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Assignment#5: implantable Neurotechnologies and
Movement disorders

General Feedback on the lecture

Clarity: Dr. Jocelyn Bloch's lecture was clear and exceptionally engaging, making complex topics in
neurotechnology and its application in movement disorders easily understandable.

Contents: The content of the lecture was broad, also covering unique clinical aspects of neurotechnology.
Dr. Bloch's enthusiasm and in-depth provides us with a well-rounded understanding of the subject matter.

Presentation: The structure of the presentation was effective. Dr. Bloch's method of delivery was
organized in a way that made the lecture feel complete on its own. Her unique personality and passion for
the subject shone through, enhancing the overall delivery and engagement with the audience.

Other Comments: As part of member doing Q&A that day, while the lecture was highly informative and
inspiring, the time allocated for the prepared Q&A part was a bit limited. It restricted the opportunity for
deeper, real-time exploration of the topics. Future sessions could benefit from more time being set aside for
audience interaction, allowing for a more dynamic flow and the ability to address specific inquiries. Overall,
the lecture was really inspiring.

Take home messages from the lecture

1. Innovations in Neuroprosthetics for Parkinson's Disease (PD) and Spinal Cord Injuries (SCI):
The lecture highlighted significant advancements in neuroprosthetics, particularly focusing on
treatments for Parkinson's disease and spinal cord injuries. These innovations demonstrate the
evolving landscape of neurotechnology and its applications in addressing complex neurological
conditions.

2. Targeting Specific Neural Regions for Enhanced Efficacy: In the case of Parkinson's disease, the
neuroprosthesis targets the dorsal root entry zones of the lumbosacral spinal cord, differentiating it
from traditional therapies like deep brain stimulation. Similarly, for spinal cord injuries, Spinal Cord
Stimulation (SCS) is used to facilitate motor functions, showcasing how specific targeting of neural
regions can lead to improved outcomes.

3. Synergistic Effects with Traditional Therapies: Both in Parkinson's disease and spinal cord injury
treatments, the combination of neuroprosthetics with existing therapies (like DBS and dopaminergic
replacement in PD, and intensive rehabilitation in SCI) has shown to enhance therapeutic effects,
particularly in gait and balance improvement.

4. Closed-Loop Systems and Real-Time Control: The implementation of closed-loop systems in PD
treatment and spatiotemporal SCS in SCl indicates a move towards more adaptive, responsive
neuroprosthetics. These systems can adjust stimulation in real-time based on feedback, leading to
more precise and effective treatments.

5. Potential for Inducing Neuroplasticity: Prolonged training with SCS in spinal cord injury patients
has revealed the potential for neuroplastic changes, leading to partial recovery of voluntary
movements. This aspect underlines the transformative potential of neuroprosthetics in not just aiding
but also potentially restoring lost neurological functions.
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|dentify and describe a recent publication

Title: A high-performance speech neuroprosthesis

Authors: Willett, F. R., Kunz, E. M., Fan, C., Avansino, D. T., Wilson, G. H., Choi, E. Y., ... & Henderson, J. M.
Journal: Nature

Summary: The study introduces a novel speech-to-text brain-computer interface (BCl) that effectively
translates neural activity into written text. This advancement is particularly notable for its successful
application in a participant with amyotrophic lateral sclerosis (ALS), who faces significant challenges in
intelligible speech. The system stands out for its remarkably low word error rate and a decoding speed that
is close to the pace of natural conversation, marking a substantial leap forward in BCI technology for
restoring speech in individuals with paralysis.

Why I Find This Interesting: The ability of the BCI to facilitate expressive communication in real-time,
nearly matching natural speech pace, is a remarkable feat that could revolutionize assistive technologies for
those with speech and motor impairments. This represents not just a technical achievement but also a
significant step towards improving quality of life and autonomy for affected individuals.

