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Parkinson’s Disease: 
Challenges and Opportunities 



Parkinson’s is Very Difficult 

SYMPTOMS 

Tremor 

Dyskinesias 

Bradykinesia 

Rigidity 

Gait 

Non-Motor et al. 

TREATMENTS 

Levodopa 

Rasagiline 

Duodopa 

DBS 

Exercise 

Neuroprotection? 

DEMOGRAPHICS 

Over 60 

Growing Incidence 

Neurodegeneration 

Medicare 

VA 

Access to Care 



Advanced Parkinson’s 



Wearable Technology Space  
& Big Data 













Can Parkinson’s Wearables Learn from MS? 



Big Enough Data 



Agile Development: Systems, Algorithms, and Applications 



 Over $25 Million in SBIR Funding NIH Funding 

• National Institute of Health, US 

• State of Ohio Commercialization Programs 

 Over 30 Collaborating Institutions Collaborators 

• Clinical Testing 

• Research Collaboration 

• Commercialization Partners 

• Controlled Database with over 1,000 Patients 

 Over 75 Peer-Reviewed & Presentations  Publications 

•  Tremor, Bradykinesia & Dyskinesia Assessment 

•  Parkinson’s Telemedicine 

•  Deep Brain Stimulation Programming 

•  Clinical Trials 

 

Clinical Validation and Publications 



Quality and Regulatory 

FDA Clearance to Market 

• 510k Clearance to Market 

• Intended Use 

• Kinesia is intended to monitor physical motion and muscle activity to quantify 
kinematics of movement disorder symptoms such as tremor and assess activity 
in any instance where quantifiable analysis of motion and muscle activity is 
desired. 

ISO, CE Mark, Health Canada, and TGA 

•  ISO 13485:2003 

•  European Medical Device Directive 93/42/EEC 

•  Canadian Medical Device Conformity Assessment System 

•  EMERGO EUROPE: Authorized Agent 

Standards and Testing 

• Tested to IEC 60601 Standards 

• Complies with FCC Part 15 Rules 

• HIPAA Compliant 



Wearables Roadmap 



Context 

Environment 



Hello My Name Is… 



Would I Use Wearables? 



I Want My Doctor to See… 



What 
Symptoms 

are You 
Trying to 

Measure? 

Detection or 
Severity? 

Are 
Symptoms 

Voluntary or 
Involuntary? 

Context of 
Daily Life? 

Patient 
Environment 

and 
Confounding 

Factors? 

A Road Map for Parkinson’s Wearables 



Clinical Validation of Wearables 



Start with Controlled Environment 

Include Broad Range of Severities 

Compare Versus Traditional Gold 
Standard (Video) 

Demonstrate Correlations, Sensitivity, 
and Test-Retest Reliability 

Move to Unconstrained Environment and 
Tasks That Mask or Mimic Symptoms 

Clinical Validation Workflow 



Giuffrida, J. P., Riley, D, Maddux, B, and Heldman, D.A. Clinically deployable 

Kinesia technology for automated tremor assessment. Movement Disorders 

24 (5): 723-730, 2009. 

Published 

 

Discrete Tremor Assessment 



Kinematic features are highly correlated to clinician MBRS 
scores 

Objective 
Quantification 

Heldman, DA; Giuffrida, JP; Chen, R; Payne, M; Mazzella, F; Duker, AP; 
Sahay, A; Kim, SJ; Revilla, FJ; Espay, AJ. The Modified Bradykinesia Rating 
Scale for Parkinson’s disease: Reliability and Comparison with Kinematic 
Measures. Movement Disorders. 2011. 

Published 

 

 

Discrete Bradykinesia Assessment 



Mera, TO, Burack, MA, and Giuffrida, JP. “Quantitative Assessment of 

Levodopa Induced Dyskinesia Using Automated Motion Sensing 

Technology”, IEEE-EMBS Proceedings 2012.   

Published 

 

 

 

 

 

Discrete Dyskinesia Assessment 



 
TO. Mera, DE. Filipkowski, DE. Riley, Christina M. Whitney, Benjamin L. Walter, Steven 
A. Gunzler, Joseph P. Giuffrida, “Quantitative analysis of gait and balance response to 
deep brain stimulation in Parkinson's disease “ Gait & Posture - 07 December 2012  

Recently Published 

 

 

Discrete Gait and Balance Assessment 

http://www.gaitposture.com/article/S0966-6362(12)00398-0/abstract


Test-Retest Reliability: Intra Class Correlations 
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Sensitivity: Minimum Detectable Changes, % of Full Scale 
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Targeted Applications 

Targeted Applications 



Objective Sensor 

Mobile App 

Web Portal and Reports 



 
Task-Based Motor Assessments  

 



Sensitivity of Data Versus Patient Burden 



DA Heldman, J Jankovic, DE Vaillancourt, J Prodoehl, RJ Elble, and JP 

Giuffrida. Essential Tremor Quantification During Activities of Daily Living. 

Parkinsonism and Related Disorders. Accepted March 2011. 

