 
balance 

confidence

Improved 
physical 
function

Program 
Benefits

Intensive/ 
challenging

Different 
from 

standard 
therapy

More 
progress to 

be made 
after training

Need for 
Challenge

Increased 
awareness of 

body and 
behaviours

Learned 
strategies to 
decrease fall 

risk

Return to 
previous 
activities 

Self 
Efficacy

Challenges of 
perturbations

PBT 
Specific

Preliminary Results on the Perspectives of People with Incomplete 

Spinal Cord Injuries in a Novel Balance Training Program

Introduction

Janelle Unger1,2, Hardeep Singh1,2, Kei Masani2,3, Beverley Catharine Craven2, Avril Mansfield1,2,4,5, Kristin E. Musselman1,2,5

1Rehabilitation Sciences Institute, University of Toronto; 2Toronto Rehabilitation Institute – University Health Network, 3Institute of Biomaterials and Biomedical Engineering, University of Toronto; 
4Sunnybrook Research Institute; 5Department of Physical Therapy, University of Toronto

Contact: janelle.unger@mail.utoronto.ca

kristin.musselman@uhn.ca

Methods

Preliminary Results

Discussion

References
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Objective

To gain insights into participants’ experiences in two 

intensive balance training programs, one of which used 

novel therapeutic methods.

Taking balance 

risks following 

training

Novelty of 

perturbation-based 

balance training

• Intensive and challenging balance programs feasible and 

enjoyable for people with chronic iSCI

• Balance training can increase balance confidence during 

daily tasks

• Participants learned strategies for self-management of fall 

risk at home and in the community and reported 

increased awareness about their environment, body, and 

behaviours

• Participants in the PBT group reported taking more risks 

with respect to their balance after training and enjoyed 

the novelty of this program 

• Qualitative research in rehabilitation is important for the 

development of person-centered care1

• Using qualitative methods to assess novel therapies 

provides the opportunity to assess feasibility, improve 

program structures, and direct future research2

Figure 2. Findings from preliminary analyses 

Figure 1. Examples of 

activities performed 

during both CIBT and 

PBT (left: obstacle 

course; right: kicking)

Future Work

• Semi-structured interviews will continue to be 

conducted for another seven participants

• Complete coding and analyses to be finalized

• Future balance training programs can use these 

findings for program development

Findings from all participants 

Findings from PBT group only

Thirteen participants

Conventional intensive 

balance training (CIBT) 

involves challenging 

balance activities 

performed in a safety 

harness 

Perturbation-based balance 

training (PBT), which is 

similar to CIBT, but included 

repetitive pushes/pulls 

eliciting balance reactions, 

a novel program

Semi-structured interviews conducted 3 months 

after training asked about experience in 

program and impact on daily life. Data analyzed 

using conventional content analysis3
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Reorganization of Primary Motor Cortex in Paralympic Athletes

Kento Nakagawa 1,2, Kei Masani 1, Kimitaka Nakazawa 3

1 Toronto Rehabilitation Institute – University Health Network, 2 Japan Society for the Promotion of Science, 3 The University of Tokyo

Introduction

 Primary motor cortex (M1) has a plasticity.

 Amputation induces M1 plastic change.

 Motor training induces M1 plastic  change. 

No study has investigated how M1 plastically

changes in case of combination of amputation 

and motor training. 

Examining the M1 reorganization and possible 

neural basis of greater motor performance in 

Paralympic athletes.

. 

Objective

M1 representation

Methods

Case 1. A Paralympic long jumper with prosthesis leg

Participants

 An amputated long-jumper who got gold 

medals in Paralympic, and holds a world 

record (8m40). (ALJ)

 12 intact long jumpers (7m03 - 7m86). (ILJ)

 4 amputated non-athletes. (ANA)

fMRI experiment

Rhythmic muscle contraction 

in 6 body parts in MRI.  

① Right hip

② Right knee

③ Right ankle

④ Left hip

⑤ Left knee

⑥ Left ankle

①

②

③ ⑥

⑤

④

Case 2. A Paralympic archer born without both arms

Participants

An amputated archer who holds a 

world record for longest accurate shot 

in archery (283m). (AA)

6 able-bodied adults (control: CON)

fMRI experiment Rhythmic right toe movement

TMS experiment

 TMS mapping around foot area 

 EMG recording from lower limb muscles 

 Resting condition 

Results

Case 1. Results

Ankle Knee Hip

Right
(amputated side)

Left

ALJ     ILJ    ANA ALJ     ILJ    ANA ALJ     ILJ    ANA

D
if
fe
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n
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e
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n
 M

1
 

a
c
ti
v
a
ti
o
n
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a
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v
o
x
e
l)

amputated

side: Right

Brain activation in a

Paralympic jumper

Asymmetry in M1

activation between legs  

Case 2. Results 

Right 

Left

Ankle Knee Hip

Bilateral M1 activation during knee movement in amputated side

M1 activity 

during toe 

movement 

fMRI experiment

TMS experiment

←Heat map from Dorsiflexor muscle (TA)  

↓Map size of lower limb muscles

Larger area which has descending tracts to foot muscles

Conclusion

Contact: 

Kento.Nakagawa@uhn.ca

Expanded activation

of M1 foot area 

toward lateral side

 Expanded M1 representation of sport-specific 

body parts in Paralympic athletes.  

 M1 reorganization pattern depends on type 

of sport or disability. 
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COMPUTER VISION

 The CV system used a 

webcam to identify a 

target object, selecting 1 

of 4 grasps automatically.  

BRAIN-COMPUTER INTERFACE

 The BCI used a single 

electroencephalography (EEG) channel  

and was implemented as a ‘brain-switch’

 Movement intention was detected as an 

event-related desynchronization – a 

decrease in EEG power visible during 

movement attempt

NEUROPROSTHESIS 

FOR

GRASPING

 Implemented using

two Compex Motion 

stimulators

 Each unit is programmed 

to facilitate two unique 

movements

Automatic Configuration of a BCI-triggered Neuroprosthesis for Grasping

Lazar I. Jovanovic1,2, Ryan Koh1,2, Jirapat Likitlersuang1,2, Xinyi Gong1,2, Isabel Bolivar-Telleria1,2, Matthew Myers1,2, 

Milos R. Popovic1,2, Jose Zariffa1,2, Cesar Marquez-Chin1,2

1 Toronto Rehabilitation Institute – University Health Network, 2 Institute of Biomaterials and Biomedical Engineering, University of Toronto

Introduction Methods Results

 To be effective, Functional Electrical 

Stimulation Therapy (FEST) requires 

participant to be fully engaged during 

massed practice (20-40 sessions) [1].

 We propose a new system that 

combines computer vision (CV) for 

selecting context-appropriate grasps, 

and a brain-computer interface (BCI) for 

detecting the intention to move.

 The automatic configuration using CV 

enhances massed practice approach of 

the FEST and the BCI ensures the 

participant’s engagement.

MASSED 

PRACTICE

ENGAGEMENT AUTOMATIC 

CONFIGURATION

Participant
Level of 

Injury (SCI)

BCI 

Frequency 

Band [Hz]

Session 

Duration 

[min]

BCI  

Latency 

[sec]

1 - 8-12 41 3.3±4.2

2 - 9.4-11.4 80 5.3±5.7

3 - 8-14 60 6.6±14.6

4 C6/AIS B 12-14 74 5.3±9.4

5 - 22-26 87 8.3±9.1

6 - 22-26 70 6.5±5.8

Conclusion

 This proof of concept study demonstrated 

the feasibility of an integrated CV-BCI-FES 

system, igniting new avenues for innovative 

motor rehabilitation.

1 2 3

Figure 2. The 

background 

subtraction CV 

algorithm for 

creating 

objects’ masks 

Figure 3. 

Steps for 

using the 

system:

1) CV system selects the grasp and configures the FES

2) The participant places the hand around the object

3) The BCI activates the FES when the participant imagines 

grasping the object

Figure 1. FEST restores motor function after spinal 

cord injury or stroke, using electrical pulses to 

artificially produce movement over multiple sessions.

Contact: lazar.jovanovic@mail.utoronto.ca

www.reltoronto.ca
Dean Connor and Maris 

Uffelmann Donations

©

Table 1: The BCI results.

Computer Vision Confusion Matrix
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Predicted Label

(Identified Required Hand Posture)

CV

 Integrated CV-BCI-FES system

Unit 1 Unit 2

Lumbrical Grasp Precision Pinch

Palmar Grasp Lateral Grasp

FES

FES

DAQ BCI EEG
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Validation of Hand Joint Estimation in Egocentric Video Using 

OpenPose

Mehdy Dousty1,2, Ryan Visée1,2, José Zariffa1,2

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto 

Introduction 

• Cervical spinal cord injury (SCI) can impair motor

function in the upper limb.

• The lack of hand functionality constrains an

individual’s independence, leading to a reduction in

quality of life [1].

• Developing new interventions requires appropriate

outcome measures.

• Current measures do not capture upper limb use in

the home and community, therefore don't reflect the

true impact of an intervention.

• Alternative: Wearable cameras.

- Rich source of information about daily hand use.

- Hand posture information from egocentric videos 

>>>could further enhance the clinical potential of this 

>>>approach.

(a) (b)
• Figure 1. Wearable cameras, (a) Looxcie Camera , b) GoPro Hero 4

Camera

Objective 

• To validate the OpenPose pose estimation algorithm

to estimate hand joint locations in egocentric video

from non-clinical environments.

Methods 

1. Dataset: 40 random egocentric images were selected

for this study from a dataset of individuals with SCI

performing activities of daily living in HomeLab.

Figure 2. Sample images.

2. Hand Detection: The You Only Look Once version 2

(YOLOv2) algorithm was used to locate hand bounding

boxes. [2].

Figure 3. Bounding box by applying YOLO.

3. Pose Estimation: The OpenPose algorithm was

applied to identify hand joint coordinates [3].

Figure 4. Pose estimation.

Results

Figure 6. Correlation between annotated data and pose estimation. The

result demonstrate high level of correlation (0.997+0.005).

Figure 7. The average and standard error of Euclidean distance between

annotated data and pose estimation.

Discussion

The results demonstrate the efficacy of the proposed

method to examine hand joint coordinates in egocentric

video. We aim to apply this technique to adaptively

identify hand postures in order to facilitate generating

reports for clinical monitoring purposes.

References

1. K. D. Anderson, J Neurotrauma . 2004; 21(10):1371-83.

2. Joseph Redmon et al., CVPR. 2016; 779-788

3. Tomas Simon et al., CVPR. 2017; 4645-4653

Questions? Contact: 

Mehdy.Dousty@mail.utoronto.ca

Figure 5. Joint annotations [2]

4. Annotations and Tests: The

locations of hand joints were manually

labelled. Pearson correlation and

Euclidean distance were calculated to

compare annotated data and pose

estimation in non-occluded joints.

mailto:TRI-ResearchDay@uhn.ca
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Designing a Functional Electrical Stimulation Rowing Exercise

Pirashanth Theventhiran1,2, Thomas Nguyen1,2, Kei Masani1,2

1Rehabilitation Engineering Laboratory, Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto

Introduction
• Winter is around the corner: slips and falls can 

cause spinal cord injury (SCI)

• SCI individuals experience a deterioration in their 

cardiovascular and musculoskeletal system

• Functional electrical stimulation (FES): invokes 

artificial muscle contractions using electric current

Objectives

Methods

Discussion

References

To develop a coaching system for FES rowing exercise for 

individuals with spinal cord injury

1. Sensor Instrumentation:

Seat Position Sensor

Handle Position Sensor

Foot Plates:

• 2 normal force sensors

• 2 shear force sensors

Handle Force Sensor

Mounting Amplifiers and Wiring Circuit

2. Calibration & Validation:

1. Determine timing of muscle activity & motion analysis in 

15 able-bodied participants

2. Development of Coaching System: Real Time Feedback 

to instruct users on optimal timing of administering FES

Preliminary Experiments:

• Able-bodied individuals preferred rowing between 22 

and 34 strokes per minute

Timing Difference in Various Conditions:

• Participants rowed

with and without a

metronome at their

preferred and

controlled stroke rates 
System Development

• Rectus femoris muscle 

activation happens slightly 

before and causes the seat 

to move backwards

• Detect muscle activation 

onset and seat position 

peaks

• Calculate timing difference 

• Integrating FES into rowing exercise 

may counteract these health issues

• Gap: Optimal timing for FES during 

rowing is hard to learn 

1. Handle and Foot Forces:

• Auditory cues (metronome) reduced timing difference 

between handle and foot forces

• Improved coordination results in greater force & loads

• Greater loads on the legs help maintain bone density

• Therefore, coaching system should employ auditory cues

2. Leg Muscle Activation and Seat Position:

• The onset of leg muscle activity occurs between 0.3 &

0.5 seconds before seat position onset

• FES should be administered within this time frame.

3. Future Step:

• FES Coaching System Validation with 3 SCI participants

to assess whether it improves timing and force output

Time Difference between Muscle Activity Onset

& Seat Position:

y = 0.019x + 0.0452
R² = 0.9992
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incrementally
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to ensure linearity
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1. Andrews B. Gibbons R. Wheeler G. (2017). Development of Functional Electrical Stimulation Rowing: The Rowstim Series. Artificial Organs. vol: 41 (11) pp: E203-E212
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4. Concept 2 Rowing Ergometer: https://www.concept2.com/

• Timing difference 

between peak 

handle and foot 

forces was 

calculated using 

cross correlation

• Metronome 

reduced the 

standardized 

timing difference 

between peak 

handle and foot 

forces

Pirashanth.Theventhiran@mail.utoronto.ca

• Time

• Frequency

• Pulse Width

• Intensity

Stroke Rate:

Distance:

Target         Current
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Discriminating Naturally Evoked Compound Action Potentials from 

Nerve Cuff Recordings with Convolutional Neural Networks
Ryan Koh1,2, Adrian Nachman1,3,4, José Zariffa1,2,3
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Computer Engineering, University of Toronto. 4Department of Mathematics, University of Toronto

Introduction

• Multi-contact nerve cuff electrodes can record

neural signals with minimal nerve damage providing

helpful signals for assistive technologies (prosthetic

limbs, implanted functional electrical stimulation).

• There is a need to decode the information contained

in complex and noisy neural recordings.

• Spatiotemporal patterns (Fig. 1) can be used to

associate compound action potentials (CAPs) with

specific neural pathways.

• Discrimination of CAPs was previously shown to be

possible using a matched filter (MF) approach [1],

which built 1 dimensional (1-D) templates.

• Techniques that exploit the 2-D structure may better

preserve the local relationships of the spatiotemporal

patterns, improving discrimination performance.

Objectives

• Determine the CAP discrimination performance of a

convolutional neural network (CNN), which retains the

2-D structure of the spatiotemporal patterns.

Methods

• Acute experiments were performed on 9 Long-Evans rats.

Neural activity was recorded with a 56-channel nerve cuff (7 x

8 grid, as seen in Fig 2).

• Stimuli for different neural pathways within the sciatic nerve

were applied to isolate activity from different fascicles.

• CAP detection was performed on the tripole-referenced data

using the delay-and-add operator [2] and an automatically

selected threshold [3].

• Resulting training set CAPs were either averaged, creating 1-

D matched filters as reported in [1], or individual CAP

spatiotemporal signatures were used as 2-D training inputs for

the CNN (Fig. 3).

