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= 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

Parkinson Disease (caudate nucleus)

Boston University Sargent College
of Health & Rehabiltation Sciences

Wo & Hallet 2015
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Early/prodromal
Parameter inding PD spe Yy

Gait speed Reduced Low (nonspecific)

Step/stride length Shortened (later in Moderate
prodromal course)

Arm-swing amplitude ~ Reduced, asymmetric ~ High

Interlimb asymmetry  Increased High
Cadence Increased Moderate
Double-support time  Prolonged Moderate
Step time / variability  Increased (earliest High

temporal marker)

Increased (~18.7%in  High
H&Y -11)

Dual-task cost

Mirelman et al, Lancet Neurology 2019;
Kim SW et al, Neurology 2026,
Chahine L et al, Neurology 2025
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Capturing Ambulatory Activity Decline in
Parkinson's Disease

CaRBNAUEh, JamEs T T, PR,

Changes in Walking
Performance in Persons with
Parkinson Disease over 1-year

11y 0. P, PHD, NCS: Eafhar, Gamason M. PT, PhD; Ford,

Journal of Weurolagic Physicol Therapy 3642}p 5157,

o i Variable % change /
. . - effect size
- Physical¥Thera) Steps” | -12/0.28
05 Ap 25011421150 8 10 — Moderate -40/0.30
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Reduced Intensity of Walking Gait Training Interventions

Mean Daily Minutes of Walking Activity at Each Intensity Level (7 Days)
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Natural Walking Intensity in Persons With
Parkinson Disease

Minutes

Participants walked at remarkably low intensity, in bouts of short duration, with few
instances of sustained walking.
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Girris ot al, 2023

Treadmill Training Increases Gait Speed ﬁ e —

Contemporary Clinical Trials -
[eurnelbemspegs memielseriarsemissaiicameliirs (Randomization)
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L P pa—— Je— Study in Parkinson Disease of Exercise (SPARX): Translating ioderatel g
rTr—r—— high-intensity exercise from animals to humans | Ysuat ‘ Intensity Intensity
e N o ' Charity G. Moore **, Margaret Schenkman ", Wendy M. Kohrt, Anthony Delitto*, SicRe Siii)

. Deborah A, Hall. Daniel Corcos f i
. - e N=126
o a - -~ - Mod Intensity = Exercise 4 days per week
p— " 4 2 e ooy 60-65% Hrmax

High Intensity = Exercise 4 days per week
80-85% HRmax
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Schenkman M et a1 2017

Mehrholz et a1, 2015
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e Effects of Brisk Walking on Motor Sympiom Severity

Treadmill Exercise in DeNovo PD

« Brisk walking and balance exercises vs. control
group (UE Ex)
* 60-90 min sessions, 3x/week, 6 months

]T Six-month change in UPDR

H
g f = \ * Moderate intensity
3 8 | « Improved motor symptoms after 6 months in
-] = | | brisk walking vs control group
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MakMetal, 2021
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Faster walking reduces energy costs in PD
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<] § é @‘ I Primary Outcome Within-Group change from | Between Group Difference
2 = 1.0 baseline to 6 months in change from baseline
o 3 o
v N=130 (H&Y 1 and 2) Aerobic Active Available data P value
Intervention  Control
0.75

Group (n=65) Group (n=65)

0.5

Control  PDON

1.0 1.5
Treadmill speed (m/s)

Ued
=}

MDS-UPDRS lll, motor score 1.3 (1.8) 5.6(L9) “4.2(-6.9t0-1.6)) 0.0020
in “off” state }
Padmanabhan et al., 2021 Van der Kolk NM et al., 2019
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Specificity of Training Effect Benefits of Rhythmic Auditory Stimulation Training on G

Before RAS training
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+ Noimprovements in gait or balance metrics following 6 months of cycling oD o o aO a @
o

+ Consistent improvements in gait and balance metrics following 6 months of walking related

exercise suggesting a specificity of training effect O O | minute
stride Lengih § Cadence § Velocity
Boston University Sargent College
of Health & Rehabilitation Sciences |
Van der Kolk NM et 2019 Koshimori & Thaut 2023
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Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system

Beat Move: Synchronized Music Rehabilitation in real-world

N = 25 with PD
How do we 5x/wk x 30 mins for 1 month
improve Amount, Real-time, synchronized, cued music
Intensity, Quality Ertoct of rehsbitaton progeam with BoatMove
. . Distance im) 2404 56 » 400.14 2502.79 = 415.46 0.03 9823221252
Walklng in PD? Speed ims) 1412023 1472025 0.03 0062013
Step length im) 0732012 0.7520.12 004 0032006
Cagence (steps./min) 118422038 120.96 ¢ 10,37 034 13469
Sdent evaluation
6-min walk test Belore After
Distance im) 438292 TB41 46294 2 8531 0.002 246523198
Speed im/s) 1222021 1292018 0.002 007 2009
Strice langth iy 1272004 1302096 004 0092005
I Cadence (steps/min) 1165221214 120422995 001 3912661
L — v
/, g 7 d
Z A %/ A | Bourdon, A et al., 2025

