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800,000 Americans per year*

Stroke doesn't discriminate

*ASA/AHA Stroke Update 2023


http://www.youtube.com/watch?v=8BJoOx5ypGY
http://www.youtube.com/watch?v=8BJoOx5ypGY
https://docs.google.com/file/d/1JS8wNPE3dZV2FgTJTJtMfkEpwzNWRKNG/preview
https://docs.google.com/file/d/1JS8wNPE3dZV2FgTJTJtMfkEpwzNWRKNG/preview

800,000 Americans per year*

Susan Jack
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Announcing

Jazz is Susan’s latest exploration. A direct link to

her classical. fiddle and Klezmer backgrounds.
jazz provides her a fresh and dynamically
interpretive platform. In jazz and all her
performances. Susan combines musical artistry
with storytelling. crafting original shows that

celebrate our In nity. She is equally adept in

collaboration. adding her lyrical line to the

musical mix of the moment

Susan’s palette of strings
includes guitar, banjo and
dulcimer.

She has composed hundreds of songs and stories
to teach and share with her own children growing
up, and to share with families all over the world
Her nationally renowned discography and

nered national aw:

children’s books have gar

She is most proud to have recorded these songs
and stories with her [amily. Together with her
Anzserhibars clie nenfoumawandd snninasdiiibe

& susanreed.com



https://docs.google.com/file/d/1rR6y7xQrslcGgLGB-koxt8TRRasPZwqM/preview
https://docs.google.com/file/d/1rR6y7xQrslcGgLGB-koxt8TRRasPZwqM/preview
https://docs.google.com/file/d/1DLEyUsDO9vM9dopcDWzYlD9SLB5bNUbQ/preview
https://docs.google.com/file/d/1DLEyUsDO9vM9dopcDWzYlD9SLB5bNUbQ/preview

A global problem

e | eading cause of disability

worldwide
e Second leading cause of death W
o Risk of stroke +50% in past 20 years|&an gt €

Adults, Ages 35+, by County

e 1:4 peopleispredicted to have a

stroke in their lifetime

Good News » more people are surviving strokes

Not as Good News » more people are living with increased
rates of disability (DALY)
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Traditional Stroke Recovery

Stroke Non-impaired
- N arm function
Exercise-based
therapy
Ve )

Paper-based

L home program ) \ Typical stroke

(ome s ) recovery curve
Minimal carryover
at home
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(2 weeks) (1-3 years)
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Traditional Stroke Recovery

Within 30 days: Non-impaired
s > received O arm function
rehab services

Within 90 days, clients
with stroke received

6-8 sessions of R Typical stroke
combined therapy / recovery curve
After 90 days, they v

received on avg trrrneernnnnntl Rehab

0- 1.5 sessions Inpatient Outpatient Yoare atien Sessions
(2 weeks) =
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Traditional Stroke Recovery

Why such little therapy?

e Accessibility of high quality rehabilitation services

o Transportation

o Availability

o Insurance benefits/cost of therapy
e The dreaded plateau... /
o Isit any surprise? - IR RN

Intensive Sporadic
Immersive non-immersive
therapy therapy

Imago
g



Are you ready for a better vision for stroke recovery?



A better vision for stroke and brain injury rehabilitation

Non-impaired
arm function
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A better vision for stroke and brain injury
rehabilitation

Digital Activity Based
Therapeutics Therapy



https://docs.google.com/file/d/1KlYnwzeBdFpkokYpA02wdK97dFqubl4A/preview

What is needed to change the brain post-stroke?

32 reps per session

% (no.)
Category or of sessions Repetitions/
subcategory observed in*  session
Upper extremity
Active exercise 36 (13) 38.8
Passive exercise 47 (17) 33.9
Purposeful 44 (16) 12.0
Sensory 17 (6) 2.5

VS

Lang et al. 2007

300 reps per session

100 200 300 400 500 600 700
5 Reaches per day

Jeffers et al. 2018

Imago
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What is needed to change the brain post-stroke?

HIGH DOSAGE & HIGH INTENSITY

& HIGH INTEREST




“Best Case” Clinical Therapy

Chronic stroke

5 Moderate or more
Y spasticity
)

Technology-based care
with functional electrical
stimulation and
arm/hand robotics

Fugl-Meyer (points)
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Pre- Mid- Post- Follow-
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Daly et al. NNR 2019
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“Best Case” Clinical Therapy

Chronic stroke

Moderate or more - '

spasticity

Excellent change
on assessMments!

34

32

28

26

Fugl-Meyer (points)

24

22

20

30 +

313

5.1*

9.8*

Pre- Mid- Post- Follow-
Treatment Treatment Treatment Up

Daly et al. NNR 2019
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“Best Case” Clinical Therapy

34
. 32
Mid-Treatment: 150 hours of - 313 h
Tt 30 |
therapy (6 wks) '§_ 5.4 Excellent change
5 2 L in FMA-UE!
Post-Treatment: 300 hours g 9.8*
of therapy (12 wks) \ w
24
5 hours of therapy per day
2
5 days a week
20
Pre- Mid- Post- Follow-
Treatment Treatment Treatment Up
Daly et al. NNR 2019
Imago



“Best Case” Clinical Therapy

5 hours of therapy per day

5 days a week

Over 6 weeks =

45,000 reps?

