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Abstract

Recovery of voluntary movement after neurological injury depends on restoring the sensorimotor feedback 
loops that connect the brain, muscles, and sensory receptors. After stroke and other neurological disorders, 
patients frequently retain motor intent that generates low amplitude EMG signals but insufficient force to 
produce visible movement. When these signals are detected and reinforced through biofeedback and 
stimulation assisted movement, the nervous system receives sensory confirmation that supports motor 
relearning and neuroplastic adaptation. This white paper explains the neurophysiology of proprioception, 
how neurological injury disrupts sensorimotor integration, and how biofeedback driven rehabilitation 
systems rebuild these pathways. It also describes how the Stimel-03 platform integrates EMG detection, 
adaptive signal processing, visual biofeedback, and electrical stimulation to convert weak voluntary activation 
into reinforced sensorimotor learning.

Sensorimotor Control and the Role of Proprioception

Human movement depends on a continuous sensorimotor control loop linking the central nervous system 
and the musculoskeletal system. Motor commands generated in cortical and subcortical brain regions travel 
through descending neural pathways to activate specific muscles. When muscles contract, sensory receptors 
located in muscles, tendons, and joints transmit information back to the brain.

Three related sensory mechanisms contribute to this feedback process. Proprioception refers to the 
detection of limb position and muscle force through receptors such as muscle spindles and Golgi tendon 
organs. Kinesthesia refers specifically to the perception of limb motion. Together these signals allow the 
nervous system to evaluate whether the executed movement matches the intended motor command.

During motor learning the brain continuously compares predicted movement outcomes with incoming 
sensory feedback. When discrepancies occur, error based updating adjusts future motor commands. This 
predictive process gradually refines movement accuracy and coordination. Efficient motor control therefore 
depends on reliable sensory feedback within the sensorimotor loop [1,2].
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Figure 1. The Human Sensorimotor Control Loop  Motor command generated in the brain → neural transmission  
through descending pathways → muscle contraction → proprioceptive receptor activation → sensory feedback returning  

to the brain for comparison between intended and executed movement.

Sensorimotor Disruption After Neurological Injury

Neurological injuries such as stroke disrupt both motor output and sensory integration. Damage to cortical or 
subcortical pathways weakens descending neural signals that normally activate muscles. Patients may still 
generate motor intent, but the resulting neuromuscular activation is often too weak to produce visible 
movement.

Without successful movement the nervous system receives limited proprioceptive feedback confirming that 
the intended action occurred. This absence of sensory confirmation prevents effective error based updating 
and slows reinforcement of motor pathways responsible for voluntary movement. Patients may repeatedly 
attempt movements without receiving the sensory signals necessary to strengthen the underlying neural 
circuits.

This disruption of the sensorimotor loop represents one of the major barriers to early functional recovery 
after stroke [5].
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Figure 2. Disrupted Sensorimotor Loop After Stroke  Motor intent → weak EMG activation → insufficient muscle  
contraction → reduced proprioceptive feedback → incomplete reinforcement of motor pathways.

Biofeedback Driven Sensorimotor Reintegration

Biofeedback technologies restore elements of the sensorimotor loop by making physiological signals 
associated with voluntary activation visible and measurable. Surface electromyography detects electrical 
activity produced by motor unit activation, even when the contraction is too weak to generate visible 
movement.

Displaying these signals visually allows patients to recognize successful activation attempts and adjust their 
effort accordingly. This feedback transforms otherwise invisible neuromuscular signals into actionable 
information that guides motor learning.

When biofeedback is combined with electrical stimulation that assists the attempted movement, the system 
recreates the missing sensory confirmation required for effective motor learning. Repeated pairing of 
voluntary intent, assisted movement, and sensory feedback reinforces the neural pathways responsible for 
the action [6].

Stimel-03 and Reinforcement of Motor Intent

Stimel-03 implements this neurophysiological framework through an integrated closed loop rehabilitation 
platform that links EMG detection, visual biofeedback, and stimulation assisted movement.

Surface electrodes detect EMG signals generated during voluntary activation attempts. These signals are 
processed through the BioRhythmIQ architecture which isolates physiologically meaningful motor unit 
activity while reducing environmental noise and motion artifacts.
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The processed signal is evaluated against adaptive activation thresholds that adjust dynamically according to 
the patient’s baseline activity and performance during therapy sessions. When EMG activity exceeds the 
activation threshold the system triggers electrical stimulation that assists the intended movement.

The assisted contraction activates proprioceptive receptors within muscles and tendons, generating sensory 
feedback that travels back to the central nervous system. This feedback confirms successful execution of the 
intended movement and reinforces the neural pathway responsible for the action.

Many conventional EMG triggered stimulation systems rely on fixed activation thresholds and relatively 
simple signal conditioning. These designs may fail to detect early voluntary activation signals when EMG 
amplitudes are extremely small, which is common during the early stages of neurological recovery. When 
thresholds are fixed, weak but meaningful activation attempts may not trigger stimulation, preventing 
reinforcement of emerging motor pathways.