18



Closed Loop Music-Based Digital Neurotherapeutic

Patient walks Movement sensors

A Music-based Digital Th

ic for

ic Gait Training

tothe rhythm 2

Music devery
singbone.
conducton|  Closed-loop

3 7 control
) aw

Audio algorithms

Entrainment
assessment

step#227
Time of step:02:19
Entrainment precision:1.07)

and set the cadence target

000 025 050 145

Targeting Amount, Intensity & Quality of Walking

Rhythmic Auditory Stimulus...Closed Loop System

10 205 230 255 320 345 410

Tme ————3

Hutchinson K et al, 2020
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Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system

Study

Usability

1

[P

it

Adherence

Session
Ouration

Count
High adherence rates

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

per session counts and
duration

Boston University Sargent College
of Health & Rehabiltation Sciences

Zajac, J. A, etal, 2023
Journal of Parkinson's Disease
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i inctional
(NIRS): uses light to measure brain activity by

Ongoing fNIRS study (18 PwPD) B
A Left Prefrontal Cortex Right Prefrontal Cortex
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(45 seconds per condition)
Total Time: 9.75 min.

RAS-walking in PwPD reduced
PFC activation & improved gait
suggesting improved gait
automaticity.

Alternative Ga

Baseline walking
(no music)

Boston University Sargent College
of Health & Rehabilitation Sciences
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Walking with
closed-loop music-based RAS
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Alternative Gait Circuitry: Closed-loop rhythmic auditory stimulus system

( Study 1(N=23)

) Study 2(N=44)

i

Zajac, J. A, etal, 2023
Journal of Parkinson's Disease
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Improved amount, intensity, quality, and automaticity of walking
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Sec

dary Prevention Model of Care

Evidence for Early and Regular Physical Therapy
and Exercise in Parkinson’s Disease

ina ColbnSemenza, PT, PhD?  Tamara R, DeAngelis, PT, DPT
ciene Saint Hilaire, MD, FRCPCI®
and £, Dibble. PT, PhD, ATC, FAPTALY

Terry D Elis, 9T, PAD, FARTA! €
Cathi A Thomas, RN, M, CNEN?
Cammon M. Earhart, PT, PAD, FAPTA

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

Onset of pre-clinical
symptoms

fluPT flu PT

Referral to PT flu PT fluPT

I

Diagnosis PD Delay onset of disabilty

(pre-disability)

Focus of Rx:
* Prevention

Options to Maintain Exercise Between Episodes of PT:

+ Closed-loop b

+ Remediation + Community Exercise Program:

digital
s

Ells etal, 2021
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Higher regular physical activity is associated with better mobility over time

— Lower daily physical activity levels (n = 86)
— Higher daily physical activity levels (n = 86)

Is a Secondary Prevention Model Supported by the Evid

JAMA Neurology | Originalnvestigation

Effect of High-Intensity Treadmill Exercise on Motor Symptoms

in Patients With De Novo Parkinson Disease YE S ! 44
A Phase 2 Randomized Clinical Trial —_—
¢
s
) ) . ]
Effectiveness of home-based and remortely supervised Higher regular moderate to 3
aerobic exercise in Parkinson’s disease: a double-blind, . . o 2 3
randomised controlled trial vigorous physical activity was a
Six-Month Community-Based Brisk S A g K]
Walking and Balance Exercise Alleviates [van der Kolk N et al. Lancet Neurol. 2019 ] associated with a slower decline in &
Motor Symptoms and Promotes Functions 1w ST e . 0
in People with Parkinson's . postural stability and gait function g
A Randomized Controlled Trial RESEA 52
&
A Two-Year Randomized Controlled Trial of Progressive Resistance 2
[Mak MKY, Wong-Yu ISK. J Parkinsons Dis. 2021 | Exercise for Parkinson's Disease =
Long-term Effect of Regular Physical Activity and .

T T T T
0 2 4 6
Follow-up (years)

Exercise Habits in Patients With Early Parkinson Disease

Tsukita K, 2022
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Real-world gait changes precedes Parkinson’s disease diagnosis in a population-scale UK biobank cohort

Group Steps/day, mean (SD) Difference vs. controls Effect size (d)
* Ecological, real-world walking behavior measured years before clinical diagnosis

Healthy controls 6,370 (2,656) — —
* Cohort: 73,413 UK Biobank participants

Prevalent PD 4,212 (2,622) -2,158 -0.817*
. Wrist-worn worn for 7 days

Incident PD: 1-40 mo 4,043 (2,017) -2,327 -0.986*
« Digital gait measures: 17 real-world gait and walking biomarkers derived using the Watch Walk algorithm

Incident PD: 41-60 mo 4,719 (2,555) -1,651 -0.633*
* PD ascertainment: Linked electronic health records; participants followed for up to 10 years .