Key Takeaways:

1. Innovative Technology: Utilizing advanced intracortical microelectrode arrays, the neuroprosthesis
achieves high-resolution neural recording. This novel technological advancement enables the precise
decoding of neural signals associated with attempted speech, transforming them into textual output.

2. Enhanced Performance: The BCI exhibits a significantly lower word error rate compared to its
predecessors, alongside a decoding speed that nearly mirrors natural speech. This represents a
notable improvement in BCI performance, bridging the gap between technological capability and
practical usability.

3. Large Vocabulary Decoding: The system's ability to decode a wide range of vocabulary in real-time
is unprecedented. This capability enhances the BCl's practicality for everyday communication,
offering a more natural mode of expression for users.

4. Potential for Wider Application: The research opens new possibilities for speech restoration in
individuals with substantial speech and motor limitations. It challenges the current limitations of
assistive communication devices, offering a more fluid and interactive mode of communication that
closely resembles natural speech patterns, potentially benefiting a wider range of neurological
conditions beyond ALS.

Questions on Topics covered in the lecture

Using words and schematic depictions explain the main conceptual and technological advances
that enabled Prof. Bloch and colleagues to develop treatments that allowed their Parkinson’s
patient to walk again.

The key innovation in this treatment is a spinal implant. Combined with traditional deep brain stimulation
(DBS), it allowed the patient to walk again.
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For instance, the image illustrates the application of spinal stimulation to reduce freezing of gait in a patient
with advanced Parkinson's disease. The left side of the figure (EES off) shows a person with an irregular
gait pattern, represented by the erratic graph, which indicates freezing of gait.

The right side of the figure (EES on) shows the individual with a regular gait cycle when the spinal implant is
activated. The implant sends electrical signals to the spinal cord at specific levels, which correspond to the
natural gait cycle phases. This activation is facilitated by inertial units that track the gait and inform the
timing of stimulation, allowing for a more coordinated and fluid movement, reducing postural impairments
and the freezing of gait.

This technology is a substantial advance, as it provides a new method to assist patients with PD in walking
again, addressing symptoms that are less responsive to traditional therapies like medication or deep brain
stimulation.

What specific symptoms of Parkinson's disease does this therapy aim to treat and what measure
did the investigators take to optimize this treatment to the specific needs of their patient?

The therapy aims to treat severe gait impairments in Parkinson's disease, specifically targeting the
symptom of freezing of gait, which is characterized by sudden and unpredictable inability to start or
continue walking.

To optimize this treatment for the specific needs of the patient, the investigators used a closed-loop spinal
cord neuroprosthesis, which adapts the stimulation in real-time according to the gait cycle, providing a
personalized therapy.

This approach synergizes with other treatments like deep brain stimulation, enhancing overall mobility. The
optimization also involves inertial units that track leg movements to time the spinal stimulation with the gait
cycle phases, thereby reducing freezing of gait and postural impairments.

Describe some of the main limitations of this approach
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Exploring Wider Effectiveness: The pioneering work with patient Marc and initial animal studies is a
breakthrough, showing great promise. The next exciting step is to explore how this innovative technology
can benefit a wider range of individuals with Parkinson's disease. Ongoing clinical trials will be key in
understanding its broader applicability and effectiveness.

Understanding Underlying Mechanisms: A fundamental limitation might be the incomplete understanding
of the underlying mechanisms through which the neuroprosthesis alleviates symptoms. While it shows
efficacy in symptom management, a deeper understanding of how it interacts with the nervous system at a
molecular and cellular level is necessary to refine and optimize the technology.

Cost and Accessibility: The cost of the technology and the surgery required for implantation may limit its
accessibility, particularly in resource-limited settings. Ensuring broad access to this potentially life-
changing treatment will be a significant challenge.

Individual Variability in Disease Progression: Parkinson's disease manifests differently in each individual,
with varying symptoms and rates of progression. This variability could lead to inconsistent responses to the
treatment, making it challenging to predict outcomes for individual patients
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