34

32

28

26

Fugl-Meyer (points)

24

22

20

30 +

313

5.1*

9.8*

Pre- Mid- Post- Follow-
Treatment Treatment Treatment Up

\

Excellent change
in FMA-UE!

Daly et al. NNR 2019
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“Best Case” Clinical Therapy...in reality

60 car rides to and from
hospital facility

Care partner time and effort

6 weeks spent out of work, home,
family routines to do therapy

No known carryover to
activities of daily living

$5,000 cost of therapy model
(per authors)

Fugl-Meyer (points)

34

32

30

28

26

24

22

20

313

5.1*

9.8*

Pre- Mid- Post- Follow-
Treatment Treatment Treatment Up

Daly et al. NNR 2019
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A better vision for stroke and brain injury rehabilitation

Non-impaired
arm function
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Rehabilitation of the future

People need MORE rehab.
People need BETTER rehab.

Rehab needs to happen at HOME.



“Best Case” Clinical Therapy

Therapy from home
Minimal care partner time and effort

Therapy embedded into your work, home,
and family routines

Significant carryover to
activities of daily living

2x week therapy at cost of your insurance
plan therapy provision

= Imago Rehab’s reality

Fugl-Meyer (points)
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3 months at

Imago Rehab
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Introducmg adifferent klnd of robot



http://www.youtube.com/watch?v=RuLAn3XpYAU&t=249
http://www.youtube.com/watch?v=RuLAn3XpYAU&t=249
https://www.youtube.com/watch?v=RuLAn3XpYAU&t=9s

Wearable Technology for Stroke Rehabilitation

] | Harvard JohnA.Paulson
School of Engineering
and Applied Sciences




Pneumatic Actuation of the Hand

Inflatable chambers sandwiched with flexible and inflexible fabrics

e Unobtrusive when “off”

e Helpful, safe, comfortable when “on”
e Mimics the biological structure

\E >~ Inactive Flexion inflated n\%‘) Extension inflated -
72N
\/Y<
N »<> y
o T

Ecrl | Harvard John A.Paulson
School of Engineering
and Applied Sciences




After a stroke, people can
develop physical impairments
in their hand that make
daily activities difficult.



https://docs.google.com/file/d/1OTyYUFP0SzT147-jrFcXnWlooP-ASflm/preview
https://docs.google.com/file/d/1OTyYUFP0SzT147-jrFcXnWlooP-ASflm/preview

Glove Research Phase 1

Study
. Participant
‘J Y

Researcher controlled the glove for
either grasp or pinch assistance

h

Object Manipulation Score =
C = N Wd2OO N
k-~ % ]
Mean Object Manipulation Score
C = N®WaEOLON

30% improvement

Baseline Assisted

= g 9 individuals with
$ 60
5. E C4-7 SC|
4 . g
= . é ézo
0 E = < 0

Baseline Assisted

Harvard John A. Paulson

School of Engineering Imago

and Applied Sciences




Glove Research Phase 2

Control box

Grasp strength 4 2 lbs

Significant increase in ROM

50% * managing objects

Glove controlled by user

Harvard John A. Paulson
School of Engineering

and Applied Sciences |mCIgO




Glove Research Phase 3

Introduction

Circ, 2018

& Winstein, Jr Neuro PT 09)

this gap in treatment

\.

« Stroke is a leading global healthcare burden (Benjamin,
* 0% of survivors have lasting physical impairments (Cher
* Limitations in access to rehabilitation (O'Brien, Phy Ther,

2013), have created a need for at-home therapy devices
* Wearable devices such as soft robotics are poised to fill

\

J

AT

Population: Four participants with chronic stroke
Study design: Pre-and-post intervention

Outcomes: Intervention:

* Modified Ashworth * Baseline, Training Visits 1-6,
Scale (MAS) Post Intervention

* Range of Motion (ROM)| ¢ Training included:

* Grip Strength via 1) Cyclic stretching of flexors x 120
dynamometer 2) Active-assisted exercise of

* Grip Termination via flexors/extensors x 12
finger flexor EMG 3) Repetitive task-oriented training x 60)

-

\

oo eutremity MAS Lare grogreison B

decreased by 1
point

Range of Motion

Grip Strength

B L ok B

increased by
7.41bs (33N)

P oiccussion

* Reduction in hyperexcitability of finger muscles both
within session and pre-to-post

* Increase in finger extension ROM within session

* Increase in grip strength in 75% of subjects within
session and pre-to-post

* Grip termination trends were inconclusive between
subjects but worth further exploration

* Intuitive control strategies using sensors
* Fully portable system
* Randomized controlied trial

individualized
home-based therapy

wearable
system

approved by the Harvard Medical School IRB Protocol BIR-
CS-0006. We want to thank Tim Waish, the Clinical Research
&team, and our participants for their time and effort

Acknowledgements
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Glove Research Phase 4

Baseline Post-therapy
Clinical outcomes Clinical outcomes
System setup & training Collect device
Robotic outcomes Surveys

12

y 4 weeks 2 weeks
chronic

Screening/Consent Home therapy

Stroke information Training Follow-up
MMSE Robotic outcomes Clinical outcomes

COVID procedures k Telerehab ) Surveys

v

stroke

4-week intervention in the home
Telerehab + Home Program
Positive changes in hand/arm function!

