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Development of a closed-loop paradigm to investigate the effect of tTIS on freezing of gait in Parkinson’s disease
Freezing of gait (FoG) is one of the most disabling motor symptoms in advanced stages of Parkinson’s disease (PD), characterized by sudden, brief episodes where patients are unable to initiate or continue locomotion (Nutt et al., 2011; Tosserams et al. 2025). Despite dopaminergic therapy and deep brain stimulation (DBS) targeting subthalamic nucleus (STN) or globus pallidus interna (GPi), FoG often remains resistant or even worsens over time (Nonnekes et al., 2015). Thus, new approaches are needed to tackle this unsolved symptom. 

The development of transcranial temporal interference stimulation (tTIS) provides a breakthrough opportunity for non-invasively targeting deep brain circuits (e.g., Beanato et al., 2023; for review Hummel & Wessel 2024). Several studies have investigated how tTIS can be used to reduce oscillatory hallmarks and symptoms of PD (Lamos et al., 2025; Yang et al., 2024). Moreover, recent studies seem to indicate that tTIS has the potential to disrupt highly synchronised neural activity (Vassiliadis et al., 2024, Vieira et al., 2024).  Importantly, recent advances in closed-loop neuromodulation, where stimulation is delivered consequently to detection of pathological neural or behavioural states, have demonstrated efficiency in managing fluctuations of motor symptoms (Wilkins et al., 2024).

By combining real-time detection of and prediction of FoG episodes with adaptive tTIS delivery to deep locomotor structures, a novel non-invasive closed-loop therapy could be developed. 

Assignment
Your task is to develop a closed-loop experimental paradigm in which tTIS is applied to modulate activity in deep brain regions to reduce the onset and duration of FoG events in PD patients. The system must integrate real-time gait monitoring with adaptive stimulation delivery, allowing for a direct assessment of the causal impact of tTIS on FoG. Behavioural readouts should include the number and duration of freezing events, as well as general gait parameters (step length, frequency etc…) 

Challenges
Target Selection: Decide the optimal tTIS target. Consider the frequency of pathological oscillations associated with FoG (e.g. in the STN). Specify stimulation frequencies.

Closed-loop Biomarkers: Identify a reliable, real-time biomarker for FoG onset. IMU- or EMG-based gait phase variability, EEG-derived beta bursts, or freezing index scores are potential candidates.

Behavioural Task: Implement a gait paradigm in which FoG can be reliably triggered in a controlled experimental environment (e.g., walking in a narrow corridor, dual-task walking, or turning in place), while allowing synchronized monitoring of kinematics and neural activity.

Outcome Metrics: Determine how reduced FoG frequency, shortened episode duration, or improved kinematic smoothness will be quantified. Define study design (comparison groups, blinding, number of sessions) 

Translation to Therapy: Consider how such a closed-loop tTIS paradigm could eventually scale to at-home use with wearable FoG detectors, balancing device wearability, safety, energy requirements and aesthetics.
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