• Two different contact orderings were investigated for the CNN

input (emphasizing spatial (by ring), or emphasizing temporal

info. (longitudinal)), as well as a combined configuration.

• Performance was evaluated based on classification accuracy

and F1 score.

Significance

• CNNs can be used to classify naturally evoked

CAPs recorded from multi-contact nerve cuff

electrodes.

• With further improvements to CAP classification,

we will be able to create much better assistive

technologies such as a neuroprosthetics that can

achieve more natural movements.

1. Koh et al. J. Neural Eng. 2017 14 016013

2. Metcalfe et al. J. Neurosci. Methods 2015 251 47-55

3. Quian Quiroga et al. Neural Comp . 2004  16  1661-1687.

Contact: ryan.koh@mail.utoronto.ca @TRI_UHN

Fig. 1: Example of a spatiotemporal template from a neural pathway 

(averaged from 1892 compound action potentials recorded from a rat 

sciatic nerve during dorsiflexion) 

Acknowledgements:Website: https://www.neurorehab-systems.ca

References

Fig. 3:  The framework of the CNN. The network takes an input recording and 

applies convolution and max pooling (2 convolution and max pooling pairs 

followed by another convolution layer) extracting features as input for the fully 

connected neural network for classification 

Tripolar

Reference

Classification 

Accuracy (%)

F1-score

Match Filter –

SE

51.0±10.8 0.446±0.157

Match Filter – TE 43.3±7.6 0.395±0.072

CNN – SE 75.9±12.5 0.672±0.119

CNN – TE 75.0±12.4 0.662±0.113

CNN – SE + TE 78.0±11.5 0.696±0.116

SE – Spatial Emphasis

TE –Temporal Emphasis

• Table I shows that the CNNs

have much superior performance

compared to the previously

proposed matched filters in [1],

regardless of contact ordering.

• Ordering contacts to emphasize

spatial information leads to

higher discriminability than

ordering contacts to emphasize

temporal information; however,

best performance is achieved

when combining both.

Results + Discussion

Rings

Unrolled nerve cuff

7 rings of 8 contacts

Contacts within a ring 

Fig. 2: 56-channel 

nerve cuff layout, 

consisting of 7 rings 

of 8 contacts when 

rolled up
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An Anatomically Accurate Finite Element Model for Investigating Neural 

Activation in Spatially Distributed Sequential Stimulation
Silviu Agotici1,2, Rishi Raghuram1,4, Pranshu Malik3, Kei Masani1,2, Paul B. Yoo1,3
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Introduction

Functional electrical stimulation (FES) is used to 

restore limb or body movements in individuals with 

neurological impairments such as spinal cord injury or 

stroke. 

Currently, a major factor that limits the clinical efficacy 

of FES-based therapies is the rapid onset of fatigue. 

To date, several methods have been proposed to 

circumvent FES-induced muscle fatigue, but none 

have proven suitable for clinical applications. 

Spatially distributed sequential stimulation (SDSS) is 

a novel strategy which aims to minimize fatigue by 

asynchronously stimulating different volumes of a 

targeted muscle. 

Preliminary studies in human subjects have shown 

promising resistance to stimulation-evoked muscle 

fatigue[1,2], but further improvements are needed. 

Objectives

 Improve the SDSS approach by better understanding 

the mechanism(s) by which surface stimulation can 

selectively activate different groups of muscle fibers.

Methodology

Figure 2: Simulation results showing 

voltage profile and current flow resulting 

from a 15 mA cathodal stimulus.

Results & Discussion
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Meshing and Voltage Profile

Figure 1: Mesh of lower leg model used to run 

simulations in COMSOL (contains 3,623,695 

domain elements).

 The finite element model (FEM) includes 9 major 

muscles, the tibia and fibula, skin, subcutaneous fat, 

connective tissue, electrodes (25 cm2), and a 

monofascicular nerve composed of endoneurium, 

perineurium and epineurium (Figure 1)

 A steady-state solution was 

solved in COMSOL, where the 

electric potential (heat map) and 

current density (arrows) of the 

model was shown (Figure 2).

Distal

Figure 3: (a) Z-direction (proximal-distal) current density of TA muscle, and 

voltage profile along intramuscular lower motor neuron fascicle resulting from 

7.6 mA cathodal stimulation. The active cathodal (proximal-lateral) electrode is 

shaded in red. (b) AF’s resulting from individual activation of spatially distributed 

cathodal electrodes. The AF was calculated using the voltage profile along the 

center of the nerve fascicle. In general, an AF of greater magnitude is seen 

along sections of the nerve that are closer to the active cathodal electrode.

The Activating Function (AF)[3] is being used to predict 

relative activation threshold (Figure 3).
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Introduction

• The prevalence of urinary incontinence is high in 

Canada and increases with age, affecting more than 

half of women over 65 years old1

• Stress urinary incontinence (SUI) is the involuntary 

loss of urine during a cough, sneeze or exertion and 

accounts for 50% of urinary incontinence cases1

• SUI leads to reduced health-related quality of life 

by decreasing physical activity and increasing social 

isolation and places a significant financial burden 

on the health care system1

• Supervised pelvic floor muscle training delivered by 

pelvic health physiotherapists (PTs) is an effective 

treatment for SUI2

• Despite the existence of an effective treatment, SUI 

continues to be a widespread problem

Objectives

Impact of Research

References

1) Evaluate current pelvic health physiotherapy 

practices and referral patterns in the 

management of SUI in women in Ontario

2) Identify barriers and facilitators to implementing 

effective treatment

3) Develop and implement a strategic intervention

to promote effective treatment using the 

Knowledge to Action Framework3

• This proposed research will increase our 

understanding of how to improve the delivery of 

best practices related to SUI in women

• It will provide a basis for exploring referral and 

management practices in other provinces

Assess Local 

Barriers & Facilitators

Develop & Implement Knowledge 

Translation Intervention

Action Cycle 

Identify Knowledge-to-Practice Gap & Stakeholders

1. CCF. Incontinence: The Canadian Perspective, 2014.

2. Bo, K. World J Urol, 30, 437-443, 2012.

3. Graham et al. J Contin Educ Health Prof, 26, 13-24, 2006.

• Conduct a cross-sectional e-survey of pelvic health PTs in Ontario (n=555)

o Determine current PT practices & referral patterns for SUI management

• Recruit key stakeholders in urban and rural settings:

o Pelvic Health PTs: Identify through e-survey; social media

o Family Physicians: Contact random sample of family health practitioners

o Patients: Obtain permission to contact from pelvic health PTs; social media 

• Develop strategic knowledge translation intervention(s) 

based on identified knowledge-to-practice gaps and 

local barriers to implementation

• Implement intervention within local context

• Conduct, audio-record, and 

transcribe telephone interviews 

with stakeholders

• Analyze qualitative data using a 

content analysis framework 

• Identify common themes in 

urban and rural settings

Monitor & Evaluate 

Outcomes

• Identify strategies for monitoring 

behaviour change outcomes for 

future studies

o Re-evaluate pelvic health PT 

practices and referral patterns 

for SUI management

Knowledge to Action: Managing Stress Urinary Incontinence in Women
A Research Protocol

Stephanie Scodras1, Susan B. Jaglal1,2,3, Nancy M. Salbach1,2,3

stephanie.scodras@mail.utoronto.ca



• Memory and spatial navigation are both   

hippocampal-dependent abilities1,2

• These abilities are rarely directly compared

• Based on the given task, different regions 

of the hippocampus are activated:

• CA3/CA1 regions display activity during 

pattern completion tasks 

• The dentate gyrus is activated during 

pattern separation tasks

• Right posterior regions are activated 

during navigation 

Fig. 4. A positive 

correlation of r=.43 was 

found when comparing the 

intersection and pattern 

separation tasks; high 

performance on the 

navigation task was coupled 

with high performance on 

the pattern separation task.

1. Maguire, E. A., et al.,(2003). Hippocampus, 13(2), 250-259. 

2. Baker, S., et al., (2016). Current Biology, 26(19), 2629-2634. 

Fig. 2. Memory Image Completion (MIC) Task: (a) Participants study a variety 

of named rooms, e.g., living room. (b) They are then tested on pattern 

completion by being shown partial cues of the scenes. 

• N = 36 (26 female);  Avg. YOE = 15.91;  Avg. Age = 23.78

Fig. 5. A positive 

correlation of r=.37 was 

found when comparing the 

sense of direction 

questionnaire and pattern 

separation; high scores on 

the sense of direction 

questionnaire is coupled 

with greater pattern 

separation abilities.

• Each ability was assessed using different tasks, composed 

of spatial navigation and pattern completion/separation 

tasks

Fig. 1. (a) Path Integration Task: A maze task examining spatial navigation 

asks participants to point an arrow at the end of the maze in the direction that 

they started the maze from. (b) Different Approach Task: An intersection task 

examining spatial navigation asks participants to report the street they 

originally came from.  

Pattern Completion Task

(a) (b) 

Pattern Separation Task

Fig. 3. Mnemonic Similarity (MST) Task: 

Participants study everyday items and are then 

tested with old, new, and similar i.e., lure items to 

assess whether they can separate between the 

patterns that overlapped at encoding.

To determine whether there is a  correlation 

between two hippocampal- dependent abilities:

• Specific memory processes, including 

pattern completion and pattern separation 

• Spatial navigation

Conclusion: Performance on different hippocampal-

dependent abilities have displayed a positive correlation 

within individuals. 

Implications: Clinical interventions that target the 

hippocampus stand to improve both memory and spatial 

navigation (i.e., not one or the other).

Future Directions: Future research can address 

potential mediators, such as controlling for IQ which may 

be a factor driving the relationship. 

• Participants also completed  ‘Sense of Direction’ and 

‘Navigation Strategy’ questionnaires 

Are Different Hippocampal-Dependent Abilities Related? Comparing  Pattern 

Completion/Separation and Spatial Navigation

Adina Levi1,2,3, Zorry Belchev1,2, Gary R. Turner3, Robin Green2, Asaf Gilboa 1,2

1Baycrest Hospital – Rotman Research Institute, 2Toronto Rehab Institute – University Health Network, 3York University, Department of Psychology 

Introduction 

Objectives

Methods 

Spatial Navigation Tasks

(a)       (b) 

Results

Discussion

References
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The Impact of Fatigue on EEG-based Brain-Computer Interface (BCI) 

Applications for Post-stroke Rehabilitation

Jacob Manuel1, Ning Jiang1, Jennifer Boger1, Deborah Hebert2, Shoja’eddin Chenouri3

1Systems Design Engineering, University of Waterloo. 2Rocket Family Upper Extremity Clinic, Toronto Rehabilitation Centre. 3Statistics and Actuarial Science, University of Waterloo. 

Introduction

Previous studies have indicated that Brain-Computer 

Interfaces (BCIs) using Movement-Related Cortical 

Potentials (MRCPs) can induce neuroplasticity aiding 

stroke recovery1 (see Figure 1 for diagram). 

The Canadian Stroke Best Practices recommend three 

hours of stroke rehabilitation daily2. However, extended 

use of BCIs can lead to mental fatigue, which is 

hypothesized to significantly impact performance.

To effectively support post-stroke rehabilitation, BCIs 

must be able to adapt to such changes in the user’s 

brain signals. Currently, little is known about how mental 

fatigue impacts BCI performance in post-stroke 

populations.

This study aims to expand on a pre-existing studying the 

effects of BCI-induced mental fatigue in young and 

senior participants with a population of persons who 

have had a stroke. 

Objective

The primary objective of this study is to explore how 

mental fatigue features present in the EEG of post-

stroke adults over the age of 65.

Methods

Electroencephalographic (EEG) and electromyographic 

(EMG) sensors are placed on the participant.

The participant will be prompted by an on-screen 

countdown to perform repeated timed dorsiflexions

while the biosignals are recorded.

Biosignal data is post-processed using a large Laplacian 

filter surrounding the Cz electrode to increase the 

signal-to-noise ratio. The resulting signal is then aligned 

with the onset of dorsiflexion events visible in the EMG 

(see Figure 3).

Mixed methods data will also be collected, including 

subjective data about the fatigue experienced 

throughout the experiment. 

Figure 2 (From left to right): An EEG cap with non-invasive electrodes 

placed on the participant. EMG electrodes placed on the leg to record 

muscle activity. Dorsiflexion, the movement of the foot towards the shin.

As seen in Figure 3, MRCP signals can be quite 

variable. We hypothesize that this effect will be more 

pronounced in persons experiencing post-stroke fatigue. 

The results of this study will inform the management of 

mental fatigue in the development of BCIs for post-

stroke rehabilitation.

References

1. Mrachacz-Kersting, N, et al., Efficient neuroplasticity induction in 

chronic stroke patients by an associative brain-computer interface. 

Journal of neurophysiology, 115(3), 1410-1421, 2016. 

2. Hebert, D, et al., Canadian stroke best practice recommendations: 

Stroke rehabilitation practice guidelines, update 2015. International 

Journal of Stroke, 11(4), 459–484, 2016. 
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Discussion
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Figure 3:EEG electrode placement (left) and filtered MRCP for healthy 

participant (right). Filtered MRCP for each dorsiflexion is plotted from -4s 

to +1.5s from the onset of movement, with the average of all trials bolded 

in blue. 

Figure 1: Diagram of a MRCP-based BCI that used functional electric 

stimulation for post-stroke rehabilitation.

https://uwaterloo.ca/engineering-bionics-lab/
https://www.itwil.ca/
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The Effects of High-Intensity Interval Training on Type 2 Diabetes: 

A Study Protocol 
Lilian Pinto da Silva1, Laura Banks1, Scott Thomas2 , Paul Oh1,2 

1Toronto Rehabilitation Institute – University Health Network, 2University of Toronto, Faculty Kinesiology & Physical Education

Introduction

• Diabetes Mellitus (DM) is a common chronic disease 

that is associated with complications including 

impairment of glycemic control and cardiac autonomic 

control. 

• Dysfunction of the autonomic system predicts 

cardiovascular risk and sudden death in patients with 

Type 2 Diabetes (T2D).

• Cardiac autonomic control can be investigated using 

heart rate variability (HRV) analysis. 

Methods

The objective of this pilot study project is to evaluate if 

the inclusion of personalized high-intensity interval 

training (HIIT) in our cardiac rehabilitation (CR) program 

for people with T2D will improve their blood glucose and  

cardiac autonomic control.

Objectives

Figure 1: Illustration of variability of HR (a) determined by response 

characteristics of sinoatrial node to modulation of activity of each of the 

autonomic branches* and (b) in duration of each heart beat interval. * 

From Saul, J. P., NIPS 1990; 5:32-37.

Heart Rate Variability Analysis

Time domain HRV measures

Mean of normal R-R intervals – NNi MNN (ms)

Standard deviation of NNi SDNN (ms)

Root mean square of the difference between 

successive NNi
RMSSD (ms)

Proportion of consecutive NNi with difference 

greater than 50 ms
pNN50 (%)

Frequency domain HRV measures

Power of the spectral bands of low frequencies LF (ms2,n.u.)

Power of the spectral bands of high frequencies HF (ms2,n.u.)

LF/HF ratio

Nonlinear HRV measures

Poincare analysis SD1 and SD2

Approximate entropy ApEn

Sample entropy SampEn

Detrended fluctuation analysis DFA

Table 1: Description of HRV measures of cardiac autonomic control. 

References
1. Malik M et al., Eur Heart J, 17(3), 354-381, 1996.