Stimel-03 addresses this limitation through continuous signal evaluation and adaptive threshold logic. The 
system monitors the patient’s EMG baseline during therapy and adjusts activation thresholds relative to the 
patient’s current signal capability. This allows the platform to respond to genuine voluntary intent even when 
visible movement has not yet emerged, enabling earlier participation in active rehabilitation and reinforcing 
the link between effort and movement.

Synchronizing stimulation with voluntary effort preserves the temporal relationship between neural drive 
and sensory feedback. Maintaining this timing is critical because neuroplastic adaptation depends on 
consistent pairing between motor intent and sensory confirmation.

BioRhythmIQ Signal Processing Architecture

Detecting early voluntary activation presents significant engineering challenges because EMG amplitudes 
during early rehabilitation may be extremely small and easily obscured by noise or motion artifacts.

The BioRhythmIQ architecture uses a structured signal processing pipeline to isolate meaningful 
neuromuscular activity. EMG signals are acquired from surface electrodes placed over the target muscle 
groups. The signals pass through band pass filtering stages designed to isolate the frequency range associated 
with motor unit action potentials while suppressing environmental interference.

Artifact reduction algorithms then remove signal distortions caused by electrode movement or external 
electrical sources. After filtering and artifact suppression the system evaluates EMG amplitude relative to 
patient specific baseline activity using adaptive threshold logic.

Threshold adaptation is based on continuous comparison between real time EMG activity and the patient’s 
recent signal history. Rather than using a fixed trigger level, the system dynamically adjusts the activation 
threshold within a range that reflects the patient’s current neuromuscular capability. This approach improves 
detection reliability across therapy sessions and reduces the likelihood that meaningful activation attempts 
will be missed.

Low latency signal processing preserves the temporal coupling between voluntary activation and stimulation 
delivery. When stimulation occurs during the patient’s attempted contraction, proprioceptive feedback is 
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temporally aligned with the original motor command. This temporal alignment strengthens associative motor 
learning and improves reinforcement of the intended movement pathway.

This architecture enables detection of extremely weak voluntary activation signals that would otherwise 
remain clinically unnoticed during early rehabilitation.

This thresholding approach continuously adjusts to fluctuations in signal strength across therapy sessions. 
When EMG activity exceeds the adaptive threshold the trigger logic activates stimulation assistance. Low 
latency signal processing ensures that stimulation occurs during the patient’s voluntary activation attempt, 
preserving the temporal pairing between neural intent and sensory feedback that underlies associative motor 
learning.

This architecture enables detection of extremely weak voluntary activation signals that would otherwise 
remain clinically unnoticed during early rehabilitation.

Clinical Applications

Stimel-03 supports multiple rehabilitation scenarios in neurological therapy. In upper limb rehabilitation EMG 
guided stimulation assists wrist extension, finger opening, and grasp preparation during occupational therapy 
exercises. In lower limb rehabilitation the system assists ankle dorsiflexion and knee stabilization during gait 
training.

Because weak EMG signals frequently appear before visible movement returns, early detection allows 
patients to begin active rehabilitation sooner. Earlier activation increases the number of meaningful 
repetitions during therapy sessions and strengthens the sensorimotor learning process.

Clinical Impact

Rehabilitation systems that combine biofeedback with stimulation assisted movement allow patients to 
actively participate in therapy rather than passively receiving stimulation. When voluntary activation 
attempts consistently produce assisted movement patients experience a direct connection between effort 
and outcome.

This connection increases engagement, improves therapy intensity, and reinforces the neural circuits 
responsible for voluntary movement. Repeated activation of these circuits promotes cortical reorganization 
and progressive functional recovery [8,9].

Key Takeaways for Clinicians

• Weak voluntary EMG signals often appear before visible movement returns after neurological injury. 
Detecting these signals allows patients to begin active rehabilitation earlier.

• EMG driven biofeedback helps patients recognize successful activation attempts and improves 
engagement during therapy.
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• Synchronizing electrical stimulation with voluntary intent restores the sensorimotor reinforcement 
cycle required for neuroplastic recovery.

• Stimel-03 detects low amplitude EMG signals and converts voluntary intent into assisted movement, 
enabling early stage rehabilitation training.

• Repeated pairing of voluntary activation, assisted movement, and sensory feedback strengthens 
neural pathways responsible for functional motor recovery.

Conclusion

Motor recovery after neurological injury requires rebuilding the sensorimotor loops that connect the brain 
and the musculoskeletal system. Technologies that detect weak voluntary activation, provide visual feedback, 
and reinforce movement through stimulation restore the sensory confirmation required for effective motor 
learning.

By integrating EMG detection, adaptive signal processing, biofeedback visualization, and synchronized 
stimulation, Stimel-03 transforms the sensorimotor loop into a structured therapeutic process that supports 
neuroplastic adaptation and functional recovery.
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