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Why Adaptability, Affordability, and Autonomy are Important
Considerations for Rehabilitation Robots and Assistive Technology
215t Century Older Adults?

I3Michelle J. Johnson, PhD

1 Physical Medicine and Rehabilitation, University of Pennsylvania

2BioEngineeringUniversity of Pennsylvania

3Rehabilitation Robotics Research and Design Lab (RRRD), Pennsylvania Institute of Rehabilitation Medicine
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Consequence of Age and Diseases

Al o2dzi tTnn YAtEA2Yy LIS2LX ST 2NJ mn LISNI OSyd 27F (K
population, are >60 age

A By 2050, the # of older persons will have doubled reaching
20%

AX2FaGSy tSIRa G2XRAAalFOoOATtAGE
A Major factors causing disabilities world wide

A Diabetes >>> Amputations and Blindness

A High Blood Pressure >> Strokes

A HIV >> Dementia, Strokes

A Cancers >> Brain Injury, Spinal Injury

A Road Injury >> Spinal Injury, Brain Injury

A Neonatal Nutrition >> Premature Births >> Cerebral
Palsy, Autism, Down Syndrome etc.







Technology Can Bridge This

Gap




Three Design Considerations
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Adaptability Affordabllity Autonomy




Adaptabllity

AOlder persons are not a homogenous
group
AActive Elders
AFrail Elders
ADisabled Elders

AOlder persons may develop different
types of impairments

ARobots and Technology MUST adapt to
changing needs considering cultural and
social context




Prevalence Rates: Age 85 to 74 years (%)

40.04

FIG 3. Age Distribution of Disability in the US Population, 2015
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Robot/Technology must
considerCommonAreas
of Function/Impairment

A Cognition¢ understanding& communicating
A Mobility ¢ moving& gettingaround
A Selfcareg hygienedressing, eating stayingalone

A Gettingalongg interactingwith other people
A Interpersonalnteractions

A Life activities; domestic responsibilities, leisure, wogkschool
A Domestid.ife
A Major LifeAreas

A Participation orCommunity,Social and Civic Lifgjoining in
community activities>

Any Disahility

Yisual

Prevalence Rates:

Hearing

Ambulatary

Age BE to 74 years (%)

Cognitive

Living



ADL Exercise Robot
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Johnson, M. J., Wisneski, K. J., Anderson, J., Nathan, D., & Smith, R. O. (2006, February). Development of ADLER: The activities of daily living exercise
robot. In Biomedical Robotics and Biomechatronics, 2006. BioRob 2006. The First IEEE/RAS-EMBS International Conference on (pp. 881-886). IEEE.
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Baxter: Elder Exercise
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ACollaboration with Dr.
Naomi T. Fitter, Dylan T. Hawkes, Michelle J. Johnson, and Katherine J. KUChenbeCkel‘ and Dr_ N Watts

Kuchenbecker, Designing HurAdabot Exercise Games for Baxter,
IROS late breaking 2016

AElder Exercise Care



Mabu Chronic Disease Management
Mabu:

A Personal Healthcare Cﬁ 1p

Ahttps://vimeo.com/1305
60599

By Catalina Health




Affordability

@
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countries and this proportion will rise to 80% by 2050

A Older persons live in diverse settings
A In homes by themselves
A In homes with family
A In nursing homes
A In assisted living setting

A Rehabilitation now taking place in diverse settings
A Hospitals
A At home with nursing care or a home health agency
A Nursing home
A Daycare or all inclusive care facility (PACE)
A Assisted Living Facility

A Robots and Technology MUST become Affordable considering
settings in which they are applied



Care/Rehabilitation in LeRResource Settings

ADiversity of settings

ALow resources >> Cost

ALittle Space

ARehabilitation care is not as specialized and many are not trained to deliver it
A# of Therapists/Clinicians low compared to # of Elders/Patients

Alncreased diversity of patientsneeds are very mixed

A Not just stroke
A Need system that works with other diagnoses
A Motor and cognitive

Alncreased need for remote followp

Alncreased need to monitor compliance

ADecreased availability of rehabilitation technology or if available may not be at
the same quality



w2020ax

A Provide araffordableopportunity for prevention care and to extend
rehabilitation/care beyond hospital for all patients

A Use technology to increase access to rehabilitati@athcare
services and advance interventions

A Use technology to stretch resources and increase efficiency of small
group of clinicians in diverse rehabilitation and care settings

A Provide higktech features at an affordable costs



* USE WHO CaoSliffective Thresholds

What i1s Affordable*?

Profile Country

GDP/capita (USD| 3*GDP/capita (USD)
159,216

41.788 125,364
10.307 30,921 |
Upper-Middle [RElgEITe 5,290 15,870
ﬁz_@&an.a £.315 21.945
Low-Middle |[€laElED 1,858 5,574 |
India 1,499 4,497
Veitnam 1,908 5,724



CaseStudy: Affordable
Therapy Robot Gym
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RESEARCH Open Access

Technology-assisted stroke rehabilitation in @
Mexico: a pilot randomized trial comparing
traditional therapy to circuit training in a
Robot/technology-assisted therapy gym

Karla Bustamante Valles™ Sandra Mortes”, Maria de Jesus I'\a‘nax:lrk;aISr Adan Ffiurciagasr Maria Blena Martinez”
and Michelle L Johnson '

N A M. 2
. » 20 Stroke Subjects

A Ischemic stroke; hemiplegia >6months post strok
A No more than mildly cognitively impaired
A Various levels of function

A Control Group (CG) v. Robot Groeg)(

3N 2 37 ZEAI pauy




ReS U ItS FugtMeyer Changes
A Changes in UL Motor Impairment and }

Function
A FM: RG: 463.89; CG: 5#4.72: p=0.79
A BBT: RG: 243.61; CG:0.3+3.30: p=0.13
A Changes in LL Motor Impairment and E | UE
Function
A FM: RG: 38.59; CG: 04£1.71 (p=0.035)
A 6MMW: RG: 13535.96; CG: 18+115.80:
p=0.26
A Intrinsic Motivation :

A valuable (RG: 6.88.56 and CG: 6.57.04: I
p=0.14) 6

A engaging (RG: 6.36.23 and CG: 5.89.6:
p:8.2q7)g ( )
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Motivation Scale

ALabor>> 1:1112 ($19.21)to 1:6672 ($4.29) 2

value/usefulness Interest and enjoyment

Tharasy Cost Session = Equipment and Mainteinance Costs + Therapist's Annual Salary CG mRG

# of patients treated in a year