2. Vink et al., J Diabetes Investig, 4(1), 4–18, 2013.

3. Wormgoor SG et al., Can J Diabetes, 41(5), 536-547, 2017.

Questions? Contact:

Lilian.PintodaSilva@uhn.ca

In addition to medications, the treatment of DM includes 

physical activity.  Newer approaches, such as high-

intensity interval training (HIIT), may provide an even 

more effective exercise intervention.

However, the acute and chronic blood glucose and HRV 

responses to HIIT are poorly understood in DM patients.
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 N = 30 participants (T2D, female and male)

 Exercise compliance from 0-3 months of standard 6-month 

CR class, Completion of stress tests (0, 3 months) to derive 

anaerobic threshold (AT) and peak exercise capacity 

 12 weeks of HIIT, 3x/week (1 supervised in-class session, 2 

at-home sessions), 100-110% AT or 80-95% peak HR, 

progress exercise intensity after each 3 weeks

 Continuous blood glucose monitoring with Freestyle Libre Pro 

(14 day arm sensor with 15 minute sampling frequency) at 

start (Weeks 0-2) and end of intervention (Weeks 10-12)

Methods (cont.)

3 Weeks of HIIT training – progress exercise intensity based on achieving target intensity 

and  participants` interest

6 Weeks of HIIT training – progress exercise intensity based on achieving target intensity and 

participants` interest + HRV analysis

Post-Intervention (HIIT training) – blood glucose monitoring (Weeks 10-12) and HRV 

analysis (Week 12)

9 Weeks of HIIT training – progress exercise intensity based on achievìng a target intensity 

and participants interest

(a) (b)

Figure 2: Illustration of (a) Blood glucose monitoring system and (b) HR 

monitor to record inter-beat interval data`. Kubios HRV Standard software 

will be used for HRV analysis.

(a)

(b)

Pre-Intervention (HIIT training) – blood glucose monitoring (Weeks 0-2) and HRV analysis 

(Week 0)
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Influence of Simulated Obstructive Sleep Apnea on Thoracic Fluid 

Volume and Airways Resistance in Healthy Subjects

Xiaoshu Cao1,2, T. Douglas Bradley1,3, Swati Bhatawadekar1, Bojan Gavrilovic1, Shumit Saha1,2, 

Cristina O. Francisco1, Azadeh Yadollahi1,2

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto, 3Department of Medicine, University of Toronto

Introduction

• Prevalence of obstructive sleep apnea (OSA) is 3 

times higher in asthmatics than the general population

• OSA increases asthma severity by 7 times

• Treatment of OSA improves asthma symptoms

• Thus, there can be a pathophysiological link between 

asthma and OSA (Figure 1)

Hypothesis

Negative intra-thoracic pressure generated by 

inspiratory efforts against an occluded upper airway will 

increase thoracic fluid volume (TFV). If true, the excess 

fluid in the thorax may increase lower airway resistance 

(RLA), especially in asthmatics.

Methods Results

• MMs caused significantly greater increase in TFV 

than the control arm (p = 0.0007, Figure 4).

• However, RLA did not change significantly during MMs 

compared to control (0.3±1.4 vs -0.9±1.3, P = 0.16). 

Figure 4: Changes in TFV during control and MM study arms .

Conclusion

• We demonstrated that breathing against occluded 

pharynx draw fluid into the thorax in healthy subjects. 

• The next step is to test the hypothesis that in 

asthmatics, breathing against occluded pharynx will 

also draw fluid into the thorax and will increase RLA.

References
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2. Redolfi, S, et al., Am J Respir Crit Care Med, 179, 1502-4, 2009.

3. Bhatawadekar, SA, et al., J Appl Physiol, 122(4), 809-16, 2017. 

Questions? Contact: xiaoshu.cao@mail.utoronto.ca

Intervention: perform Mueller maneuvers (MM) by 

breathing against an occluded airway to simulate OSA.

Control: normal breathing (Figure 2 and 3). 

Figure 3: 

FOT: forced

oscillation 

technique; 

TFV: thoracic

fluid volume; 

Pit: intra-

thoracic

pressure

Table 1: 

Demographics

n 6

Age, yrs 35.7±7.7

BMI 23.5±2.3

@TRI_UHN 



v Experimental setup: Thirty healthy subjects
performed CPET on cycle ergometer (Figure 1).
The tracheal breathing sounds were recorded using 
a small wearable device (The Patch).

Determination of Respiratory Rates from Acoustic Signals During Exercise
Qi Zhang1, 2, Cristina de Oliveira Francisco1, Muammar Kabir1, Jing Zhang1, 4,                     
Nasim Montazeri1, Shahram Kharabian1. Azadeh Yadollahi1, 3

1Toronto Rehabilitation Institute – University Health Network, 2Electrical and Computer Engineering, University of Toronto, 3Institute of Biomaterials and Biomedical Engineering, University of 
Toronto, 4 Engineering Science, University of Toronto

Introduction 

v Cardiopulmonary exercise test (CPET) is the gold 
standard diagnosis procedure for cardiac diseases, but 
has limited accessibility due to its cost and complexity1.

v Acoustic signal analysis has been used to determine 
respiratory parameters in controlled environment2. The 
challenge for clinical application is background noise.

Discussion 
v The proposed algorithms successfully extract respiratory 

signal and determine RR with high accuracy, with robust 
performance for different exercise levels.

v Respiratory intensity will then be determined to estimate 
the maximal oxygen uptake, which is a screening factor 
for cardiac disease.

References 
1. Datta et al., Ann Thorac Med, 2015.10: p. 77-86.

2. Reljin et al., Sensors, 2015. 15: p. 9773–9790.

Contact: jamieq.zhang@mail.utoronto.ca
http://breathe2sleep.com

Goal

Results
Table 1: Demographics of subjects (data is presented as mean±SD)

Methods

To extract respiratory signal and determine respiratory 
rate using tracheal breathing recorded during exercise.

Characteristic (Male) 29 (7)
Age, years 30.8 ± 4.5

BMI, kg/m2 24.0 ± 3.5

Figure 3: SNR of representative exercise stages for the de-noised 
respiratory signals. SST established significantly higher SNR compared 
to WTT (**: p<0.0001, *: p<0.005). EMD was not adopted because of 

unacceptable signal distortion.

Detection of valleys 
and phase boundaries

Respiratory 
rate (RR)

Logarithm of variance

Respiratory signal

v Signal processing:

Figure 1: Cycling 
CPET with the 
gold standard 
measuring 
equipment and 
The Patch

The Patch

v Statistical analysis: ANOVA and Tukey’s test were 
applied to analyze SNR; Bland-Altman analysis was 
used to validate the accuracy of RR determination.

Figure 2: 
Systematic 
overview
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Thresholding 
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Synchrosqueezing-
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Signal to Noise 
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Breath phases

Figure 4: Bland-
Altman analysis 

of respiratory rate 
(breaths per 

minute) 
determined by 

The Patch against 
the gold standard 
CPET measures. 

D
if

fe
re

n
ce

s 
(b

p
m

)

Means (bpm)

1.
0

-1
.0

0.
5

0.
0

-0
.5

10 20 30

**
** ** ***

@TRI_UHN



@TRI_UHN 

#TRI2018RD

Vision-based Detection of Head and Body Positions during Sleep
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Introduction

 Ten percent of the population have Obstructive Sleep

Apnea (OSA).

 The severity of OSA increases in the supine

body/head position1 and can be decreased by

positional therapy3.

 Non-contact techniques can detect posture

conveniently, cost-effectively and noise free.

Objective

 To detect body/head posture during sleep using

videos recorded by infrared camera.

Methods Results

Method Accuracy

(%)

Precision 

(%)

Recall 

(%)

F1-score 

(%)

PF 51.7 48.8 95.6 64.6

LF 70.5 62.3 91.1 74.0

MobileNet 78.2 82.8 81.8 82.3

ResNet50 91.8 92.3 95.9 94.1

Darknet19 92.6 92.2 97.2 94.7

Table 1. Results for detection of head position

Discussion 

 In comparison to PF/LF methods, CNNs showed

better performance.

 Darknet19 achieved the best performance.

 Future work involves collecting more data to further

improve accuracy, and also implementing the

resulting algorithm in the form of a mobile application.

1. Van Kesteren, Sleep 34, 1075–1081, 2011

2. www.sleep-apnea-guide.com

3. Omobomi, Sleep and Breathing , 1–8. 2017

Contact: sina.akbarian@mail.utoronto.ca

www.breathe2sleep.com

Supine

Lateral

Method Accuracy

(%)

Precision 

(%)

Recall 

(%)

F1-score 

(%)

ResNet50 66.9 85.1 41.7 55.9

MobileNet 77.0 81.7 70.0 75.4

Darknet19 87.5 85.3 90.8 87.9

Table 2. Results for detection of body position

Sina Akbarian1,2, Ghazaleh Delfi1,2, Kaiyin Zhu1, Nasim Montazeri1,Maziar Hafezi1,2, Azadeh Yadollahi1,2, Babak Taati1,2,3,4

References

Fig 1. Left shows positional therapy. The right different sleeping positions2

Fig 2. Comparison of different methods

Methods

 Subjects: Referred for sleep test

 Positions (lateral / supine) annotated manually in

all video frames

 Videos captured using infrared camera.

 Preprocessing:

 Selecting feature points randomly from each frame

 Calculating the displacement of feature points

 Thresholding the total displacement over one

second to detect the Position shifts and body

movements

 Data set: 

Results

 Head/Body position detection:

 classifiers were trained based on features

extracted from infrared images.

 Different convolutional neural network structures

were trained

N=34 Supine (head) Supine (Body)

Training set

1,348 frames 
N=15 37% 57%

Test set

1,501 frames 
N=19 32% 50%

Table 1. Dataset partitioning for cross-validation

http://www.breathe2sleep.com/
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Effects Of Expiratory Muscle Training On Swallowing: A Systematic Review

Introduction and Objective

Expiratory muscle strength training (EMST) is an intervention for people with 

impaired voice or cough function. However, researchers have observed that 

the act of blowing through a pressure threshold device engages the 

suprahyoid musculature to a degree greater than seen during swallowing1. 

This led to the idea that EMST could be a beneficial intervention for people 

with dysphagia (swallowing impairment). 

We conducted a systematic review to understand changes in swallowing 

physiology or function in people who have completed a course of EMST.

Methods

Meta-Analysis and Discussion 

• The meta-analysis showed 

converging evidence that 

EMST improves maximum 

expiratory pressures (Fig. 3)

• There was no clear evidence 

of the effects of EMST on 

swallowing. 

• Future research about the 

effects of EMST needs to 

adopt standard definitions for 

measures of swallowing safety 

and physiology from 

videofluoroscopy.

References and Acknowledgments 

1. Wheeler, K. M. et .al.Dysphagia(22)108-116. 

2. Images available on www.google.com/imghp. Accessed Oct 30, 2018.

3. Jadad, A.R. et al. Controlled Clinical Trials.17(1).1-12.1996

The authors gratefully acknowledge the assistance of Jessica Babineau with

conducting the literature search for this review..

Renata Mancopes1,3, Sana, Smaoui1,2 Catriona M. Steele1,2 

Figure 1:  

PRISMA flow 

diagram of the 

Systematic 

Review.

• EMST is used in a variety of patient populations

• The majority of studies used the EMST150 pressure threshold trainer 

device (see Figure 2) 

• The most common protocol was 5 sets of 5 breaths (25 breaths/day), 

practiced 5 days/week for 4 weeks with loads set between 25% and 75%

• Exercise was typically supervised weekly 

• A literature search 

was conducted 

according to Cochrane 

guidelines using 9 

databases. 

• As shown in Figure 1, 

of 2786 non-duplicate 

articles,  15 were 

judged to be relevant 

for review.

• These underwent 

detailed review for 

study quality, rating for 

level of evidence, risk 

of bias, data extraction 

and meta-analysis.

Results 

1 Steele Swallowing Lab, Toronto Rehabilitation Institute – University Health Network; 2 Graduate Dept. of Speech-Language Pathology, Rehabilitation Sciences Institute, University of Toronto;       

3 Federal University of Santa Maria, Brazil.

Figure 2: 

The EMST 150 

pressure threshold 

trainer2

• The Penetration-Aspiration Scale (PAS) was the most common swallowing outcome. However, no 

common approach to summarizing PAS scores was used, making comparisons impossible.

• Maximum Expiratory Pressure (MEP) was the most common respiratory outcome measure.

• 60% of the studies were found to have poor quality (JADAD Scale ≤ 3).

• Bias was common throughout the articles, with performance bias being the most common type. 

Figure 3: Meta-analysis for measures of maximum expiratory pressure (MEP) 

@SwallowRehab
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Mean 

Difference

Study Mean SD Mean SD Weight IV, Random

Hegland et al. 2016 71.18 28.84 103.7 43.8 5.60% -32.54

Hutcheson et al. 2018 87 29 137 44 9.20% -50

Kulnik et al. 2015 62 34 80 31 12.30% -18

Jo et al. 2016 23.57 4.53 26 4.2 30.80% -2.43

Jo et al. 2017 23.3 4.1 25.9 3.9 30.30% -2.6

Pitts et al. 2009 108.2 23.2 135.9 37.5 6.40% -27.7

Plowman et al. 2018 98.5 45.7 125.5 61.3 5.40% -27

Total (95% CI) 100% -13.43

Heterogeneity: Tau2 = 49.21; Chi2=30.48, df = 6, p < 0.0001; I2=80%

Test for overall effect: Z = 3.39 (p = 0.0007)

MEP Pre- 

Treatment

MEP Post- 

Treatment

http://www.google.com/imghp
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2) Tongue-palate pressures:

• Tongue-palate pressure waveforms were extracted for 

every swallow

• The timepoints of earliest pressure onset, initial peak and 

terminal peak were identified (see Figure 2).

• TPR-AUC was calculated (mmHg*frames). 

• Latencies to the 3 VFSS events were calculated relative to 

tongue pressure onset.

The Relationship between Tongue Pressure and Airway Protection 

in Healthy Adults

Sana Smaoui1,2, Carly Barbon1,2, Brittany Guida1, Ashwini Namasivayam-MacDonald1,3, Melanie Peladeau-Pigeon1, 

Melanie Tapson1, Teresa Valenzano1,2, Ashley Waito1,2, Talia Wolkin1,& Catriona Steele1,2

1Toronto Rehabilitation Institute – University Health Network; 2Speech-Language Pathology, Rehabilitation Sciences Institute, University of Toronto;  3Adelphi University, New York

Introduction 

Tongue pressure generation is critical for movement of food and

liquid boluses through the mouth and pharynx in swallowing.

Higher tongue pressures are seen for thicker consistencies, but it

remains unclear whether tongue pressure amplitude or duration

influence the timing of pharyngeal swallow events.

Understanding this relationship is key for determining whether

tongue pressure resistance training has potential to improve

swallowing function for people with dysphagia.

We explored relationships between tongue pressure and swallow

timing measures for thin to mildly thick liquid consistencies in

healthy adults.

We hypothesized that greater power in tongue pressure

generation, reflected in a greater rise in amplitude per unit of

time (i.e. higher Tongue Pressure Rise Area-Under-the-Curve,

TPR-AUC) would be associated with shorter latencies to

pharyngeal phase events.

Methods

1) A significant effect for TPR-AUC on time-to-BPM (p=0.003) was found 

when other measures were held constant: 

• a 1 frame decrease in time-to-BPM requires a 240 mmHg increase 

in amplitude (or a 36 frame increase in pressure rise duration).

