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Healthy Parkinson Disease

 Going beyond tremor, 
rigidity and 
bradykinesia…..

 Dopamine depletion to 
the sensorimotor 
striatum leads to 
reduced automaticity of 
daily motor tasks.

 Attentional networks 
take over via the 
associative striatum 
(caudate nucleus)  

Reduced Automaticity of Walking
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Diagnosis of PD

FOG

RBD: Increased gait variability and 
subtle signs of postural instability

Reduced arm swing, increased gait 
asymmetry, increased variability, impaired 
turning, subtle postural instability

Further progressive deterioration of gait and balance. 
Asymmetry is no longer increased. 
Marked postural instability.

Falls

Adapted from Poewe et al. 2017
Courtesy of Daniel Corcos

Motor symptoms

Specific gait and balance signs

Non-motor symptoms

Gait changes appear early, are independent of parkinsonian motor severity and are heterogeneous across patients
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PD specificity
Early/prodromal 
findingParameter

Low (nonspecific)ReducedGait speed

ModerateShortened (later in 
prodromal course)

Step/stride length

HighReduced, asymmetricArm-swing amplitude

HighIncreasedInterlimb asymmetry

ModerateIncreasedCadence

ModerateProlongedDouble-support time

HighIncreased (earliest 
temporal marker)

Step time / variability

HighIncreased (~18.7% in 
H&Y I–II)

Dual-task cost

Mirelman et al., Lancet Neurology 2019;
Kim SW et al., Neurology 2026;
Chahine L et al., Neurology 2025

Early-Stage Walking Impairments in Parkinson’s Disease 
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% change / 
effect size

Variable

-12 / 0.28 Steps*

-40 / 0.30Moderate 
intensity minutes*

Changes in Walking 
Performance in Persons with 

Parkinson Disease over 1-year 
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Girnis et al., 2023

Participants walked at remarkably low intensity, in bouts of short duration, with few 
instances of sustained walking.

(N=82)

Reduced Intensity of Walking
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Key Elements = External Pacer

Gait Training Interventions
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Treadmill Training Increases Gait Speed

Mehrholz et al., 2015
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N = 126

Mod Intensity = Exercise 4 days per week 
60-65% Hrmax

High Intensity = Exercise 4 days per week 
80-85% HRmax

Schenkman M et al 2017

Treadmill Training in Parkinson Disease
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of Health & Rehabilitation Sciences

Treadmill Exercise in DeNovo PD

Schenkman M et al 2017
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Effects of Brisk Walking on Motor Symptom Severity

• Brisk walking and balance exercises vs. control 
group (UE Ex)

• 60-90 min sessions, 3x/week, 6 months
• Moderate intensity
• Improved motor symptoms after 6 months in 

brisk walking vs control group

Mak M et al., 2021
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9/30/2026Faster walking reduces energy costs in PD 
in PD

Padmanabhan et al., 2021
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Home Based Remotely Supervised Aerobic Cycling (Park-in-Shape)

Van der Kolk NM et al.,  2019 

Between Group Difference
in change from baseline

Within-Group change from 
baseline to 6 months

Primary Outcome

P valueAvailable dataActive 
Control
Group (n=65)

Aerobic
Intervention 
Group (n=65) 

N=130 (H&Y 1 and 2)

0.0020-4.2 (-6.9 to -1.6)5.6 (1.9)1.3 (1.8)MDS-UPDRS III, motor score 
in “off” state
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Specificity of Training Effect 

• No improvements in gait or balance metrics following 6 months of cycling
• Consistent improvements in gait and balance metrics following 6 months of walking related 

exercise suggesting a specificity of training effect

Van der Kolk NM et al.,  2019 
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Benefits of Rhythmic Auditory Stimulation Training on Gait in PD

Koshimori & Thaut 2023
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How do we 
improve Amount, 
Intensity, Quality
& Automaticity of 
walking in PD?

Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system
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Beat Move: Synchronized Music Rehabilitation in real-world

N = 25 with PD
5x/wk x 30 mins for 1 month
Real-time, synchronized, cued music

Bourdon, A et al., 2025
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Closed Loop Music-Based Digital Neurotherapeutic

Targeting Amount, Intensity & Quality of Walking 

Rhythmic Auditory Stimulus…Closed Loop System

Hutchinson K et al., 2020

Boston University Sargent College
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Baseline walking 
(no music)

Walking with 
closed-loop music-based RAS 

Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system

Boston University Sargent College
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Adherence

Usability

Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system

Findings 
supported the 
feasibility and 
clinical utility of in 
a naturalistic 
setting.

High adherence rates 
per session counts and 

duration

Study 
1

Zajac, J. A., et al., 2023
Journal of Parkinson’s Disease
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Improved amount, intensity, quality, and automaticity of walking

Zajac, J. A., et al., 2023
Journal of Parkinson’s Disease

Study 1 Study 2

Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system

(N=44)(N=23)

Porciuncula et al., 2025, 
npj Parkinson’s Disease
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RAS-walking in PwPD reduced 
PFC activation & improved gait 
suggesting improved gait 
automaticity. 