Harvard John A. Paulson
School of Engineering

and Applied Sciences |mCIgO




Pneumatic Actuation of the Arm

Inflatable chambers
sandwiched with flexible and
inflexible fabrics

Inflatable soft wearable robot for reducing therapist fatigue
during upper extremity rehabilitation in severe stroke

O'Neill C.*, Proietti T.*, Nuckols K., Clarke M., Hohimer C., Cloutier A., Lin D., Walsh C.

msam  Harvard John A.Paulson ase

& G MASSACHUSETTS
L WKW School of Engineering WYSS g INSTITUTE & H A RVA R D w GENERAL HOSPITAL

€Y and Applied Sciences MEDICAL SCHOOL

* Indicates equal contributions.

Harvard John A. Paulson

School of Engineering Imago

and Applied Sciences



https://docs.google.com/file/d/17zwXo440r6_4gp57UFt8iOvLFGwrvTRv/preview
https://docs.google.com/file/d/17zwXo440r6_4gp57UFt8iOvLFGwrvTRv/preview

Stroke Upper Limb Research Phase 1

3

Proximal Arm
(Support)

Distal Arm
(Stretch)

Both Arms Soft Robot
(Stretch)  (Support)

/|

Shoulder Abduction Shoulder Flexion

Contralateral A |nflated Mode - Post

BN Inflated Mode - Pre @4 \/ented Mode - Post

H H 1 1 B Vented Mode - P *p<0.05 ** p<0.01
Assisting clients with severe e R

Impairments with and without
robotic assistance

Harvard John A. Paulson
School of Engineering

and Applied Sciences |mCIgO



Stroke Shoulder Assist Research Phase 2 HARVARD

School of Engineering
and Applied Sciences

Added to the robotic assistance
capabilities with sensing and elbow

Inflation Feedforward Tuning
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Proietti, O’Neill, Hohimer, Nuckols et al (2020)



Stroke Upper Limb Research Phase 2

Increased arm
Torgue 60%!

Red uce t run k @ No impact in sitting, standing, and walklng ability

Compensation o
4

L& I
¥

Portablelll

Harvard John A. Paulson
School of Engineering

and Applied Sciences |ngo






http://www.youtube.com/watch?v=1Hik9DMMsgw&t=78



http://www.youtube.com/watch?v=1Hik9DMMsgw&t=210

Stroke Shoulder Assist Research Phase 3

Autonomy >

( %

) National
Science
Foundation

Harvard John A. Paulson
School of Engineering
and Applied Sciences




“Discoveries can’'t change the world
if they never leave the lab”

INSTITUTE

1700+ jobs
Created by startups

Wyss <

AVOAN

55 startups

2.2B startup
venture funding

4, 232 patents filed
1,314 issued 2,883 publications



“Discoveries can’t change the world
if they never leave the lab”

Launched in 2021 in MA

Expanded into 5 more states for
virtual OT (including VA!)
Expanded to include Speech
and PT

Covered by Medicare and

commercial payers
Piloting home-based technology

use



Tech Development, Cont...

e Digital home program
e Virtual support and engagement
e Gamified therapy
o RXGames beta pilot*
o Virtual gaming + tele-
rehab as effective as

iNn-clinic CIMT therapy

= Imago P
aaro g

— I o —_—

ra—

Hello, Susan!

Today's goals

Your next appointment is ‘l
Occupational Therapy

On Wednesday, October 25
At 3:00 PM
With Kristen Nuckols

oT

3/4

Mental Health

Activity 1 Activity 2

description descriptiol
— N =1
Imago

REHAB


https://www.thelancet.com/journals/eclinm/article/

Remember Susan & Jack?






https://docs.google.com/file/d/19EP9-kg-n4YfAzUypSCu2Xf-jctYTqtD/preview
https://docs.google.com/file/d/19EP9-kg-n4YfAzUypSCu2Xf-jctYTqtD/preview

Rethinking Rehabilitation

People need MORE rehab.
People need BETTER rehab.
Rehab needs to happen at HOME.

Imago Rehab is committed to making this vision a reality!

www.imagorehab.com



Thank you for your attention!

VSSTF

Virginia Stroke Systems Task Force

kristin@imagorehab.com
Phone: 1-888-855-2674
Fax: 617-250-8243
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