2) TPR-AUC significantly (p=0.003) impacted time-from-BPM-to-LVC, but 

not time-from-LVC-to-PKHYOID. 

3) Significant main effects of bolus consistency were found (Table 1):

• both slightly-thick and mildly-thick liquids were found to significantly 

increase time-to-BPM relative to thin liquids.

4) Later events (LVC, PKHYOID) were not influenced by consistency and 

there were no significant interactions

Conclusions

Participants:

37 healthy young adults (18 male), mean age = 33 years (range 

21-55). 

Data Collection: 

Participants took 3 discrete sips of each liquid. 

Simultaneous measurements included: 

1) Videofluoroscopy (30 images/second ); 

2) Tongue-palate pressures (mmHg) @ 250Hz

Videofluoroscopy:

• Swallows were randomly assigned for rating by two trained 

raters, blinded to each other’s ratings. 

• Raters identified timing (frame numbers) for 3 key events: 

• Bolus passing the mandible (BPM); 

• Laryngeal Vestibule Closure (LVC);

• Peak XY Hyoid Position  (PKHYOID).

Table 1.  Linear Mixed Model: Effects of Consistency on BPM

• Barium stimuli were prepared 

in a 20%w/v concentration 

with Bracco E-Z-Paque® 

Barium powder and thickened 

using a xanthan-gum thickener 

(Nestlé Resource® ThickenUp 

Clear®) according to the 

International Dysophagia Diet 

Standardisation Initiative. 

1) The results confirm a link between the power of tongue pressure 

generation, oral bolus transit times and time-to-LVC.

2) The results also indicate that the consistency of liquids significantly 

impacts timing of pharyngeal events. 

3) These data provide proof of principle that tongue pressure resistance 

training may have value as an intervention to facilitate earlier airway 

protection.

Funding for this study  was received from the Canadian Partnership for 

Stroke Recovery – Heart and Stroke Foundation, and the National 

Institute of  Deafness and other Communication Disorders.
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Figure 2. Tongue-Palate Pressure Curve Illustrating TPR-AUC 

For further information: visit www.SteeleSwallowingLab.ca

Figure 1. Stimulus array used

Results
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Introduction

Objectives

Methods

Results

Discussion

• Collaboration with PWD and exercise therapy

specialists resulted in engaging and appropriate tasks

• Customization of motions and calibration made the

game intuitive and easy to play.

• A larger sample size over a longer-term is needed to

ascertain efficacy
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Figure 7: Tracking of hand position of  all six participants for the sorting 

activity in the farm environment. While participants had variety of motion 

ranges, the calibration task performed at the beginning of the study was 

successful in customize activities to complement each person’s range of 

motion.

Design Guidelines for PWD 

• Keep visual targets within the field of view (start from 

front)

• Provide verbal prompts before the transition between 

real world and VR

• Avoid using buttons or gestures as control input.

• Use a calibration process to adjust the required range 

of motion for each individual

Procedure

• Calibration, Training, Three-week experiment

• Conditions: Therapist-led, Gym-VR, Farm-VR exercise

• 20 mins per day, 5 days/week, 1 week for each 

condition

Figure 4: Participants were asked to 

rate engagement, ease of task, interest, 

and comfort as well as open feedback; 

ease of use, interest, and comfort were 

measured using a 5-point scale and the 

engagement level was measured with a 

4-point scale.

Participants’ feedback obtained from daily and weekly 

questionnaire

Figure 6: Sample scatter plot of hand 

position in X-Z plane when performing the 

sorting activity in the farm environment..

Figure 5: Coordinate system for 

motion analysis originated

based on the location of HMD.

• Collaborative identification of targeted exercises

• Design and development of the game and interface

• Test exergame for efficacy for PWD

• The incidence of dementia is increasing in parallel 

with longer lifespans,

• Physical activity has positive impact for PWD,

• Challenges of exercise for PWD: physical abilities 

reduced, attending group exercise is overwhelming, 

insufficient resources and support

Mahzar Eisapour1, Shi Cao1, Jennifer Boger1,2

www.itwil.ca

Design and Evaluation of Virtual Reality Exergames for 

People Living with Dementia

Figure 1: a person following the calibration steps
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Introduction 

 Traumatic brain injury (TBI) leading cause of mortality &

functional disability

 50 million/ year worldwide

 Functioning post injury can be affected by comorbidities, age,

sex/gender & injury severity

 Limited understanding of the role of comorbidity in TBI &

functional outcome (cognitive and physical)

Objectives 

 Review studies examining comorbidity in TBI patients as it

concerns functioning as time since injury progresses

 Assess strength of associations between comorbidity &

physical and/or cognitive functioning

 Discuss comorbidity relevance to post-TBI functioning

through age, sex/gender & injury severity lenses

Methods 

Results  

 7 retrospective & 3 prospective, follow-up period varied (at

discharge, three, six, twelve months or other)

 Average age: 47.5; men: 76.3%

 Certain comorbidities (Table 2) were associated with physical

& cognitive outcomes after adjustment for important

covariates
 Inconsistent findings on influence of age & post injury functioning

 Sex rarely studied; no association in those that did

Discussion 

Comorbidity Type & Outcome

 Most investigated comorbidities include: systemic diseases,

psychiatric & bodily organs disorders

 Effects of neurological comorbidities and number of

comorbidities require further study

Effect Size of Comorbidity & Outcome

 Differences of effect size (Table 2) might be related to number

of controlling factors & requires further investigation

 Future studies on prognostic value of comorbidity and other

highlighted variables should take into account statistical

power, sex ratio, and duration of follow-up

Conclusion

 Results uncovers many challenging clinical problems (Table 2)

and TBI patient complexity, currently not well defined, but seem

to be closely related to functional outcomes

 Longitudinal studies, physical and/or cognitive outcomes &

comorbidity in persons with TBI older than 18yrs (registered

protocol CRD 42017070033 and published BMJ Open Access)

 MEDLINE, CENTRAL, Embase, and PsycINFO; May 1997 to

May 2017

 7,443 citations reviewed (SH, CX)

 Potential biases of studies assessed by Scottish Intercollegiate

Guidelines Network methodology

 Synthesis via tabulation & qualitative description; ≠ meta-

analysis  heterogeneity of study design, measurements and

population characteristics

Figure 2. Investigation of 

outcome by frequency 

Presence of 

Comorbidity Vs. 

None

Outcome Odds Ratio/Hazard Ratio

OR/HR (95% CI)

Controlled

for

History of psychiatric 

conditions

GOS-E

(3m)

GOS-E 

(6m)

2.2 [1.4-3.2] 2.4 [1.6-3.7] Age

Demo + 

medical

Demo + 

medical + 

psychiatri

c 

Dementia 1.72 [1.48-

2.00]

1.57 [1.35-

1.83]

Education, 

income

SBP 131-150 mmHg GOS-E (6m) 3.49 [1.30-9.35] Place of 

injury, age

Osteoporosis (OSTA 

index)

GOS 1.157 [1.057-1.266] Age, sex, 

injury 

severity

Cerebral infarct GOS (6m) 0.19 [0.06-0.66] Age, sex, 

injury 

severity

Leukoaraiosis GOS 

(3m)

GOS 

(12m)

mRS

(3m)

2.0 [1.4-

3.0]

3.3 [1.5-

7.1]

GCS ≤12 

2.6 [1.5-

4.7]; 

GCS 13-

15 2.1 

[1.3-3.4]

Age

*GCS: Glasgow coma scale; Demo: demographics; SBP: systolic blood pressure

Table 2. Effect size of comorbidity associated with outcome 

at p value <0.05. 

Research reported in this publication was supported by the Eunice Kennedy Shriver National Institute of Child Health & 

Human Development of the National Institutes of Health under Award Number R21HD089106. TM was supported by 

the Alzheimer’s Association under Award AARF-16442937.                                Contact: sara.hanafy@mail.utoronto.ca
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Figure 1. Investigation of 

comorbidity by frequency

 Injury-related variables not alone sufficient to accurately predict 

functional outcomes

 Age, sex/gender & multiple comorbid disorders may provide 

greater accuracy in predicting functional outcome
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Abstract— The Hand Extension Robot Orthosis Glove (HERO 

Glove) was iteratively designed with occupational therapists and 

stroke survivors to enable stroke survivors with severe hand 

impairment to grasp and stabilize everyday objects, while being 

portable, lightweight, and easy to set up and use.  The robot 

consists of a batting glove with artificial tendons embedded into 

the glove’s fingers. The tendons are pulled and pushed by a 

linear actuator to extend and flex the fingers. The robot’s finger 

extension and grasp assistance are automated using inertial 

measurement unit signal thresholds. Five stroke survivors 

(Chedoke McMaster Stroke Assessment – Stage of Hand 1-3) put 

on the HERO Glove in 1-3 minutes, with assistance. The stroke 

survivors performed significantly better on the Box and Block 

Test (2.8 more blocks transferred, p<0.01) while wearing the 

HERO Glove than when not wearing the glove. Four stroke 

survivors could only transfer blocks while wearing the HERO 

Glove. The HERO Glove enabled these stroke survivors to more 

fully extend their index finger (increase of 97.5o, p<0.01) and 

three of five stroke survivors were better able grasp a water 

bottle. Therapists and stroke survivors valued the glove’s 

portability, lightweight design and potential usefulness in 

assisting with task-based therapy.  

 

 
*This work was supported by the University of Toronto, Toronto 

Rehabilitation Institute (TRI), Natural Sciences and Engineering Research 

Council of Canada (NSERC), Canadian Partnership for Stroke Recovery 

(CPSR), and AGE-WELL NCE Inc., funded by the Networks of Centres of 

Excellence program. 
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of Biomaterials and Biomedical Engineering and is stationed at TRI (e-mail: 

aaron.yurkewich@mail.utoronto.ca). D. Hebert is a registered occupational 

therapist (Ontario) and Clinic Lead at the Rocket Family Upper Extremity 

Clinic at TRI (e-mail: debbie.hebert@uhn.ca). R. Wang is Assistant 

Professor in the Department of Occupational Science and Occupational 

Therapy at the University of Toronto (e-mail: rosalie.wang@utoronto.ca). A. 

Mihailidis is a Professor in the Department of Occupational Science and 

Occupational Therapy and the Institute of Biomaterials and Biomedical 

Engineering at the University of Toronto (e-mail: 

alex.mihailidis@utoronto.ca). 

 

Hand Extension Robot Orthosis (HERO) Glove: 

Development and Testing with Stroke Survivors 

with Severe Hand Impairment 

Aaron Yurkewich, Student Member, IEEE, Debbie Hebert, Rosalie H. Wang, Alex Mihailidis 



HERO Glove is a robot that enables stroke survivors to open and close their 
hand under their own control so they are able to independently perform 
activities of daily living, such as eating, drinking and dressing, at home. 

Product Specifications   
•   Comfortable, Safe and Easy to Wear 
•   Lightweight:   1/4 lb 
•   Wearable: Wireless + Bluetooth 
•   Data: Motion & Force Tracking  
•   Battery: ~2 days/charge 
•   Voice, Motion & Muscle Controlled 

Clinical Attributes   
• Targets non-use by enabling use of 

the affected hand in daily tasks  
• Enables therapists to practice daily 

tasks with low-functioning hands 
• Assesses hand use and function 
• See HERO Glove in action: 

https://goo.gl/rX27DY 
• Clinical trails on-going, visit: 

https://goo.gl/2jX4D2 
 

Market Size 
~ 100K stroke survivors in Canada 
    have limited hand extension 
  

~ $10 M/year is spent on assistive 
    hand devices for these clients 

Distribution Channels 
• Make It Yourself – It’s OpenSource! 

@ makersmakingchange.com 
• We are planning build events and 

home therapy programs for 
Summer 2019 

• To learn more,  Email: 
     Aaron.Yurkewich@gmail.com 

 

https://goo.gl/rX27DY
https://goo.gl/2jX4D2
https://goo.gl/2jX4D2
makersmakingchange.com
mailto:Aaron.Yurkewich@gmail.com


@TRI_UHN 

#TRI2018RD

Mobility Patterns of Older Adults with Dementia using GPS Technology

Sayeh Bayat1,2, Gary Naglie2,3, Mark J. Rapoport2,4, Bing Ye1, Elaine Stasiulis3, Alex Mihailidis1,2

1Toronto Rehabilitation Institute – University Health Network, 2University of Toronto, 3Baycrest Health Sciences, 4Sunnybrook Research Institute

Introduction and Objectives

 Persons with dementia (PWD) must eventually stop 

driving, which poses challenges to maintaining their 

mobility.

 Out-of-home mobility is frequently measured in terms 

of life-space, defined as the spatial area through 

which a person moves.

 Life-space is traditionally self-reported using 

questionnaires or travel diaries and is thus subject to 

inaccuracies.

 The aim of the study is to develop and validate 

GPS-based life-space measures, assess the 

feasibility of using GPS technology to measure 

different dimensions of mobility, and compare 

mobility patterns between PWD and controls.

Method

Participants

 2 dyads of PWD and their caregivers and 2 healthy 

controls (CTL) carried the Safetracks Prime Tracker 

GPS Device when traveling outside their homes for 4 

weeks.

GPS-based Mobility Model

A. Life-space Measures

B. Activity Types

A. Life-space Measures

B. Activity Types

Conclusion

 The new GPS-based life-space construct shows 

much promise in long-term monitoring of older adults’ 

out-of-home mobility patterns.

 Next steps involve comparing the two groups for 

statistical differences with a larger sample of 

participants.

Questions? Contact:

sayeh.bayat@mail.utoronto.ca

Table 1: Safetracks Prime Tracker

Spatial Measures:

Area and Perimeter of 

the region covered.

Furthest distance from 

the home location.

Temporal Measures:

Frequency of trips made

away from home.

Percentage of time 

spent away from home.

GPS 

Data
Extracting 

Stay Points
Clustering 

Stay Points

2

Extracting 

Semantic 

Locations

3

Categorizing 

Semantic 

Locations

4

Recreational

Place

Medical

Place

Entertainment

Place 

Shopping

Place

Restaurant Place of 

Worship 

Financial

Place

1

Results

PWD 1 PWD 2 CTL 1 CTL 2

Area (km2) 343.95 117.91 174.07 228.51

Perimeter (km) 95.01 43.45 60.38 65.33

Furthest distance (km) 22.47 13.13 17.91 15.99

Frequency of trips 1.3 1.0 1.8 1.7

Percentage of time 50.2% 50.3% 49.1% 50.2%

Table 2: Participants’ Life-space Measures
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Identifying the Factors Influencing Older Adults’ Perceptions of Fully 

Automated Vehicles
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Introduction

 Fully Automated Vehicles (FAVs) will be able to

perform all driving tasks at all times.

 Technological Plausibility: FAVs are not ready to be

tested on the roads yet.

 Benefits for Older Adults: projected to have positive

safety and comfort outcomes for older adults.

 Older Adults’ Perception of FAVs plays a significant

role in determining the prospective benefits. [1].

.

Objectives

Understanding the influence of each of the following 

categories of factors on older adults’ perceptions of FAVs:

Methods

 36 older participants (65+) will experience driving

scenarios in a high fidelity, fully immersive driving

simulator (See Figure 1).

 Driving Trials include both fully automated and

manual driving trials (3x10-min each)

 Driving Conditions:

 A perception questionnaire will measure the

following:

Methods (cont’d)

 This study will use both quantitative and qualitative

measures to characterize older adults’ perception of

FAVs.

