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Consequence of Age and Diseases 

Å!ōƻǳǘ тлл Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜΣ ƻǊ мл ǇŜǊ ŎŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 
population, are >60 age 

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

ÅΧƻŦǘŜƴ ƭŜŀŘǎ ǘƻΧŘƛǎŀōƛƭƛǘȅ ŀƴŘ ŘŜŎǊŜŀǎŜŘ ƛƴŘŜǇŜƴŘŜƴŎŜ 

ÅMajor factors causing disabilities world wide 
ÅDiabetes >>> Amputations and Blindness 
ÅHigh Blood Pressure >> Strokes  
ÅHIV >> Dementia, Strokes  
ÅCancers >> Brain Injury, Spinal Injury   
ÅRoad Injury >> Spinal Injury, Brain Injury 
ÅNeonatal Nutrition >> Premature Births >> Cerebral 

Palsy, Autism, Down Syndrome etc. 
 





Technology Can Bridge This 
Gap 



Three Design Considerations 

Adaptability Affordability Autonomy 



Adaptability 
ÅOlder persons are not a homogenous 

group  
ÅActive Elders 

ÅFrail Elders 

ÅDisabled Elders 

ÅOlder persons may develop different 
types of impairments 

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

 



Disability and Age: USA 

Ref: 2016 Disability Statistics 
by Lewis Kraus, MPH, MCP at the Center on Disability at the Public Health Institute 



Robot/Technology must 
consider Common Areas 
of  Function/Impairment 
ÅCognition ς understanding & communicating 

ÅMobilityς moving & getting around 

ÅSelf-careς hygiene, dressing, eating & staying alone 

ÅGetting alongς interacting with other people 

Å Interpersonal Interactions 

Å Life activitiesς domestic responsibilities, leisure, work & school 

ÅDomestic Life 

ÅMajor Life Areas 

ÅParticipation or Community, Social and Civic Life ς joining in  
community activities >> 



ADL Exercise Robot 

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. 



Myomo Pro 



Baxter: Elder Exercise 

ÅCollaboration with Dr. 
Kuchenbecker and Dr. N Watts 

ÅElder Exercise Care 

Naomi T. Fitter, Dylan T. Hawkes, Michelle J. Johnson, and Katherine J. 
Kuchenbecker, Designing Human-Robot Exercise Games for Baxter, 
IROS late breaking  2016 



Mabu: Chronic Disease Management 

Åhttps://vimeo.com/1305
60599 

By Catalina Health 



Affordability 

Å¢ǿƻ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƻƭŘŜǊ ǇŜƻǇƭŜ ƭƛǾŜ ƛƴ ƭƻǿ-and middle-income 
countries and this proportion will rise to 80% by 2050 

ÅOlder persons live in diverse settings 
ÅIn homes by themselves 
ÅIn homes with family 
ÅIn nursing homes 
ÅIn assisted living setting 

ÅRehabilitation now taking place in diverse settings 
ÅHospitals 
ÅAt home with nursing care or a home health agency  
ÅNursing home 
ÅDay-care or all inclusive care facility (PACE) 
ÅAssisted Living Facility 

ÅRobots and Technology MUST become Affordable considering the 
settings in which they are applied 

 

 



Care/Rehabilitation in Low-Resource Settings 

ÅDiversity of settings 
ÅLow resources >> Cost 
ÅLittle Space 
ÅRehabilitation care is not as specialized and many are not trained to deliver it 
Å# of Therapists/Clinicians low compared to # of Elders/Patients  
ÅIncreased diversity of patients ς needs are very mixed 
ÅNot just stroke 
ÅNeed system that works with other diagnoses 
ÅMotor and cognitive  

ÅIncreased need for remote follow-up  
ÅIncreased need to monitor compliance 
ÅDecreased availability of rehabilitation technology or if available may not be at 

the same quality 
 



wƻōƻǘǎΧ 

ÅProvide an affordable opportunity for prevention care and to extend 
rehabilitation/care beyond hospital for all patients 

ÅUse technology to increase access to rehabilitation/heathcare 
services and advance interventions 

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

ÅProvide high-tech features at an affordable costs 

 



Profile Country A = 

GDP/capita (USD) 

B = 

3*GDP/capita (USD) 

High  USA 53,072 159,216 

UK 41,788 125,364 

Upper-Middle 

Mexico 10,307 30,921 

Jamaica 5,290 15,870 

Botswana 7,315 21,945 

Low -Middle Ghana 1,858 5,574 

India 1,499 4,497 

Veitnam 1,908 5,724 

What is Affordable*?   

A > COST-EFFECTIVE < B HIGHLY COST-EFFECTIVE = < A 

* USE WHO Cost-Effective Thresholds 

UNREASONABLE >B 



Case-Study: Affordable 
Therapy Robot Gym 

 

ωRehabilitation 
Robotics Lab 
(MCW/MU/UPENN) 

 

 

PM&R 
Rehabilitation 
Robotics Lab  

ωITESM 
Campus 
Chihuahua, 
Chihuahua, 
Mexico  

 

 
ITESM Campus 
Chihuahua, 
Chihuahua, 
Mexico  

ωCREE: Centro de 
Rehabilitacion y 
Educacion Especial 
DIF NL, Chihuahua, 
Mexico  

CREE 
(Rehabilitatio
n Hospital) 



 
 
 
 
 

20 Stroke Subjects 
Å Ischemic stroke; hemiplegia >6months post stroke 
Å No more than mildly cognitively impaired 
Å Various levels of function 
Å Control Group (CG)  v. Robot Group (RG)  



Results 
ÅChanges in UL Motor Impairment and 

Function  
ÅFM: RG: 4.6±3.89; CG: 5.1±4.72: p=0.79 
ÅBBT: RG: 2.2±3.61; CG: -0.3±3.30: p=0.13 

ÅChanges in LL Motor Impairment and 
Function  
ÅFM: RG: 3.3±3.59; CG: 0.5±1.71 (p=0.035) 
Å6MMW: RG: 13.5±35.96; CG: 18.1±15.80: 

p=0.26 

ÅIntrinsic Motivation 
Åvaluable (RG: 6.83±0.56 and CG: 6.57±1.04: 

p=0.14)  
Åengaging (RG: 6.36±1.23 and CG: 5.89±1.6: 

p=0.27)  

ÅLabor >> 1:1112 ($19.21)to 1:6672 ($4.29) 
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