Incident PD: 61-80 mo 5,397 (2,918) -973 -0.348
* Incident PD: 314 participants developed PD after accelerometry; analyzed by time to diagnosis: 1-40, 41-60, Incident PD: 81119 mo 5,585 (2,173) _785 ~0.323

61-80, and 81-119 months

| Daily steps
. =~800-2,300 fewer steps/day before diagnosis
b L ot ollege Largest difference: —2,327 steps/day within 40 months of diagnosis
Department of Physical Therapy & Athletic Training Peiconi st al Journalof NeuralTransrission, 2026 A L >
Potential signal of reduced real-world mobility in the prodromal period

Peicioni et al, Journal of Neural Transmission, 202
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Does Walking Capacity tell the Contrbstion of Wk Capacky foOaly
Whole Story? % RestakcH AsricLs
erwT 1ot
e T o orn
T —————s . B L PD Walking Performance Performance
. Improvement in the Capacity for Activity Versus (n=57) + -
Parkinsonism and Related Disorders | § Improvement in Performance of Activity in Daily Life
. : During Outpatient Rehabilitation Capacity + 9% 47%
n = Catherine E. Lang, PT, PAD, FAPTA, Carey L. Holleran, T, DPT. DHS, Michael J Strube, PAD, Capacity - 2% 42%
L eocad ? o Terry D Eilis, PT. PRD, FAPTA, Caitlin A, Newman, OTR/L, Meghan Fahey, P
Does clinically measured walking capacity contribute to real-world walking %= Tamarc & Dedugslis P3 DT, Tiamacy  Nordehl, P7, DPT, Dharcy S, Belicioem, P Pui) BIPTA
3 N ve Al . i Gammon M. Earhart, PT. PRD, FAPTA, Keith R. Lohse. PhD. and Marghurena D. Bland, PT, DPT. MSCH
performance in Parkinson's disease? Contribution of Walking Capacity to

Moderate Intensity Minutes (N=82) Discrepancy between

Jenna A, Zajae ™, James T. Cavanaugh ", Teresa Baker , Ryan P. Duncan ", Daniel Fulford,
Jaimie Girmis, Michael Lavalley', Timothy Nordahl", Franchina Parciuncula ',

Kerri 5. Rawsan, Marle Saint-Hilaire *, Cathi A. Thomas °, Gammon M. Earhart " AT ot capacity and performance
Terry D. Ellis
Capacity = describes what an individual can do in a
N s N N N i standardized environment.
Walking capacity explained a relatively small portion 3 z " Lo .
g cap ftz P N . | yld P . Performance = describes what an individual does in
orthe v‘.j,!rlance in real-worl | their current environment.
walking performance. :

Lang etal JNPT 2022
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Physical Therapy

Journal of the American Physical Therapy Association

Most Common Barriers
to Exercise in Persons

Barriers to Exercise in People With Parkinson

Fen2h, sror . gt Tamare & oo with PD:

o s T Gyt o

T o B Fawon i e .

B e ey v o 5 200 >»Low Se|f_Eff|cacy

»Low Outcome
Expectation

»Fear of Falling

Physical Therapy

1 Thr gy Assin et

Jamss T Cavanaugp, Gammon W Eamar,
o, K. BoForeman Lisa Predman, strestet
-

PT|

Boston University College of Health
& Rehabilitation Sciences: Sargent Colley
Departmant of Physical Therapy & Athletic Training
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Promoting Beha nge
COACHING

e &Be %im

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

GOAL SETTING
B specific
[ Measurable
I Achievable
M Realistic
Timely

Action Planning

Boston University Sargent College
of Health & Rehabilitation Sciences
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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 RDoﬁ”ﬁYE

Milkman KL 2021,Stojanevic 2021, Kaushal 2015
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International Consensus Statement for Rehabilitation in PD

D. Timing and settings for rehabilitative services

D1 be

across all stages of discase and

Rescarch Repont

D2, Farly referral to be

a5 they are diagnosed with PD and should continuc with regular modifications throughout
Delivering Multidisciplinary Rehabilitation cisease progression s peeriorh

Care in Parkinson's Disease: An
International Consensus Statement

D3. duct assessments at first

presentation of PD to establish baseline status, with input from the multidisciplinary

ot . D Vg It e b
A A et [ i
i st Da. duct serial and follow up assessments
3 progression (s every 6 months,
D5 iati ices can be provided in a variety of settings including: outpaticnt

therapy locations, day rehabilitation programs, inpatient hospital programs, community-

Boston University Sargent College
of Health & Rehabilitation Sciences
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Boston Unlver5|ty Center for Neurorehabilitation Team

Regina Sioutsky,

Lou Avad,
Jenna Zajac

Nicole Eklund
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PF1 [@Ellis, Theresa] | 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