Discussion

 The findings will provide insights into whether

exposure to these technologies could change

perceptions of FAVs.

 Associations among self-reported perceptions,

behaviours and physiological responses can inform

the future development and implementation of FAVs

for the use of older adults.

References 

1. Eby, D. et al.. Injury epidemiology, 3(1), 28.  2016.

2. Hassenzahl M. Human-computer interaction. 1;19(4):319-49; 2004.

3. Osswald S, et al. Proceedings Auto-UI Conference (pp. 51-58). 2012

Outcome

PerceptionUse 

• Cognitive Abilities

• Age related effects

Individual Factors

• Driving Conditions

• Mood 

Situational Factors

• Self-reported general attitude towards FAVs before and 
after the driving sessions

• Similarity between individuals’ driving styles (identified in 
manual mode) compared to the style of the FAV

Longitudinal Factors

Figure 1: iDAPT DriverLab at the 
Toronto Rehabilitation Institute

Clear daytime

Rainy daytime

High traffic

Driving 
Condition 1

• Manual Driving

• Fully Automated Driving

• Questionnaire on Technology Perception

Driving 
Condition 2

• Manual Driving

• Fully Automated Driving

• Questionnaire on Technology Perception

Driving 
Condition 3

• Manual Driving

• Fully Automated Driving

• Questionnaire on Technology Perception

Progress 

 The protocol has been piloted in Toronto Rehab 

DriverLab with young adults and recruitment of older 

participants is underway.

Measuring Participants’ Perception of an FAV

Quantitative Measures

Behavioral Responses

Gaze 
Behavior

Face 
Gestures

Physiological Responses

Heart Rate
Electro-
dermal 
Activity

Body 
Temperature

Qualitative 
Measures

Technology 
Perception 

Questionnaire 

1. Anxiety

2. Perceived Safety 3. Performance Expectancy

4. Perceived Usefulness 5. Social Influence

6. Self Efficacy 7. Perceived Ease of Use

Contact: Shabnam.Haghzare@mail.utoronto.ca



1. Build on information collected through focus group

and case studies about:

• Experiences of people with dementia/MCI

• Experiences of employers

• Transition process

• Management of dementia/MCI at work

2. Identify 1 or 2 key daily work activities that could

be digitally planned and managed

3. Develop the features and functions of the tool:

• Investigate features and functions that could be

automated/semi-automated

• Develop machine learning algorithms for self-

adaptation

4. Engage in co-design and participatory design

with people with MCI and their employers to create

a prototype

5. Evaluate the tool for performance, usability,

effectiveness, and adaptability to the stakeholders’

needs.

Mild Cognitive Impairment (MCI) @ Work – Digital Tool

Sheida Marashi1, Jennifer Boger 1,2, Arlene Astell 3,4, Ann-Charlotte Nedlund5, Katja Karjalainen6, Louise Nygård7

1University of Waterloo, Canada; 2Research Institute for Aging, Canada; 3Ontario Shores Centre for Mental Health Sciences, Canada; 4University of Toronto, Canada; 5Linköping University,      

Sweden; 6University of Eastern Finland, Finland; 7Karolinska Institutet, Sweden

Introduction

• Dementia is a progressive, irreversible neurological

disorder involving a decline in cognitive functioning.

• Mild cognitive impairment (MCI) involves subtle

changes in memory, language, thinking, or

judgement that exceed expectations of normal aging.

• Dementia and MCI-related cognitive changes can

profoundly impact workplace performance and

functioning.

• What happens when people develop dementia or 

MCI while they are employed? (Figure 1)

Objectives

• Overall goal: Create a self-adaptive digital tool to

support understanding, communication, and planning

between people with dementia/MCI at work and their

employers.

• Research questions:

• What are common work activities between

different occupations that can be supported by a

digital tool?

• What features and functions can address the

stakeholders’ needs (Figure 2)?

• What is the usability of the tool as measured by

aspects such as effectiveness, efficiency, and

satisfaction?
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Canada Engineering

Political & Social 

Science

Occupational 

Therapy

Psychology

People with dementia/MCI

Employers

FamiliesS
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@TRI_UHN

#MCI_work

We are looking for people with early onset dementia at 

work. To participate in our research, please contact 

sheida.marashi@uwaterloo.ca

Future Work

www.itwil.ca www.mciatwork.org

This research is supported by CIHR-JPI 

MYBL funding

Figure 2: The features and functions of the tool will be developed based on

the requirements of people with MCI/dementia, their employers, and family

members as well.

Figure 1: Dementia@Work is a multidisciplinary and internationally

collaborative project between Finland, Sweden, and Canada.

Elder and Labor Law

http://www.itwil.ca/
http://www.mciatwork.org/
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Ci rcu la t ing  Os teoca lc in  and  Verba l  Memory  Per fo rmance in  Peop le  
wi th  Type 2  D iabetes  Me l l i tus .

Lina Darwish1,2,3, Jasmine Carter1,2,3, Kim S. Sugamori2, Paul I. Oh3, Jane Mitchell2 , Walter Swardfager1,2,3

1Clinical Evaluative Science, Sunnybrook Research Institute; 2Department of Pharmacology & Toxicology, University of Toronto; 3Cardiovascular Prevention and Rehabilitation 

Program, University Health Network Toronto Rehabilitation Institute

Figure 1 unOCN actions in animal models.

• Verbal memory performance, as measured using the California 

Verbal Learning Test 2nd Ed. (CVLT-II), will be associated with 

serum unOCN concentrations in people with T2DM.

• Participants: Adults with T2DM (FBG ≥ 7.0 mmol/L and/or glycated 

hemoglobin (A1C) of ≥ 6.5% at time of diagnosis) were recruited from 

Toronto Rehabilitation Institute’s Diabetes, Exercise and Healthy 

Lifestyle Program and the Sunnybrook Diabetes Education Program. 

Demographic data and information on diabetes duration and diabetes 

complications were collected after informed consent was obtained. 

Anthropometric and metabolic measures were obtained from medical 

records.

• Cognitive Testing: Verbal learning and memory were measured 

using the California Verbal Learning Test 2nd Ed. (CVLT-II). Z-scores 

were computed based on norms adjusted for age, gender, education 

and handedness. Composite z-score was computed based on z-scores 

for learning (trials 1-5), short delay recall and long delay recall. 

• Serum protein concentrations: cOCN (Gla-OC MK111 Takara) 

and unOCN (Glu-OC MK118 Takara) concentrations were assayed 

by enzyme linked immunosorbent assay (ELISA) from fasting serum 

samples.

• Statistical Analyses: Linear regression models adjusted for age and 

gender were used to measure associations with unOCN.

Methods

• Osteocalcin, an osteoblast-derived protein, circulates in 

carboxylated (cOCN) and uncarboxylated forms (unOCN), 

and unOCN is understood to have widespread neuroendocrine 

effects.1

• In mice, unOCN promotes insulin secretion and influences 

insulin sensitivity, supporting the findings that concentrations of 

circulating unOCN are associated with risk of T2DM.2,3

• In mice, unOCN is associated with an increase in production of 

monoamine neurotransmitters, which are implicated in learning 

and memory. 4

• In type 2 diabetes mellitus (T2DM) cognitive decline is 

accelerated and T2DM increases the risk of dementia.5,6

• Recent studies have suggested the potential role of low 

unOCN in mediating cognitive deficits in patients with T2DM.7

Characteristic Median

or % (n)

Interquartile Range Association with 

unOCN

p

Sociodemographic

Age (years) 66.00 9.00 ρ = 0.179 0.343 

BMI 34.00 10.55 ρ = -0.180 0.924

Years of Education 17.00 5.00 ρ = 0.057 0.767

Sex (% female) 60% (18) - U = 90.50 0.459

Ethnicity (% Caucasian) 66.7% (20) - U = 70.00 0.494

Diabetes duration (years) 6.00 14.00 ρ = -0.169 0.398

Laboratory Values

HbA1c (mmol/mol) 0.069 0.012 ρ = -0.192 0.310

Fasting glucose (mmol/L) 6.90 5.30 ρ = -0.094 0.634

Insulin (pmol/L) 43.54 35.72 ρ = 0.197 0.324

HDL cholesterol (mmol/l) 1.28 0.245 ρ = 0.193 0.491

LDL cholesterol (mmol/l) 2.20 1.18 ρ = -0.393 0.164

Triglycerides (mmol/l) 1.16 0.68 ρ = -0.615 0.015

Medications

Biguanide (%) 66.7% (20) - U = 89.00 0.505

Insulin (%) 16.7% (5) - U = 48.50 0.223

Sulfonylureas (%) 16.7% (5) - U = 41.50 0.243

SLGT-2 inhibitor (%) 16.7% (5) - U = 47.50 0.404

DPP-4 inhibitor (%) 16.7% (5) - U = 59.00 0.846

Incretin mimetic (%) 6.7% (2) - U = 14.00 0.244

Subject Characteristics

Uncarboxylated osteocalcin (unOCN) data were skewed. To explore associations between participant 

characteristics, cognitive performance and unOC concentrations were found using Spearman’s rho (ρ) 

correlation coefficients and Mann-Whitney U test.

Table 1 Participant characteristics and associations with serum unOCN

concentrations (n=30)

Hypothesis

Background

Conclusions & Limitations

Serum unOCN Concentration Predicts CVLT-II 

Performance

CVLT-II Scores

• Serum unOCN concentrations were associated with 

verbal learning performance in people with T2DM.

• Possible limitations include: this study was cross-

sectional in nature, which can not imply causation; the 

ELISAs used were specific for completely 

uncarboxylated OCN and carboxylated OCN, but 

undercarboxylated OCN specifically decarboxylated on 

the Glu residue 17 was not quantified.

• Further investigation is necessary to determine the role 

of unOCN in the neuroendocrine effects of T2DM on 

cognitive decline in T2DM.

Results

Serum Insulin Predicts Serum unOCN Concentrations

P-value represents the two-sided significance between serum unOCN concentrations and cognitive Z-scores (from age 

and gender norms); *significantly associated with serum unOCN concentrations in multiple linear regression adjusting for 

age and gender.

Laboratory Values β p

Insulin (pmol/L) 0.599 0.015

Fasting glucose (mmol/L) -0.402 0.086

Table 5 Association between CVLT-II performance and unOCN 

concentrations.

Serum unOCN concentrations were associated with verbal 

learning.

Figure 2

Correlation 

between serum 

insulin 

concentrations and 

serum unOCN 

concentrations. 

The results suggest the possible relevance of a bone-derived 

neuroendocrine mediator in verbal learning performance in people with 

T2DM. The results are consistent with relationships observed between 

unOC concentrations and other (non-amnestic) cognitive domains in 

other studies.

Figure 3

Correlation 

between serum 

unOCN 

concentrations 

and 

CVLT-II learning 

z-scores.

Test Z-score β p

CVLT-II Learning (Trials 1-5) 0.415 0.022*

CVLT-II Short Delayed Free Recall 0.088 0.653

CVLT-II Long Delayed Free Recall 0.232 0.215

CVLT-II Composite 0.203 0.310

Measure Median Interquartile Range

unOCN (ng/ml) 1.90 1.76

cOCN (ng/ml) 8.67 1.61

Osteocalcin Measures (n=30)

• In people with T2DM, unOCN (β=0.415, p=0.022), but not cOCN 

(β=0.018, p=0.928), was associated with verbal learning, but not 

delayed verbal recall, performance, in models controlling for age and 

gender.

• unOCN was associated with fasting insulin concentrations (β=0.457, 

p=0.022); however, fasting insulin was not significantly associated 

with verbal memory performance (β=0.238, p=0.228).

• Controlling for serum insulin, age and gender, there was a trend 

towards fasting blood glucose negatively associated with serum 

unOCN (β=-0.402, p=0.086).

Psychometric Assessment Mean ± SD Interpretation

Total Learning in Trials 1-5

Words 40.27 ± 8.29

z-score -0.38 ± 0.80 Normal

Short Delay Free Recall

Words 7.59 ± 2.85

z-score -0.53 ± 1.14 Normal

Long Delay Free Recall

Words 8.20 ± 3.57

z-score -0.47 ± 0.95 Normal

Table 3 Results of cognitive testing using the CVLT-II.
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neurotransmitter
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β-cell proliferation

Insulin sensitivity
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Muscle mass

Anxiety & depression

Learning & Memory

Blood-Brain

Barrier

GPRC6A

GPRC6A

GPRC6A

GPR158
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References: 1J Li et al., J Bone Miner Metab 2016;34:367. 2I Kanazawa et al., J. Clin. Endocrinol. Metab 2009;94:45. 3 M Ferron et al., Proc Natl Acad Sci 2008;105:526,6. 4 F 

Oury et al., Cell 2013;155:228 5S Chatterjee et al., Diabetes Care 2016;39:300. 6W Katon et al., JAMA Psych 2015;72:612. 7 H Fang et al., J Diabetes Complications 2018;32:56 
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Rub-A-Dub-Dub, Three Interventions in a Tub 
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Education, University of Toronto 

 

INTRODUCTION: Falls are a leading cause of injury and hospitalization, leading to reduced 

mobility and independence. Bathrooms are a particularly high-risk environment, where 70% of 

falls are related to unsuccessful bathing transfers. While grab bars (GB) are recommended for 

fall prevention, little data exists to guide these recommendations. Our studies aim to 

understand GB use, and reduce the prevalence and severity of falls. Accordingly, we are 

evaluating: (1) GB heights and orientations to determine safest placement for entry/exit 

transfers, (2) Whether bath seats can be used independently or must be used in combination 

with GB during sit-to-stand tasks, and (3) How temporary ridge-mounted GB clamps affect 

balance during bathtub entry/exit. 

 

METHODS: Healthy younger adults, and older adults with and without mobility impairments, 

will be recruited. Testing will take place in the Challenging Environments Assessment 

Laboratory at Toronto Rehabilitation Institute. Forces applied to the GB will determine GB role 

in task performance. Center of mass movement and margin of stability will be used as an 

indicator of balance. Physical task demands will be quantified using joint kinematics and 

kinetics. 

 

RESULTS: Based on current findings participants employ different strategies depending on GB 

orientation: failure-to-grasp or delayed grasping of the GB, grasping with both hands, and 

continuous GB use. Further analysis will provide more clarity on optimal placement and use of 

GB for balance and fall prevention. 

 

DISCUSSION: This work supports safer environmental design and reduces falls by informing 

building codes and providing clinicians with an evidence base for GB recommendations. 
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Pattern of Rollator Use in the Elderly

Ivan Solano, Karen Van Ooteghem, Jagadish Rangrej, William McIlroy
1Toronto Rehabilitation Institute – University Health Network, 2 Rehabilitation Science Institute, University of Toronto, Heart and Stroke Foundation Centre for Stroke Recovery, Sunnybrook 

Research Institute; Department of Kinesiology, University of Waterloo 

Introduction

The 4-wheeled walker or rollator has become an 

increasingly common aid among older adults1 and there 

is relatively little known on factors associated with use 

and reliance on such aids2. 

Objective

To describe the nature of aid use among elderly 

assistive device (AD) users living in retirement care in 

different settings.

