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Development of a smart-glasses-based wearable device to improve freeze-of-gait symptom in patients

with Parkinson’s disease
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Parkinson's disease (PD) is an intractable neurodegenerative disorder characterized by motor symptoms such
as tremor, muscle rigidity, bradykinesia, and postural instahility. Patients with PD typically present with several
gait characteristics such as “freezing of gait” (FoG), use of small steps and forward-flexed posture. A particularly
troublesome symptom is FoG, where initiating the first step is difficult, leading to a higher risk of falls and
fractures, which can result in patients becoming bedridden. The effectiveness of existing medications for this
symptom is limited, necessitating alternative treatment approaches.

To address FoG in PD patients, we focused on the paradoxical gait phenomenon, traditionally recognized in
clinical assessments of the disease. This phenomenon refers to the improvement of gait when visual cues are
present on the ground in the direction of walking. Our research aimed to develop awearable device in the form of
smart glasses that could induce paradoxical gait, thereby improving walking ability in PD patients. The device
uses a depth camerato dynamically recognize the surrounding environment and overlay visual cuesinthe patient’'s
field of view through transparent smart glasses. This rea-time update of visual markers follows the patient's
movements, promoting paradoxical gait and improving mobility in realistic home environments with steps and
uneven surfaces.

This technology has the potential to reduce gait disturbances, prevent falls, and improve the quality of life
for PD patients, especially those receiving home care. To maximize the effectiveness of these visual cues,
especially for patients with restricted eye movement or limited neck range-of-movement, we devel oped software
to optimize the positioning and timing of these cues. By using sensors to intelligently recognize the patient's gait
state, the device autonomously displays augmented reality markers without requiring patient operation. The
application of this technology could also benefit patients with spatial recognition disorders, such as those with
dementia or cerebrovascular diseases, and visually impaired individuals, aswell as healthy elderly individuals by
preventing falls.

The overarching goa of this research included not only the development of the device but aso the
establishment of a startup to bring the product to market. We conducted a comprehensive business plan that
involved evaluating the market for PD treatment devices, rehabilitation devices for neurological disorders, and
medical wearable devices. This included market and patent research to determine competitive strategies. Clinical
trials were performed to gather user feedback through surveys, identifying technical development challenges and
defining device specifications.

Our business model aims to directly sell the device to end-users, specificaly individual PD patients,
following a B2C approach. To make the device affordable, we focused on reducing manufacturing costs and
simplifying device specifications. For market launch, we planned to obtain approvals as both a caregiving device
and amedical device. Given that the device does not fall under existing categories of caregiving tools, we sought
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to have it recognized by the evaluation committee in the Ministry of Health, Labour, and Welfare, aiming for
inclusion in the public caregiving insurance scheme. Before obtaining medical device approval, we planned to
conduct confirmatory clinical trials to provide evidence of the device's efficacy in improving freezing of gait.

Additionally, we developed afunding plan and capital strategy, creating a comprehensive business plan. We
recruited business professionals to form a necessary team structure. Throughout the research period, we actively
presented at pitch events to raise awareness and network with investors.

Another significant outcome of this project was the educational aspect. The lead researcher, previously
inexperienced in business, acquired essential knowledge through a structured educational curriculum.
Participating in open pitch events and symposia organized by the startup support organization enabled networking
with various stakeholders, including patient groups, researchers, and investors. These connections, which would
have been impossible to establish individually, provided invaluable opportunities.

The outcomes of this project represent critical milestones for launching a startup and bringing the developed
deviceto market. Thisendeavor aimsto deliver the innovative technology to PD patients, significantly improving
their quality of life.



