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Abstract—Mixed reality (MR) presents a promising frontier
in rehabilitation sciences, particularly for addressing motor
impairments associated with Parkinson’s disease (PD). This paper
explores the integration of an MR-based interactive rehabilitation
system with an ergonomic hand-support device, designed to
facilitate tremor stabilization and enhance fine motor control.
By leveraging real-time sensor feedback and dynamic exer-
cise progression, the system fosters an adaptive and engaging
therapeutic environment. Conventional rehabilitation methods
have demonstrated limited efficacy in addressing the progressive
nature of PD-related tremors, with studies reporting that over
60% of patients experience difficulty in executing daily motor
tasks. Through an iterative development process informed by
expert consultation and patient feedback, the proposed approach
emphasizes usability and clinical feasibility. Although preliminary
in scope, this study provides a foundational framework for Mixed
Reality-assisted rehabilitation and suggests future pathways for
adaptive therapeutic interventions. The findings contribute to
the growing discourse on digital health innovation, underscoring
MR’s potential to augment traditional rehabilitation strategies
through immersive, user-centered methodologies.
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I. INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder that affects approximately 1% of individuals over
60 years of age, with prevalence increasing to nearly 4% in
those over 80 [1]. Characterized by motor dysfunctions such as
tremors, rigidity, and bradykinesia, PD significantly diminishes
an individual’s capacity for independent movement and fine
motor tasks. Rehabilitation remains a cornerstone of PD man-
agement, yet conventional therapeutic modalities, including
physiotherapy and mechanical assistive devices, often fall
short in providing sustained engagement and adaptability to
individualized patient needs [2]. Adherence rates to traditional
rehabilitation programs remain low due to lack of motivation,
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static therapeutic designs, and insufficient feedback mecha-
nisms, necessitating the exploration of alternative solutions
that offer both adaptability and sustained patient engagement.
Mixed reality (MR) has emerged as a transformative tool in
digital health, enabling immersive rehabilitation environments
that provide real-time feedback and interactive task execu-
tion. Studies have shown that MR-assisted rehabilitation can
yield up to a 30% improvement in motor function outcomes
compared to conventional approaches, primarily by enhancing
user engagement and neuroplasticity-driven motor learning.
By leveraging precise motion tracking and adaptive task pro-
gression, MR facilitates the personalization of rehabilitation
exercises, accommodating the unique motor profiles of PD
patients. Despite these advantages, the application of MR
in tremor rehabilitation remains underexplored, with existing
research largely focusing on general motor rehabilitation rather
than targeted interventions for movement disorders. This paper
presents a preliminary exploration of a mixed-reality-assisted
tremor rehabilitation system, integrating an ergonomic hand-
support mechanism with interactive MR exercises to stabilize
tremors and enhance fine motor skills. The system was de-
veloped through a rigorous design process incorporating feed-
back from healthcare professionals and individuals affected
by tremor disorders, ensuring a balance between therapeutic
efficacy and usability. By situating MR within the broader
landscape of neurorehabilitation, this work aims to contribute
to the evolving discourse on digital health interventions for
movement disorders.

II. METHODOLOGY

This study presents the development of a Mixed Reality-
driven rehabilitation system designed to support tremor reha-
bilitation in PD patients by integrating physical stabilization
with adaptive, MR-based motor training exercises. To inform
the system design, we conducted a structured interview study
with 28 participants, consisting of 6 healthcare professionals



(clinicians, rehabilitation specialists, and researchers) and 22
PD patients at varying disease stages. Table I & II provides
a comprehensive overview of the participants’ background
information. The study aimed to address three key research
questions: (1) identifying fundamental user needs in MR
rehabilitation for tremor management, (2) understanding user
perceptions of MR-based haptic and audiovisual feedback,
and (3) investigating usability and accessibility challenges for
home-based MR therapy.