Methods Results

Discussion

Reliance on the rollator is strongly determined by 

balance confidence , 6MW distance and cadence, and 

AP COP with eyes closed. Table 3 indicates that with 

every 1-point increase in the elderly’s balance 

confidence rating, there is a 44% decrease in odds of 

using the device in all settings vs long walks only.  As 

well, with every mm increase in AP COP displacement, 

reliance on the rollator increase by 54%.   For the 

6MWD, every 1-unit increase (steps/min) in cadence 

and each meter increase in distance walked, decreases 

reliance on the rollator by 7% and 1%, respectively. 

For clinicians and AD providers, these findings could 

provide insight into those who are likely to depend more 

on the rollators in varied settings.

References

1. Brandt, A., et al., Disabil Rehabil. 25: 343–35, 2003.

2. Liu, H., Geriatr Gerontol Int 9:124-30, 2009.

Questions? 

Contact:ivan.solano@uhn.ca

Results

Table 1. Frequency (and percentage) of self-reported use of assistive 

devices in different settings among those reporting aid use (n=71). 

Indoors Outdoors

Room Short Hall Long Hall

Within Residence

Outside Residence

Logistic regression analysis to explore association of pattern 

of rollator use with AD user characteristics.

Retrospective review of 131 residents in an assisted living 

facility in Ontario

 
Setting, n (%)   

AD Used 

Rollator Others None 

Room, 43 (60.57) 35 (49.30)   8 (11.27) 28 (39.44) 

Short Hall, 53 (74.64) 43 (60.56) 10 (14.08) 18 (25.35) 

Long Hall, 68 (95.78) 65 (91.55) 3 (4.23) 4 (4.23) 

Out/In, 71 (100) 68 (95.77) 3 (4.23) 0 (0) 

Out/Out, 71 (100) 68 (95.77) 3 (4.23) 0 (0) 

Table 2. . Frequency (and percentage), n(%), of those who used AD in all 

settings contrasted to selective AD use in some settings among those 

reporting aid use (n=71). 

Table 3. Odds Ratio and p-value of AD Users who used rollator in all 

settings

Reliance on Rollators Odds Ratio 95% Confidence Interval p 

Long Walks Only (n=24) Reference category 

All Settings (n=29)     

6MW Distance  0.99  0.981 0.998 0.01 

6MW Cadence 0.93 0.88 0.99 0.02 

AP RMS EC 1.54 1.09 2.07 0.01 

Balance Confidence 0.56 0.38 0.81 0.003 

 

 All Settings, 32 (45.07) 
Some Settings,  

39 (54.93) 
Rollator Only Rollator and other ADs 

18 (56.25) 14 (43.75) 

Toronto Rehab’s TD Graduate Scholarship 
for People with Disabilities 

Collected data on: 

1. Pattern of AD Use 

2. Demographics, comorbidities and fall history 

3. Balance confidence and fear of falling 

4. Gait (6-minute walk (6MW) distance, cadence, step time 

and step time variability) 

5. Balance (Anteroposterior (AP) & mediolateral (ML) Center 

of Pressure (COP) with eyes open (EO) and closed (EC) 

conditions)

6. Strength (Five-time-sit-to-stand and right hand grip)

Identified participants who used rollators (AD use) (n=71, 

54 females and 17 males)

mailto:ivan.solano@uhn.ca
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Structuring a Dance Program for People with Stroke

Sarah Gregor1,2, Aaron Wallace1, Hilary Walsh3, Julie Vaughan-Graham1,4, Kara K Patterson1,4

1Toronto Rehabilitation Institute – University Health Network, 2Rehabilitation Sciences Institute, University of Toronto, 3Department of Occupational Sciences & Occupational Therapy, University 

of Toronto, 4Department of Physical Therapy, University of Toronto 

Introduction

• Community integration levels are low among 

stroke survivors compared to healthy older adults1

• There is a link between community integration 

and multiple components of  health2

• Dance programs are beneficial in improving 

stroke survivors physical function, while also 

promoting meaningful social relationships within 

the community3

• Despite the benefits of dance for people with 

stroke, it is unknown which features of a dance 

program are critical for success 

Figure 1: A visual representation of the primary themes (gold) and their

relationship (direction of arrows) to each other and their respective categories

(red). These categories include several sub-categories (light blue) which

describe how they are defined. 1. Mayo, NE, et al., Arch Phys Med Rehabil, 83(3), 1035-42, 2002. 

2. Chau, JPC, et al., BMC Neurol, 9, 49, 2009.

3. Patterson, KK, et al., Top Stroke Rehabil, 10, 1-7, 2018.

Questions? Contact: 

sarah.gregor@mail.utoronto.ca

Gather stakeholders’ perspectives on structuring 

a dance class for individuals with chronic stroke, 

which is sustainable and facilitates physical, 

cognitive, and psychosocial improvements.

Purpose

Methods

Study Design: Qualitative approach utilizing focus 

group methods

Participants:

Data Collection: 6 focus groups, flexible interview 

guide 

Data Analysis: DEPICT model of collaborative 

qualitative analysis

Recommendations  Results

References

• A dance instructor (DI) who is encouraging, 

adaptive, and mindful in the way they conduct 

their class is the most important factor for a 

successful dance class

• DI should first focus on ensuring physical safety 

in the class. This often translates to emotional 

safety (improved relationships between dancers, 

and dancers being more accepting of their 

changed bodies)

• DI need to choose movements that specifically 

align with the goals of the program, such as 

movements in standing to improve balance

• Music preferences and opportunities for 

improvisation/self-expression should be included

• Modifications to movements can provide 

opportunities for each dancer to move based on 

their own abilities

• The general structure of the class should be 

predictable with elements of variability that 

enable progression and keep dancers motivated

• Dance programs should be 2x/week for three 

months, lasting 1-2 hours in length, with 

opportunities for dancers to remain engaged with 

dance upon the completion of the program

9

8

6 Stroke Survivors

Dance Instructors

Neurological Physical
Therapists

mailto:sarah.regor@mail.utoronto.ca
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Making SCI Rehab Smarter: A Novel Approach Using a Virtual   

Integration Platform (VIP4SCI) to Collect Community Health Data

Chip Rowan1, Matheus Wiest1, Stuart Howe3, Courtney Cole4, Mark Bayley1,2, Cathy Craven1,2 

1Toronto Rehabilitation Institute – University Health Network, 2 University of Toronto, Faculty of Medicine, 3Spinal Cord Injury Ontario, 4For a Healthy Me

Rationale

• Toronto Rehab is a provincially funded entity that 

provides exemplary care to patients across the 

province. At Lyndhurst, there are over 20,000 

outpatient visits per year, 88% of which are provided 

to patients outside of the Toronto Central LHIN

• Beyond discharge, there is a paucity of data and 

significant barriers related to the collection of care 

indicators among individuals living outside the GTA1,2. 

Novel strategies are required to enhance monitoring 

beyond the hospital walls

• VIP4SCI is an online platform developed with Spinal 

Cord Injury Ontario (SCIO) to enhance accessibility to 

health services and peer support through video 

conferencing and other tech-enabled tools

• There is an opportunity to utilize VIP4SCI as an 

integral part of the Spinal Cord Rehab Program’s 

strategy for community follow-up and health 

surveillance

Objectives

This project aims to ultimately enhance the quality of 

care provided by UHN through: 

1. Integrating the VIP4SCI platform with the SCI-

HIGH project to collect health indicator data

2. Establishing linkage between community data and 

the National Rehab Reporting System and Rick 

Hansen SCI Registry

3. Describing how linked data can influence/ 

enhance health service delivery at UHN and 

across Ontario

Project Framework Project Evaluation

Health System 

Evaluation

Discussion

Through the VIP4SCI platform, this project has the 

potential to profoundly impact the health, wellbeing, and 

function of those living with SCI in Ontario through 

learning health services and the provision of enhanced 

rehab care

References

1. Noreau et al. 2014. Top Spinal Cord Inj Rehabil. 20 (4)

2. Rick Hansen Institute. 2018. Report: SCI Community Servey

(http://rickhanseninstitute.org/community-survey)

Questions? Contact: Chip Rowan chip.rowan@uhn.ca

https://vip4sci.forahealthyme.com/

Figure 1: Screenshot + network pictorial of VIP4SCI integrated into the 

overall systematic approach to health data collection starting with 

inpatient stays and reaching beyond discharge into the community

Data Lake

(UHN)

NRS

(Inpatient)

RHSCIR

(Inpatient)

VIP4SCI

(Outpatient)

Health care 

providers

• Link community with 

inpatient UHN SCI 

indicator data to extend 

health monitoring 

timeframe (18months 

post-SCI)

• Prospectively determine if 

the distribution of patient-

specific indicator data 

influences health and 

community rehabilitation 

service delivery

• Determine if VIP4SCI is 

a feasible means of 

collecting longitudinal 

indicator data in the 

community

• Examine technical 

failures, usability, 

completion rates, quality 

of data and integration of 

care services

• Evaluate the data 

quality, reliability of 

patient identification and 

timely linkage of 

indicator data

• Measure the usability 

and acceptability of 

automatically generated 

reports by care 

providers and by 

changes in care 

experienced by patients

PATIENT

Software

Evaluation

My Messages My Calendar My Virtual Calls

My Medications My Messages My Journal

My Goals

Educational 

Resources

Welcome to your Dashboard!

Your dashboard helps you engage with your support team and health care 

provider. 

From your dashboard you can;

• Use messaging tools to communicate with your regional service and 

peer support coordinators

• Use video conferencing tools to engage with your RSC and health teams

• Keep a journal of notes and important reminders for your medical visit

• Track all medications and generate reports for your health provider

• Set and track progress on your goals

• Access educational content on topics like pressure ulcers

mailto:chip.rowan@uhn.ca
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The Ankle and Hip Joint Control during Quiet Standing for Individuals 

with Incomplete Spinal Cord Injury
Lee, Jae W.1, Yoo Jaeeun1, Chan Katherine2, Unger Janelle2, Musselman Kristin2,3, Masani Kei1,3

1 Institute for Biomaterials and Biomedical Engineering | University of Toronto 2 Department of Physical Therapy | University of Toronto 3 Toronto Rehabilitation Institute - Lyndhurst Centre | 

University Health Network

Objectives

To investigate the differences in the lower- and upper-

body control between able-bodied (AB) participants and those 

with incomplete spinal cord injury (iSCI)

Introduction

• Individuals with iSCI experience compromised balancing 

abilities, often leading to falls [1].

• Assuming hip strategy, AB individuals show anti-phase 

relationship between the ankle and hip joint acceleration, 

reducing the body acceleration [2].

• Elderly shows deterioration in such coordination, which partially 

accounts for the reduced postural stability [3].

• As individuals with iSCI have limited ankle joint control, we 

hypothesize that the postural coordination for those with iSCI

cf. AB participants, reducing postural stability in iSCI.

Discussion

Individuals with iSCI have compromised standing abilities which is

caused by the reduced ankle control even though the ankle and the hip

joint coordination was equivalent across groups. Therefore, improving

ankle control would be critical in improving the overall standing balance.

Contact: jaw.lee@mail.utoronto.ca

References

[1] Brotherton et al. 2007 Spinal Cord. 

[2] Aramaki et al. 2001 Exp Brain Res. 

[3] Kato et al. 2014 Gait and Posture. 

Methods

Results

Subjects: 

• 10 young AB individuals (Y-Group; Age=25.4±5.4yr; 6M/4F);

• 9 age- and sex-matched AB participants (M-Group; 

Age=61.2±11.2yr; 3M/6F); 

• 11 individuals with iSCI (S-Group; Age=61.6±14.9yr; 3M/8F; 

Time-since injury: 7.8±10.9yr; AIS: C or D)

Task:

• Quiet standing for 150 seconds with eyes open and closed

Measurement:

• Body centre-of-mass (COM) and joint angular motion using 

motion capture

• Centre-of-pressure (COP) using force platform

• Joint torque from motion capture and force platform

Individuals with iSCI display compromised 

postural control

** p<0.05

** p<0.01

Individuals with iSCI show significantly greater COP 

velocity and COM acceleration RMS with eyes open 

and eyes closed

Ankle joint control is compromised for those 

with iSCI
2

Individuals with iSCI displayed significantly larger ankle 

angular acceleration RMS, indicating reduced ankle 

control. 

Joint coordination is maintained among 

participant groups
3

1

Cancellation Index UCM Ratio

CI and UCM ratio were not different among different 

groups, indicating that the joints accelerate in a 

coordinated behaviour
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The differences between desired and measured joint 

and body accelerations were significantly larger for 

those with iSCI

** p<0.01

Individuals with iSCI do not generate adequate 

joint accelerations needed to reduce the body 

sway
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• FES on shank muscles can improve standing balance in 

individuals with spinal cord injury [1].

• Soleus (SOL) and medial gastrocnemius (MG) in the plantar 

flexors show quite different muscle activation patterns.

• The CNS determines muscle activation based in cosine 

tuning manner, yielding that each muscle has a preferred 

direction (PD) [2]. This may explain the different activation 

between SOL and MG [3].

Predicting EMG activity from joint torque

• 𝐸𝑀𝐺 = 𝑐1𝑇𝐴 + 𝑐2𝑇𝐾, 𝑃𝐷 = tan−1
𝑐2

𝑐1

• c1 and c2 found using multiple linear regression

Determining Muscle Activation Based on Joint Torque

Kai Lon Fok1, Daichi Nozaki2, Kei Masani1,3

1Institute of Biomaterials and Biomedical Engineering, University of Toronto 2Division of Physical and Health Education, Graduate School of Education, The University of Tokyo
3Toronto Rehabilitation Institute – University Health Network

Purpose

To investigate how the CNS determines muscle activation for 

shank muscles during quiet standing for use in a functional 

electrical stimulation (FES) controller

References
1. Vette, K, et al., IEEE TNSRE, 15(2), 235-243, 2007.

2. Georgopoulos, A, et al., J. Neurosci 2(11), 1527-1537, 1982.

3. Nozaki, D, et al. Society for Neuroscience 306.5, 2004.

How accurate are the predictions?

Motion & Adaptation Science Laboratory

Institute of Biomaterials and Biomedical Engineering | University of Toronto

Toronto Rehabilitation Institute | University Health Network

Contact: k.masani@utoronto.ca

www.toronto-fes.ca

• In a two-joint action, the end-point force direction is determined 

by the two joint torques.

• Each muscle activation depends on the force direction and is 

determined by the two joint torques, which makes a plane in the 

3D plot defining each’s PD [3].

Results

Methods

Subjects: 9 healthy adult males; 20.7 ± 3.4 yrs

Task: Stand for 130 seconds with eyes open

Measurements: 3D body kinematics, force plate measures, muscle 

activations from MG: medial gastrocnemius, SOL: soleus

Conclusion

• Unique muscle activation patterns of SOL and MG can be 

explained by cosine tuning.

• The CNS determines the muscle activation patterns based on 

the end point force direction

• These unique activation patterns can be programmed and 

used for FES therapies

Background

Support by:
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What does the prediction tell us?

• In a single joint 

action, the motor 

cortex neuron firing 

rate is determined 

based on a cosine 

tuning curve [2].
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Comparing Discomfort and Preference Between Two Functional 

Electrical  Stimulators
Martha G. Garcia-Garcia1,2, Lazar Jovanovic1,2, Austin J. Bergquist2, Milos R. Popovic1,2

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto

Introduction

 Functional electrical stimulation (FES) therapy is used 

to assist in the recovery of voluntary grasping and 

reaching function for people who experience a stroke 

or spinal cord injury.

 Discomfort caused by FES may cause participant 

withdrawal from therapy. 