Ongoing fNIRS study (18 PwPD)

Mobile Brain Imaging through Functional Near-Infrared 
Spectroscopy (fNIRS): uses light to measure brain activity by 
detecting changes in blood oxygen levels

Alternative Gait Circuitry: Prefrontal brain activation during RAS-aided walking
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Rehabilitation provided at regular intervals over 
disease continuum
• Standardized outcome measures administered 

at each f/u visit
• Exercise prescription tailored to meet the 

needs of each individual patient

f/u PT

Secondary Prevention Model of Care

Onset of pre-clinical 
symptoms

Diagnosis PD
(pre-disability) 

Delay onset of disability

Focus of Rx: 
• Prevention
• Remediation

Referral to PT f/u PT f/u PT f/u PT f/u PT

Options to Maintain Exercise Between Episodes of PT:
• Closed-loop music-based autonomous digital therapeutic
• Community Exercise Programs

Ellis et al., 2021
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Is a Secondary Prevention Model Supported by the Evidence?

van der Kolk NM et al. Lancet Neurol. 2019

Schenkman M et al. JAMA Neurol. 2018

Mak MKY, Wong-Yu ISK. J Parkinsons Dis. 2021

Tsukita K et al., Neurology 2022

YES!

Corcos DM et al. Mov Disord. 2013

Higher and regular physical activity is associated with better mobility over time

Tsukita K, 2022

Higher regular moderate to 
vigorous physical activity was 
associated with a slower decline in 
postural stability and gait function

Real-world gait changes precedes Parkinson’s disease diagnosis in a population-scale UK biobank cohort

• Ecological, real-world walking behavior measured years before clinical diagnosis

• Cohort: 73,413 UK Biobank participants

• Wearable assessment: Wrist-worn accelerometer worn for 7 days

• Digital gait measures: 17 real-world gait and walking biomarkers derived using the Watch Walk algorithm

• PD ascertainment: Linked electronic health records; participants followed for up to 10 years

• Incident PD: 314 participants developed PD after accelerometry; analyzed by time to diagnosis: 1–40, 41–60, 
61–80, and 81–119 months

Pelicioni et al., Journal of Neural Transmission, 2026

↓ Daily steps
≈800–2,300 fewer steps/day before diagnosis
Largest difference: −2,327 steps/day within 40 months of diagnosis
Potential signal of reduced real-world mobility in the prodromal period

Effect size (d)Difference vs. controlsSteps/day, mean (SD)Group

——6,370 (2,656)Healthy controls

−0.817*−2,1584,212 (2,622)Prevalent PD

−0.986*−2,3274,043 (2,017)Incident PD: 1–40 mo

−0.633*−1,6514,719 (2,555)Incident PD: 41–60 mo

−0.348−9735,397 (2,918)Incident PD: 61–80 mo

−0.323−7855,585 (2,173)Incident PD: 81–119 mo

Pelicioni et al., Journal of Neural Transmission, 2026

Real-world gait changes precede Parkinson disease diagnosis by years

Boston University Sargent College
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Does Walking Capacity tell the 
Whole Story?

Contribution of Walking Capacity to 
Moderate Intensity Minutes

Contribution of Walking Capacity to Daily 
Steps

Walking capacity explained a relatively small portion 
of the variance in real-world 

walking performance. 

(N=82)

(N=82)
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Performance 
-

Performance
+

PD Walking 
(n=57)

47%9%Capacity +

42%2%Capacity -

Lang et al., JNPT 2022

Discrepancy between 
capacity and performance

Capacity = describes what an individual can do in a 
standardized environment. 
Performance = describes what an individual does in 
their current environment.
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Most Common Barriers 
to Exercise in Persons 
with PD:

Low Self-Efficacy

Low Outcome 
Expectation 

Fear of Falling

Boston University Sargent College
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Promoting Behavioral Change 

Common behavioral change theories are cognitive: 
• Theory of Planned Behavior
• Social-Cognitive Theory
• Self-Determination Theory

Cognitive theories assume rationality, some level of motivation and ability to 
engage in goal-oriented behavior / action planning.

Building Self-Efficacy through Mastery 

Action Planning

Boston University Sargent College
of Health & Rehabilitation Sciences

Building Habits

Define conditions under which an individual is likely to repeat the desired behavior (e.g., 
PA/exercise)
• Habits are automatized behavioral patterns that get instigated by context dependent 

triggers
Processes can be used to achieve these conditions:
• Reduce friction in the environment (i.e., the ease/difficulty of performing the action)
• Providing “nudges” as a means of encouraging or giving direction towards a certain 

desired behavior without instructing or mandating a person to do something.
• Increasing enjoyability (i.e., the pride, positive affect, or goal congruence of an action)

Goal: Build habit specific self-efficacy

Milkman KL 2021,Stojanovic 2021, Kaushal 2015

Boston University Sargent College
of Health & Rehabilitation Sciences

International Consensus Statement for Rehabilitation in PD

Boston University Sargent College
of Health & Rehabilitation Sciences
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PF1 [@Ellis, Theresa] I realize we do not have 
Regina and Meryem for the fnirs work... do 
we want to include?
Porciuncula, Franchino, 2026-01-30T19:31:48.253