A. System Design and Thematic Insights

The development process began with a comparative analysis
of existing rehabilitation approaches, assessing the strengths
and limitations of mechanical assistive devices and virtual
rehabilitation platforms. Mechanical solutions such as adaptive
utensil aids and stabilizers provide immediate tremor support
by counteracting involuntary movement, though their rehabil-
itative impact remains limited over time [3]. In contrast, MR-
based rehabilitation utilizes immersive simulated activities to
promote motor skill improvement but lacks direct physical
support during real-world tasks [4]. The structured interviews
reinforced the need for an integrated approach, combining
physical ergonomic assistance with adaptive virtual MR ther-
apy to enhance engagement, usability, and rehabilitative effec-
tiveness. Findings from the interviews confirmed that health-
care professionals prioritize personalization and adaptability,
with 83% of clinicians emphasizing that static rehabilitation
tools fail to address individual differences in tremor sever-
ity and motor response. Additionally, 77% of PD patients
expressed frustration with traditional rehabilitation methods,
citing monotony, lack of engagement, and limited performance
feedback. Among patients with prior exposure to VR or Al-
driven therapy (N=7), interactive rehabilitation environments
were perceived as more motivating. However, concerns related
to usability barriers, including motion sickness (N=3) and
cognitive load (N=5), were identified, indicating a need for
an intuitive, user-friendly system design.

B. Mixed Reality-Driven Adaptation and Haptic Feedback
Integration

A critical limitation highlighted by 5 out of 6 healthcare
professionals was the lack of real-time motor adaptation in
existing MR-based rehabilitation solutions. Current fixed train-
ing modules do not adjust to individual variations in tremor
patterns, requiring Al-based adaptive learning mechanisms to
dynamically scale exercise difficulty, stabilization force, and
feedback intensity based on sensor-tracked user performance
[5]. To address this, the system integrates real-time motion
tracking and tremor compensation algorithms, ensuring that
rehabilitation tasks remain both challenging and achievable.
Haptic feedback also emerged as an essential feature, with
68% of patients responding positively to haptic-assisted motor
guidance, suggesting that physical reinforcement enhances
proprioceptive awareness and motor confidence. Clinicians
highlighted that haptic feedback mechanisms within MR envi-
ronments can improve motor coordination and fine motor skill

retention, underscoring its role in enhancing task execution
precision and training effectiveness over time [6].

C. System Implementation: Physical and Virtual Components

The refined system architecture, informed by thematic anal-
ysis, incorporates both a physical ergonomic hand-support
device and an MR-based adaptive training environment, bridg-
ing the gap between biomechanical support and interactive
therapy.

o Physical Component: A custom-designed ergonomic hand
motion assistance device provides real-time stabiliza-
tion and force feedback, addressing clinician concerns
regarding tremor-induced motor instability. This device
integrates a servo-driven adaptive grip mechanism, which
dynamically compensates for tremor oscillations [5].

e Virtual MR Component: The MR-based rehabilitation
interface allows for real-time adjustments based on indi-
vidual progress. Unlike static rehabilitation programs, this
system incorporates progressive motor learning princi-
ples, ensuring that tasks remain appropriately challenging
while facilitating gradual motor improvement.

o Haptic-Integrated Feedback Mechanism: The integration
of force-feedback gloves and vibrotactile stimulation
enhances proprioceptive input, reinforcing motor learn-
ing through physical guidance. This implementation was
based on patient responses indicating that haptic guid-
ance improves movement awareness and task execution
precision, aligning with clinical best practices for neu-
rorehabilitation [6].

D. Evaluation and Future Considerations

To validate the system’s effectiveness, structured user as-
sessments were conducted, comparing the Mixed Reality-
based rehabilitation system to conventional therapy methods.
Metrics such as hand stability, grip strength, and task per-
formance were measured, alongside qualitative user feedback
on ease of use and engagement levels. Findings from these
assessments informed iterative refinements, ensuring that both
the physical and virtual components align with user needs.
Additionally, although the current system primarily focuses
on on-site rehabilitation, healthcare professionals highlighted
the potential for remote monitoring through telehealth func-
tionalities, enabling broader accessibility and personalized
long-term rehabilitation plans [7]. By synthesizing insights
from structured interviews and empirical testing, the Mixed
Reality-based rehabilitation system was refined to address key
usability challenges, enhance adaptive feedback mechanisms,
and optimize patient engagement. The integration of hap-
tic reinforcement and immersive MR training environments
demonstrates a novel, multidimensional approach to tremor
rehabilitation for PD patients, offering both immediate motor
stabilization and long-term therapeutic benefits.

III. DESIGN PROCESS
A. General Design

The development of the hand-stabilizing device followed
an iterative design process aimed at optimizing ergonomics,