 A novel stimulator, called MyndMoveTM, can generate 

contractions with less stimulation, reducing discomfort 

associated with FES therapy.

Objectives

 The objective is to compare discomfort and 

preference between two stimulators: MyndMove and 

Compex Motion in biceps brachii (Fig. 1).

Methods

Figure 2. MyndMove and Compex stimulation trains matched to generate 0.75 

of MTC (right). MyndMove and Compex biphasic stimulation pulses (left).

Results

 12 able-bodied subjects participated in the study.

 A significant difference in discomfort was perceived 

at higher stimulation intensities (Fig. 4; MTC x0.75, 

p=0.012).

 Reduction in discomfort is, in theory, due to faster pulse 

rise-time and lower steady-state current (Figs. 2 & 3).

MTC % preferred 

MyndMove

x0.75 79.3% (23/29)

x0.50 60.1% (20/33)

x0.25 71.9% (23/32)

Discussion

 Reduction in discomfort is perceived at higher 

stimulation intensities.

 Reducing discomfort during FES therapy may 

facilitate generation of stronger, more clinically viable 

contractions, and make FES therapy more accessible 

for people with lower tolerance to FES. 

Contact: 

martha.garcia@mail.utoronto.ca

 Measured isometric torque (Nm) about the elbow 

joint using a BiodexTM dynamometer.

 Adhesive gel electrodes were used to deliver FES. 

The active electrode was placed above to the motor 

point (Fig. 1). A switch box was used to ensure the 

stimulation location was consistent between 

stimulators. 

Figure 1: Compex Motion (left), biceps brachii (middle) and MyndMove (right)
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 Perceived discomfort (relative to MTC) and 

preference were assessed across 3 stimulation 

intensities (x0.75, x0.50 and 0.25 of MTC). Each 

stimulator was programmed to match contraction 

torques of equivalent amplitude (Fig. 2).

 The maximum tolerated contraction (MTC) was 

determined by increasing the stimulation gradually 

until the subject reached 100 in a pain numeric rating 

scale (NRS-101).
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Figure 3. Pulse rise time Table 1. MyndMove preference
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Validating National Priorities to Inform Ontario Provincial Deployment of  

SCI Rehab Indicators: SCI-High Stakeholder Consultation Report 
Matheus Wiest1, Mohammad Alavinia1, Farnoosh Farahani1, Heather Flett1, Sander Hitzig2,3, Mark Bayley1,3, Cathy Craven1,3

1Toronto Rehabilitation Institute – University Health Network; 2St. John's Rehab Research Program at the Sunnybrook Research Institute; 3University of Toronto

Introduction

The SCI-High project (Spinal Cord Injury - SCI –

Rehabilitation Care High Performance Indica-

tors) aims to advance SCI rehab through the

development and implementation of structure,

process and outcome indicators for 11 domains

of rehab care by 2020.

Following a two-year process to develop 33

indicators of rehab care, the project team con-

sulted with stakeholders and administrators

across the country regarding: 1) indicator ecolo-

gical validity; and 2) the priority for indicator

domain deployment.

Objective

To describe the outcome of a national stakehol-

der consultation regarding the importance and

urgency of rehab care domains implementation.

Methods

Participants: 31 administrators, leaders and cli-

nicians from 15 SCI rehab centres, NGO’s,

Accreditation Canada/HSO and five consumers.

Intervention: to report the importance (alignment

with consumer/organizational priorities) and ur-

gency (implementation priority) of each domain

using an audience response system.

Analysis: results are articulated as percentage

of valid responses (Fig. 1). Importance and ur-

gency scores were added to rank the domains

(Fig. 2).

Results

matheu.wiest@uhn.ca

www.sci-high.ca

@SCIHighProject

Conclusions

Urinary Tract Health and Skin Integrity were ranked as the most important and urgent for implementation. These rankings are

consistent with local UHN targets for prevention of hospital acquired conditions: urinary tract infections and prevention of

tissue injury. The priorities for Ontario indicator deployment [SCI-High Phase II (2019-2021)] were derived from these results

and will include Urinary Tract Health, Skin Integrity, Emotional Well-Being, Sexual Health, Walking and Wheeled Mobility.

Stakeholder adherence to indicator implementation and reporting is anticipated based on the ecological validity of the planned

changes in practice and their involvement in validation process.

Urinary 

Tract Health

IMPORTANCE URGENCY

0 50 100 150 200 250 300

Employment

Cardiovascular Health

Self-Management

Reaching Grasping &…

Wheeled Mobility

Walking

Bladder Health

Community Participation

Sexual Health

Emotional Well-Being

Skin Integrity

Urinary Tract Health

Employment

Full report here!

Figure 2. Domain ranking. Gold filled bars represent the domains that will be

prioritized for implementation during the SCI-High Phase II.

Figure 1. Percentage of valid responses regarding Importance and Urgency of implementation

for 2/11 domains (Urinary Tract Health and Employment). Dark tones of green represent high

importance/urgency. Dark tones of red represent low importance/urgency.
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The co-design process was divided into several stages. First, the 

OARPG members met virtually in four cities during a National OARPG 

meeting. We used videoconferencing to introduce the task and 

discuss the process (Figure 1).

Participants in each city worked off camera with an activity guide; the 

development process was not pre-defined. Groups in each city took a 

different approach, e.g. working on a laptop, chart paper (Figure 2 A-

B). After the meeting, each older adult co-author worked with a 

researcher individually to graphically convey the intended messages. 

Finally, several versions of the messages were developed with direct 

feedback of the older adults (Figure 2 C-D) until the final messages 

were created (see Results).

Co-Creating Engagement Practices with Older Adults: OA-INVOLVE
Romeo Colobong1, Jennifer Diep2, Janet Fowler3, Ian Goldman3, Bessie Harris3, Trudie Helmke3, Winnie Houston3, 

Susan Kirkland4, Pia Kontos1, Carole Lidstone3, Kieran O’Doherty5, Izabela Panek4, Judith Sixsmith2, 

Oriana Vaccarino5, Sue Woods3

1Toronto Rehabilitation Institute – University Health Network, 2Simon Fraser University, 3Older Adult Research Partner Group, 4Dalhousie University, 5University of Guelph

Introduction

OA-INVOLVE is a project in which a team of academic researchers and Older Adult Research 

Partner Group (OARPG) members aim to understand and support the process of active 

engagement of older adults in technology research and development (TR&D) projects. 

Involvement of older adults in TR&D projects is key to the successful uptake of technologies 

that aim to benefit older adults (e.g. maintaining independence, health, quality of life).

This poster showcases key messages about OARPG members’ experiences of being 

engaged in research projects and investigating older adults’ engagement practices. Using 

participatory methods, this poster was co-designed with seven OARPG members and the 

academic researchers. 

Results

Key Messages

Need for real, clear, two-way 

communication

“Team-Togetherness”

Mutual respect 

Make allowances for possible 

limitations but don’t make 

assumptions about older adults 

Knowing my input matters -

Give clear evidence of their 

impact · “For us, with us”

Older adults must be interested 

in the research topic 

Strong facilitation skills are 

required from the researchers -

Can’t be top down but a real 

partnership

Contact: 

romeo.colobong@uhn.ca 

Figure 1: Introduction 

to activity – National 

OARPG video-

conference meeting

@OA_INVOLVE

Figure 2: Working on activity - Local OARPG meetings (A-B) and results of individual follow-up meetings (C-D)

www.oa-involve-agewell.ca

A B

C D

Process
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Zero-effort Technology for Cardiac Vitals Monitoring Based on BCG 

Acquisition from a Seat Cushion

Ahmed Raza Malik1, Laurel Pilon1, Jennifer Boger1,2

Intelligent Technologies for Wellness and Independent Living (ITWIL) Lab – Department of Systems Design Engineering, University of Waterloo1. Research Institute for Aging2

Introduction

For many individuals with cardiac conditions, long term

monitoring of heart vitals is an essential part of

continued care. Current monitoring technologies (such

as wearables) are obtrusive. There is a need for an

ambient zero-effort technology that can be easily

integrated into a person’s home. Building on previous

work by Chang et al.1, we are creating a system that is

portable.

A ballistocardiogram (BCG) is a measurement of the

recoil forces of the body in response to blood flow at

every heartbeat (Figure 1). These impulses are

generated in order to maintain the overall momentum in

accordance with Newton’s Third Law2.

Objectives

The objective of this research is to develop an effective,

portable, zero-effort system in the form of a seat

cushion for monitoring cardiac vitals through the

measurement of BCG signals. This involves selecting

appropriate transducers for obtaining these signals,

conditioning the obtained signals to enhance useful

information, and post-processing to extract vitals such

as heart rate.

Methods Results 

Figure 5 shows the waveform of a BCG signal acquired

with the prototype placed on a chair. The BCG J-peaks3

can be clearly observed in the waveform.

Discussion

The prototype can acquire a person’s BCG signals

using load-cells as the transducers and an appropriate

signal conditioning circuit. Next steps include improving

the sensor’s performance, and developing new post

processing techniques to extract more cardiac vitals.

References

1. I. S. J. Chang, et al. "Design and Evaluation of an Instrumented Floor 

Tile for Assessment of Older Adults’ Cardiac Function at Home," 

Gerontechnology, vol. 17, no. 2, pp. 77-89, 2018

2. Inan, O, et al., BCG & SCG: A review of recent advances. IEEE Journal 

of Biomedical & Health Informatics, 19(4), 1414-1427, 2015.

3. Starr, I, et al., The BCG, American J of Physiology, 127(1), 1939.

Figure 1: Blood ejection 

by the left ventricle 

(upward) leads to a 

downward body 

movement. Blood 

projection through the 

descending aorta 

(downward) leads to an 

upward body movement

Figure 4: The BCG signal conditioning circuit amplifies and filters the signal from 

the load cells. Gain = 25000. Filter: 2nd order, fpb = 0.15 - 20Hz

Figure 2: Four load cells mounted on a

plate are connected in a wheat-stone

bridge layout.

Figure 3: BCG signal is acquired with 

the person sitting on the cushion

Body 

impulses 

signal from 

load cells
(Figure 2)

Signal 

Amplification 

and filtering
(Figure 4)

BCG Signal3

Post-

processing 

to calculate 

vitals

Figure 5: A BCG signal for a healthy subject. The J-peaks are marked with 

circles. Signal sampled at 500 Hz.

For more information, contact Ahmed at ahmed.r.malik@uwaterloo.ca
#ITWIL_lab
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CARE-RATE: Incorporating Trust into Interface Design for Caregivers

Amir Mehdi Shamsi1, Thana Hussein1, Frank Rudzicz2,3, Jennifer Boger1,4

1Department of Systems Design Engineering, University of Waterloo; 2Department of Computer Science, University of Toronto; 3University Health Network; 4Research Institute for Aging

Introduction

Objectives

 Overall goal: To create CARE-RATE; an online web-

search tool that uses artificial intelligence to support

caregivers of older adults with dementia in searching

for information that fits their individualized needs.

 To provide caregivers with more relevant results by

asking them clarification questions about their query

through using natural language processing.

 To identify what and how design elements of a search

engine result page (SERP) impact trust for family

caregivers of people living with dementia.

Methods Results 

Future works

 20 caregivers of people with dementia will be asked

to complete a set of search-based tasks through

CARE-RATE and Google to identify cues that

impacted their decision to select a source.

 Importance of cues will be rated on a 5-point Likert

scale and combined with open-ended feedback.

References 

1. Kim, H, et al., Journal of Medical Systems, 41(4), 2017.

2. Sillence, E, et al., J IJHCS, 64(8), 697-713, 2006. 

Questions? Contact: amshamsi@uwaterloo.ca

http://www.itwil.ca

 Using conventional formal services and resources can

be difficult for caregivers due to time and financial

constraints.

 Family caregivers commonly use the internet to seek

information regarding dementia and how to effectively

care for loved ones1.

Systematic 
Evaluation

Integration of 
Information; 

Consultation & 
Self-disclosure

Heuristics 
Analysis

Website Staged 

Model of Trust2

 Visual Appeal

 Layout/Navigation

 Social Identity Cues

 Brand

 Advert

 Language Style

 Site Motivations

 Content Level

 Source Knowledge

 Cross Referencing

 Personalized Content

 Interactivity

 Updated Content

 User-generated Content

This research is funded by an AGE-WELL grant.

 The CARE-RATE interface is 

being built through several 

iterative stages of participatory 

design.

 Three potential designs were 

evaluated with one-on-one 

interviews with advisory 

committee.

Figure 3: CARE-RATE interface design. (a) Search Engine Result Page: 

displays author of information , (b) Home Page with trustworthiness features

(a)

(b)

Trust Study

Figure 1: The framework used for this study to evaluate distinct cognitive 

processes to form an assessment of trust for a website

The problem: An

overwhelming amount of

information is available

online, but challenges

exist with accessing,

using and trusting it.

Trustworthiness features: 

 Reputable author

 Ability to contact

 Acceptance by other 

caregivers

 Information 

transparency

 Security

Figure 2: Rate result page 

@TRI_UHN
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Using Wrist Temperature to Monitor Circadian Rhythm and Sleep

Jing Wei1, Jennifer Boger1,2

1 Systems Design Engineering, University of Waterloo, Waterloo, ON;  2 Research Institute for Aging, Waterloo, ON

Introduction

Objectives

 Investigate how aging and dementia influence sleep

patterns and wrist temperature rhythms.

 Build the foundation for new sleep monitoring

systems that use personalized biological rhythms

to analysis of sleep health.

 Good sleep helps people restore energy and work 

efficiently.[1]

 Sleep is significantly influenced by our internal circadian 

rhythm (Figure 1).

 Wrist temperature is indicative of internal biological 

rhythms and external sleep patterns.[2]

Methods

 Data Collection

 Data Analysis

References

1. Mignot, E. (2008). Why we sleep: the temporal organization of 

recovery. PLoS biology, 6(4), e106

2. Jing, W., Jennifer, B., & Jin, Z. (2018). What Wrist Temperature Tells 

Us When We Sleep Late: A New Perspective of Sleep Health. In 2017 

IEEE Ubiquitous Intelligence & Computing (UIC).

Figure 2: A typical wrist temperature rhythm over 24 h of a younger adult

Wrist Temperature & Sleep & Circadian

 As seen in Figure 2, the sleep period is marked by

higher, stable wrist temperatures while the awake

period is marked by lower, variable temperatures.

Figure 3: Wrist temperature patterns of a participant over 3 days.  The 

sleep periods are marked red. The sleep onset is (top) 22:30 PM, (middle) 

0:30 AM and (bottom) 1:30 AM; the delay causes dips in the increasing 

temperature (marked by arrows).

Figure 1: Sleep and circadian rhythms

uwaterloo.ca/itwil

Sleep Onset Sleep Offset Nap

• Will Collect sleep patterns, wrist temperature

rhythms and actigraphy of three populations (10

younger adults, 10 older adults and 10 older adults

with MCI) from a customized wristband shown in

Figure 4.

• Will collect sleep patterns captured by a commercial 

wristband (Mi Band2) for comparison.

• Sleep journals (Mobile App or Paper-based journal)

Figure 4: Accelerometer and temperature sensor (left), Mi Band 2 (right)

For more information email: 

jing.wei@uwaterloo.ca

• Sleep onset and offset estimation based on wrist

temperature rhythms and actigraphy.

• Sleep parameters and circadian phase markers

comparison between three populations.

• Sleep quality predictions based on sleep journal

using machine learning methods.

