
  

 

E have developed a multimodal neuromotor analysis platform in non-human primates that integrates a range of state-

of-the-art wireless technologies to achieve unprecedented resolution. Our aim was to establish a practical and 

mechanistic framework for basic neuroscientific research and translational therapeutic development. Two non-human 

primates were implanted with a 96-channel microelectrode array (MEA) in the leg area of primary motor cortex (MI), a 6-

channel electromyography (EMG) system into 6 selected hind limb muscles, and a fully implanted spinal stimulation system 

combining a flexible epidural electrode array and a multi-channel pulse generator. For the first time, we monitored population 

dynamics of the motor cortex, muscle synergies, and whole-body kinematics simultaneously while non-human primates 

behaved naturally in an unconstrained environment, which we believe will enable new approaches to neuromotor disease and 

neuroscientific study. We leveraged this connection-free multimodal platform to evaluate motor control strategies underlying 

natural locomotion on a treadmill, along a straight runway, across complex horizontal ladders imposing precise paw 

placement, and in curved corridors requiring balance adjustment. Using dimensionality reduction techniques, including 

Gaussian process factor analysis (GPFA) and principal component analysis (PCA), we extracted task-specific correlative 

measures between gait kinematic patterns, muscle synergies, and motor cortex neuronal modulations. Finally, we exploited 

the spinal stimulation system to elicit monosynaptic and polysynaptic responses in hindlimb muscles. These segmental 

reflexes can be used as a diagnosis tool to probe spinal circuit function at rest and during dynamic states. This neuromotor 

analysis platform represents advancement in our ability to decipher healthy and diseased motor states through multimodal 

representations, and provides unparalleled opportunities to test contextual neuroscientific ideas as well as the safety and 

efficacy of therapeutic interventions to improve locomotion after neuromotor disorders.  
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Figure 1: Mobile subject with implanted wireless epidural stimulator (A – Synaptix 

and IMM), intracortical and broadband neural MEA (B – Brown University), EMG 

sensor (C), and high-resolution kinematic tracking (D), to create a powerful 

correlative platform for neuromotor disease analysis. 

 


