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“Digital biomarkers are defined as objective, quantifiable
physiological and behavioral data |[...].

The data collected are typically used to explain, influence, and/or




Cardinal Signs of Parkinson’s Disease @\ BIOMECHANICS

* Tremor

* Bradykinesia

* Rigidity

* Postural Instability

Armstrong & Okun (2020)

Levodopa is the standard treatment of Parkinson’s disease.



Wearable Sensors @\ BIOMECHANICS

e Small & Lightweight

e Rechargeable or replaceable batteries

\ e Battery life of hours to days

\ e One to many sensors on body segments

e Store & download or real time streaming

e Wireless synchronization




Measures of Mobility

BIOMECHANICS

Posture

30 seconds

P - Sway RMS AP (m/s?)

P - Sway RMS ML (m/s?)

P - Mean velocity AP (m/s)

P - Mean velocity ML (m/s)

P - Centroidal Frequency AP (Hz)
P - Centroidal Frequency ML (Hz)
P - Frequency Dispersion AP (-)

P - Frequency Dispersion ML (-)
P - Normalized Jerk AP (-)

P - Normalized Jerk ML (-)

Initiation

Turning

Start
walking

>

| - APA Duration (s)

I - APA Latency (s)

| - APA Peak AP (g)

I - APA Peak ML (g)

I - RoM First Step (deg)

I - Duration of First Step (s)

Gait - Pace

G - Gait Cycle Time(s)

G - Cadence (steps/min)
G - Stride Velocity (%h/s)
G - Stride Length (%h)

G - RoM Leg (deg)

‘

7 meters

Gait - Arm & Trunk

G - Arm Peak Velocity (deg/s)

G - Arm Swing RoM (deg)

G - Asymmetry Arm Swing RoM (%)
G - RoM Trunk Frontal Plane (deg)

G - RoM Trunk Sagittal Plane (deg)

G - RoM Trunk Horizontal Plane (deg)

Gait - Dynamic Stability

G - Double Support Time (%)
G - Stance Time (%)

G - Swing Time (%)

.

180

T - Peak Velocity (deg/s)
T - Duration (s)

T - Mean Step Time (s)
T - Number of Steps (n)

Curtze et al. (2015)



Levodopa is a Double-edge Sword @\ BIOMECHANICS

Responsiveness to Levodopa

G- Arm Swing RoM

G - Stride Velocity
G-RoM Leg

G - Stride Length

G - Arm Peak Velocity

G - RoM Trunk Horizontal
G - RoM Trunk Frontal

P - Normalized Jerk ML

| - APA Peak AP

| - APA Peak ML

P - Centroidal Freq. ML
T - Peak Velocity

G- Cadence

G - Gait Cycle Time

T - Duration

G - RoM Trunk Sagittal
T - Number of Steps

P - Normalized Jerk AP
P - Freq. Dispersion ML
P - Centroidal Freq. AP
P - Freq. Dispersion AP
T - Mean Step Time

G - Asym. Armswing RoM
| - APA Duration

| - Duration of First Step
| - APA Latency

| - RoM First Step Domains

' G - Stance Time, M Gait - Pace

; G - Swing Time M Gait - Arm & Trunk

E G - Double Supnljort Time M Gait - Dynamic Stability
P-RMSML | M Turning
P - Mean Velocit'y ML Initiation of Gait
P-RMSAP [l Postural Sway
P - Mean Velocity AP :
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Worsening Standardized Response Mean  Improvement



Levodopa is a Double-edge Sword @\ BIOMECHANICS
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What is balance?
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Sensor Placement Postural Sway
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Postural Sway & Head Stability @\ BIOMECHANICS
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Optimal Head Stability (0) | BIOMECHANICS
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Deep Brain Stimulation

Neuromodulation



Neuromodulation (0) | BIOMECHANICS

DBS Electrode Switching Patterns in Parkinson’s disease w
e Study Population UNMC

e 10-15 study subjects total, %‘ Medironic
optimized for clinical

stimulation and medication,
3 months post-surgery I HH
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Neuromodulation Study Overview (]| BIOMECHANICS
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Neuromodulation BIOMECHANICS
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:{

To manage her Parkinson’s
disease, Sara Riggare spends
1 hour in neurological healthcare %
&/ and 8,765 hours in selfcare per year.
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Why continuous
monitoring?




Why continuous monitoring?

(0) | BIOMECHANICS

The assessment of mobility in the clinic may not adequately reflect variability

during daily life.
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3D-Angular Velocity

Can technology be used
© ) for detection of turning

3D-Angular Velocity
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Thank you!

Carolin Curtze, PhD
Assistant Professor
Department of Biomechanics University
of Nebraska at Omaha

ccurtze@unomaha.edu
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