 Circadian rhythms cause wrist temperature to start

rising at the same time everyday. Sleep delay (seen

in Figure 3) and sleep disruptions are reflected in

wrist temperature.



Determining Needs for Technology for Supporting People Living with 

Early-Onset Dementia at Work through UX Design 
Karan Shastri 1, Jennifer Boger 1,2, Arlene Astell 3,4, Ann-Charlotte Nedlund 5, Katja Karjalainen 6, Anna Maki-Petaja-

Leinonen 6, & Louise Nygard 7

1University of Waterloo, Canada; 2Research Institute for Aging, Canada; 3Ontario Shores Centre for Mental Health Sciences, Canada; 4University of Toronto, Canada; 5Linköping University,      

Sweden; 6University of Eastern Finland, Finland; 7Karolinska Institutet, Sweden

Introduction

• Dementia is an umbrella term that encompasses a 

range of neurological disorders characterized by 

memory loss and cognitive impairment. Dementia is 

usually diagnosed in later life but can occur in 

younger people. 

• Changes in cognition caused by dementia can 

profoundly impact workplace performance and role 

in the workplace; however, there have been very few 

tools created for specifically supporting people living 

with early-onset dementia (aged less than 65 years) 

in the workplace context.

• This project, named MCI@Work, is a 

multidisciplinary, international project – involving 

researchers from Canada (Engineering, 

Psychology), Sweden (Occupational therapy, social 

and political science), and Finland (Elder and Labor 

Law).

Objectives

Methods 

Focus Groups:

• Two focus groups; one for employees living with 

dementia, and second for employers/co-workers.

• Semi-structured interviews – qualitative data.

• Focus groups will be audio and video recorded.

Focus 
Groups 

Prototype 
Development 

Case-
Studies

Co-creation

Upcoming Work

• Prototype Development: Sequence analysis and 

cultural modelling will be used to support contextual 

design by creating qualitative frameworks that will 

inform prototype design decisions.

• Design sessions with people with dementia and 

employers will be used to translate paper-based 

wireframes to low to mid level fidelity prototypes for 

the digital tool.

• All features and functionalities iteratively created 

with persons living with dementia and their 

employers/co-workers. 

• Case Studies: Longitudinal (2 years) one-on-one 

interviews with persons with dementia along with 

ethnographic observations at their workplace. 

Discussion

• First known study that will explore the role of 

technology and early-onset dementia in the 

workplace.

• The study considers the perspectives of multiple 

stakeholders (persons living with early-onset 

dementia, care-partners, and employers/co-workers) 

in multiple countries (Canada, Sweden, and 

Finland).

• Resulting digital tool is expected to support the 

varied and dynamic needs of both employees and 

employers

www.itwil.ca www.mciatwork.org

Questions? 

Contact:kshastri@uwaterloo.ca
This research is supported by CIHR-JPI 

MYBL funding

#MCI_work

@TRI_UHN

Engineering

Elder and 

Labor Law
Occupational 

Therapy 

Social and 

Political Science
Psychology

Leverage user-centered design principles to:

• Extract the unmet needs of people working with 

dementia, how they change over time and what 

digital tool could meet those needs.

• To understand what features and functions 

persons living with dementia and their employers 

would want in a digital tool.

• To co-create an interface prototype for the digital 

tool using human factors methods.

MCI@

Work

http://www.itwil.ca/
http://www.mciatwork.org/
mailto:kshastri@uwaterloo.ca
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Detecting Behavioural and Psychological Symptoms of Dementia Using Multimodal Sensors: 

Phase 3 – Knowledge Dissemination and Mobilization – Promoting Awareness of BPSD Among 

Sexes Developed from Phases 1 and 2 
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THEME: Enable Independence 

TITLE: Embody – Experience Dementia through New Media 
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and Bing Ye2. 

AUTHOR AFFILIATIONS: 1Ryerson University; 2Toronto Rehabilitation Institute 

INTERACTIVE DISPLAY CONTENTS: two photographs, two data visualization pieces, and 

virtual reality goggles with two 360-degree videos (see abstract for more information) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

TITLE: Embody – Experience Dementia through New Media 

INTRODUCTION: Caring for an aging population is a challenging issue that is further complicated 

by chronic conditions like dementia. Behavioural and psychological symptoms of dementia (BPSD), 

especially agitation, can cause suffering for people with dementia. Phase 1 of this research study 

developed a predictive system that can detect agitation in dementia while Phase 2 validated this 

system. In phase 3, previous findings are interpreted and disseminated using an arts-based 

knowledge translation (ABKT) approach. This approach involves implementing an exhibit titled 

EMBODY – Experience Dementia through new Media that utilizes multiple art and digital media 

forms including photographs, paintings, written word, data visualizations, virtual and augmented 

reality. The purpose of this project is to assess the effectiveness of this ABKT approach. Overall, this 

research study will help raise awareness to the experiences of, and contribute to improved quality of 

life for, people living with dementia 

METHODS: The research team categorized data and conceptualized artwork and narratives based 

on data in phases 1 and 2, and worked closely with artists and media producers in the creation of 

each exhibit piece. The exhibit is being held at Toronto Rehab’s Innovation Gallery, which is open to 

the public. The study is employing a variety of methods to evaluate the efficacy of art and new media 

pieces in translating and transferring dementia knowledge to lay audiences. Data will be analyzed 

qualitatively by employing interviews and focus groups, as well as quantitatively by employing 

surveys and comment cards. 

 

 

*Please note that the study is currently underway, and thus we are unable to comment on any results 

or conclusions at this time. 
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Examining Referral Pathways to Exercise Programs for Older Adults
A Research Protocol  

Kyla Alsbury1, Susan B. Jaglal1-3, Nancy M. Salbach1-3

1 Rehabilitation Sciences  Institute, University of Toronto, 2 Department of Physical Therapy, University of Toronto, 3 Toronto Rehabilitation Institute-University Health Network

Introduction

• 20.6% of Canadians ≥ 65 years old experience 

difficulty walking1 and up to 75% of adults ≥ 70 years 

old experience balance issues2

• Mobility and balance limitations lead to reduced 

physical activity, functional independence, and 

developing frailty

• Community-based exercise programs (CBEPs) 

which incorporate healthcare-recreation partnerships 

can help people engage in safe and beneficial 

exercise to maintain and/or improve health

• Providers of CBEPs identify the implementation of 

referral pathways as a major limitation to enacting 

these programs3

• What are the factors which contribute to the 

development and maintenance of successful referral 

pathways for CBEPs with healthcare-recreation 

partnerships for older adults with balance and 

mobility limitations?

Objectives

Proposed Methods

1. Identify facilitators and barriers in developing 

successful referral pathways in urban and rural 

communities in Canada

2. Develop recommendations for establishing and 

sustaining referral pathways for older adults with 

mobility and balance limitations to CBEPs

• Mixed-methods approach informed by the Knowledge 

to Action framework

• Telephone survey of CBEP providers to characterize 

rates and sources of referrals

• Interviews with stakeholders guided by the 

Consolidated Framework for Implementation Research 

• Synthesize recommendations in collaboration with a 

multi-disciplinary advisory group of stakeholders

References

1. Bizier et al. Stat Can. [5 July 2016; accessed 23 Sept 2018]. 

<https://www150.statcan.gc.ca/n1/pub/89-654-x2016005-eng.htm>

2. Dillon et al. NCHS Data Brief. 2010;31:1-8.

3. Salbach et al. BMC Res Notes. 2018;11(214):1-9.

Significance of Project

• Improve understanding of successful referral 

pathways and provide recommendations to inform 

CBEP implementation and sustainability

• Improve access for older adults to CBEPs leading to 

better health outcomes, enable aging-in-place by 

increasing independence, and prevent frailty

Instructing a TIMETM class at Harbourfront Community 

Centre, Toronto. 

Howe, JA & Salbach, NM. Increasing Access To Exercise in 

the Community (presentation). Sept 2015. 

Questions/comments? 

Contact: kyla.alsbury@mail.utoronto.ca
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Effective and Efficient Hand Detection in Egocentric Videos

Ryan Visée1,2, Jirapat Likitlersuang1,2, José Zariffa1,2 

1Toronto Rehabilitation Institute – University Health Network, 2Institute of Biomaterials and Biomedical Engineering, University of Toronto 

Introduction 

• Individuals with spinal cord injury (SCI) report that 

they would feel a significant improvement in their 

quality of life if they were to regain upper limb 

function1

• Current upper limb assessments take place in the 

clinical setting and NOT in the patient's own 

environment

• Does not accurately portray the true impact of 

interventions used to improve hand function 

• Videos from wearable cameras (egocentric videos) 

can be used to monitor patient activity at home and 

analyzed using computer vision

• Automated analysis of these egocentric videos 

presents significant technical challenges

• Detecting hands, an important first step in further 

analysis, is difficult to do robustly and reliably

Objectives 

• Generate a fast and reliable algorithm for hand 

detection in egocentric videos via combination of 

detection and tracking algorithms (Fig. 1)

1. Egocentric hand detection dataset 

generated by manually labelling 167,622 

frames from videos collected in a home 

simulation laboratory from participants 

with SCI (Fig. 2)

Results

Figure 2: Examples of egocentric hand 

detection dataset.

References

1. K. D. Anderson , Journal of neurotrauma, vol. 21, pp. 1371-1383, 2004.

2. J. Redmon and A. Farhadi, CoRR, vol. abs/1612.08242, 2016.

3. R. Girshick, "Fast r-cnn," arXiv preprint arXiv:1504.08083, 2015. 

Questions? Contact: 

ryan.visee@mail.utoronto.ca

2. Evaluate existing detection and 

tracking algorithms (Tab. 1) using 

cross-validation on 3 groups of 

participants, with similar average upper 

limb motor strength

3. Combine existing algorithms:

Input Image
Use object detector to initialize 

Tracking failure or certain iterations 

Tracker success

Detection 

Algorithms

You Only Look 

Once v2 (YOLOv2)2

Fast Region-Based 

Convolutional 

Neural Networks  

(R-CNN) 3

Tracking Algorithms

Median Flow (MF)

Kernelized Correlation 

Filter (KCF)

Multiple Instance 

Learning (MIL)

Online Boosting (OLB)

Tracking-Learning-

Detection (TLD)
Table 1: Implemented algorithms.

Figure 3: Flowchart displaying the combination 

of an object detector with tracking algorithms.

Discussion & Future Work

• Combining hand detection and tracking algorithms can 

achieve accuracies close to that of detectors alone, while 

greatly improving speed

Detection Algorithms Alone

• YOLOv2 faster and more accurate than 

Fast R-CNN

• Neither perform in real-time (> 30 

frames per second (fps)) on CPU 

Detection Algorithm F1-Score

YOLOv2 0.90 ± 0.07

Fast R-CNN 0.72 ± 0.05

Table 2: Detection-only results on SCI dataset Figure 4: Results on combined algorithms for different number of reset steps.

Figure 1: a) Tracking-only results in poor hand tracking; b) Combining tracking 

algorithms with a detector increases performance while maintaining speed.

Manual initialization Tracking failure Inaccurate recovery: more errors

Automatic initialization Detector resets failure Accurate recovery: less errors

a)

b)

Algorithm FPS

MF + 

YOLOv2
208.9

KCF + 

YOLOv2
97.4

YOLOv2 47.3
Table 3: Average FPS 

scores on GPU 

compared to YOLOv2 

alone.

Methods

mailto:ryan.visee@mail.utoronto.ca
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The Costly Need for Home Care for Individuals with Spinal Cord Injury

Brian Chan1, Jose Zariffa1 , Sukhvinder Kalsi-Ryan1 , Catharine Craven1

1Toronto Rehabilitation Institute – University Health Network

Introduction

• Spinal cord injury (SCI) is associated 

with a substantial life time health care 

burden.  

• A past study, using data collected 

twenty years ago, estimated lifetime 

SCI attendant care costs to be 

between $1.0 million to $294,000 in 

2011 Canadian dollars.1

• In a more recent analysis, the lifetime 

cost of SCI to the Ontario Ministry of 

Health and Long-term Care is 

$336,100 per individual.2 This 

estimate does not include the cost of 

home care paid for by private 

insurance, out-of-pocket or by Local 

Health Integration Networks (LHIN) 

(i.e. Direct Funding Program, March of 

Dimes, SCI Ontario).  

Objective

To estimate the lifetime cost of 

attendant and nursing home care for 

individuals with traumatic SCI.

Methods

Results

Discussion

• SCI is associated with substantial 

lifetime attendant and nursing care 

costs.

• Publicly funded home care is not 

likely to provide adequate levels of 

home care for individuals with SCI

• Remaining home care requirements 

beyond those described herein may 

be filled by private insurance, out-

of-pocket expenses or family 

caregivers acting as attendants.

• There is a need for a Provincial 

guidance document on attendant 

care services based on SCI 

impairment which considers         

co-morbidity.

References
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4. Marino R.J. et al. Arch Phys Med Rehabil 92, 369-75, 2011
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Contact: brian.chan@uhn.ca

Estimates of life time home care costs are based on published data:
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Input Source

Recommended amount of 

attendant and nursing care

New Zealand Accident Compensation 

Corporation guidelines

Unit cost of care Ontario Nursing Association and VHA 

collective agreements

Natural improvement in motor 

function

Fawcett et al. 20073, Marino et al. 20114

Average of individual with SCI Couris et al. 20105 , Toda et al. 20186

Life expectancy Statistics Canada, DeVivo et al. 20187

High Tetraplegia (C1-C4):

$65K to $3.6 mill

AIS

A or B: $389K to $1.2 mill

C:        $128K to $1.4 mill

D:        $65K to $3.6 mill

$25K to $3.1 mill

$30K to $488K

AIS

A or B:  $76K to $823K

C:          $25K to $1.3 mill

D:          $41K to $3.1 mill

AIS

A or B:  $30K to $418K

C:          $39K to $488K

D:          $39K to $461K

Low Tetraplegia (C5-C8):

Paraplegia:
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 Our group and others have shown progressive brain and behavioural declines in the 

chronic stages of moderate-severe traumatic brain injury (TBI). Memory impairment, a common 

and debilitating complaint, may be linked to the progressive neurodegeneration of the 

hippocampus (memory structure of the brain) observed in the chronic stages of TBI. Past 

research from our lab suggests this atrophy may be a result of decreased cognitive stimulation 

post-injury. Encouragingly, engaging in cognitive environmental enrichment has been shown to 

increase survival of new neurons and reduce neuroinflammation, and thus may offset 

neurodegeneration of the hippocampi in TBI. The present study employs a type of environmental 

enrichment called “allocentric spatial navigation” (bird’s eye view), a strategy associated with 

activation the hippocampi, and reduced aging-related volume loss. Our 16-week allocentric 

spatial navigation intervention is designed to enhance learning and memory capacity and 

improve functioning of the hippocampi. The intervention entails completing navigation tasks in a 

new city each week, for one hour per day, 5 days per week using Google Streetview. Moderate-

severe TBI participants carry out the intervention remotely on the computer, at home. Pre- and 

post- intervention, patients will undergo behavioural, cognitive, and imaging assessments. By 

demonstrating the efficacy of this online memory intervention, we aim to offset hippocampal 

atrophy and improve memory in moderate-to-severe TBI. Moreover, through feasibility testing, 

we are aiming to improve the affordability, accessibility, and scalability of neurorehabilitation 

for individuals living with TBI across Ontario. An interactive display of the intervention will be 

presented. 

 

 