D. A. Heldman, J. Jankovic, D. E. Vaillancourt, J. Prodoehl, R. J. Elble, and J. P. Giuffrida. 
Essential tremor quantification during activities of daily living.  
Parkinsonism & Related Disorders, 2011. 

Published 

 

 

Continuous Tremor Assessment 
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Christopher L. Pulliam, Michelle A. Burack, Dustin A. Heldman, Joseph P. Giuffrida and 
Thomas O. Mera.  Motion Sensor Dyskinesia Assessment During Activities of Daily 
Living.  Journal of Parkinson’s Disease 2014. 

Published 

 

 

Continuous Dyskinesia Assessment 



Wearable Sensors 

Mobile App 



 
Continuous Parkinson’s Monitoring 

 



 
Continuous Parkinson’s Monitoring 
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Patient Perspective 

 



 
Deep Brain Stimulation: Outpatient Programming 

 



Objective  
Sensor 

DBS Programming Map 

Web Portal 



Closing The Clinical Workflow 
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Potential Solution for DBS Programming 

Can a Computerized Sensing System… 

1. Find DBS Settings that Improve Motor Outcomes Compared to Clinicians? 
 

2. Find DBS Settings that Provide Similar Motor Outcomes at Lower Amplitude? 
 

3. Automatically Guide a Programming Session to Improve Motor Outcomes? 



DBS Parameter Selection 
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Post Hoc Comparisons to Clinicians 



Optimization  
Algorithms for  
Tremor &  
Bradykinesia 

                                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Post Hoc Comparisons to Clinicians 



Optimization  
Algorithms for  
Tremor &  
Bradykinesia 

Post Hoc Comparisons to Clinicians 



Algorithm Settings 

Subject 
Contact / 
Polarity 

Amplitude 
Pulse Width 

(ms) 
Frequency 

(Hz) 
Kinesia Score 

Off 

Kinesia Score On 
After Functional 

Mapping 

Percent 
Improvement 

1 0-/C+ 1.8 mA 90 130 0.5 0.4 14.5% 

2 1-/C+ 0.5 mA 90 130 0.9 0.5 47.9% 

3 0-/C+ 1.2 mA 90 130 1.8 1.5 13.7% 

4 2-/C+ 3.9 mA 90 130 2.8 2.0 29.6% 

6 1-/C+ 1.5 mA 90 130 1.5 0.9 38.1% 

7 1-/C+ 2.4 mA 90 130 2.8 0.5 82.7% 

Average         1.7 1.0 37.8%* 

*p = 0.01 

Real-Time Computer Guided Programming 



Closing The Business Case 



Reimbursement 



Reimbursement 

Delivery Models 



Reimbursement 

Business Models 

Delivery Models 



Reimbursement 

Business Models 

Delivery Models 

EHR Integration 



Closing The Patient Perspective 



I, Myself, Want to See… 



Wearables are Important Because... 



Wearables Roadmap  
For the Future? 



Site Location Collaborator(s) Research Area 

Baylor College of Medicine Houston, TX Dr. Joseph Jankovic Tremor Assessment, Telemedicine 

Cleveland Clinic Cleveland, OH Dr. Hubert Fernandez;  Bradykinesia Assessment 

Henry Ford Health System Detroit, MI Dr. Peter LeWitt Quantitative PD Assessment, 
Neuroprotection 

Kent State University Kent, OH Angie Ridgel, PhD PD Exercise Therapy 

Johns Hopkins University Baltimore, MD Dr. Zoltan Mari Quantitative PD Assessment 

University of Rochester Rochester, NY Dr. Ray Dorsey Telemedicine 

NIH NINDS Bethesda, MD Dr. Mark Hallett tDCS for Parkinson's 

Rush University Chicago, IL Dr. Christopher Goetz Patient Home Evaluations, Telemedicine 

Southern Illinois University School of Medicine Springfield, IL Dr. Rodger Elble Tremor Assessment 

Greenville Neuromodulation Center Greenville, PA Dr. Erwin Montgomery DBS, Rigidity, Telemedicine 

University of Cincinnati College of Medicine Cincinnati, OH Dr. Espay, Dr. Revilla, and Dr. Duker Quantitative Assessments, Home Monitoring, 
Deep Brain Stimulation 

University Hospitals Case Medical Center Cleveland, OH Dr. David Riley and Dr. Ben Walter  Tremor, Bradykinesia, Gait, Balance, and DBS 

University of Florida Gainesville, FL David Vallaincourt, PhD Tremor 

University of Minnesota Minneapolis, MN Dr. Jerrold Vitek Deep Brain Stimulation 

University of Rochester Rochester, NY Dr. Michelle Burack Dyskinesias 

University of Florida Gainesville, FL Dr. Michael Okun Patient Home Evaluations 

Hospital Universitario de Burgos B urgos, Spain Dr. Esther Cubo Telemedicine 
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Questions? 

Joseph P. Giuffrida, PhD 
President & Principal Investigator 

 
www.GLNeuroTech.com 

 
jgiuffrida@GLNeuroTech.com 

216-619-5904 
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