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Series of equally spaced electrical pulses and called constant-frequency trains (CFTs) are traditionally used to activate muscles that are weak or paralyzed due to upper motor neuron lesions to produce functionally useful movements, using an application called functional electrical stimulation (FES).  Muscle fatigue, however, limits clinical application of FES systems.  It has been shown that varying the frequency within CFTs, which results in variable-frequency trains (VFTs), improves the performance of fresh or fatigued healthy skeletal muscle during isometric and non-isometric contractions when compared to CFTs of similar frequencies.  Recently, we have shown that stimulating the muscle with a low frequency and later switching to a higher frequency was the best strategy to improve the ability of healthy human skeletal muscle to perform a non-isometric task repetitively.  Although researchers often suggest that results from healthy muscles could be generalized to FES applications, it is not known how paralyzed muscles respond to novel stimulation strategies during repetitive, non-isometric contractions.  The overall goal of this work, therefore, was to identify stimulation strategies that improve non-isometric performance of paralyzed muscles, and thus identify stimulation guidelines that may improve the performance of paralyzed muscles during FES applications.  Non-isometric contractions were the focus of this research because such contractions are an integral part of functional activities.  

The first study evaluated the ability of paralyzed quadriceps femoris muscles, of subjects with spinal cord injuries (SCI), to produce a 50° knee excursion repetitively during electrical stimulation using different frequencies and train combinations starting with lower-frequencies.  As for healthy muscles, the low- to higher-frequency train combination produced the greatest number of 50° excursions, suggesting that such strategies may improve the ability of FES applications to perform non-isometric tasks repetitively.  Because spasticity, which occurs following SCI, is known to interfere with movement, it is conceivable that spasticity may limit the ability of the knee to produce repetitive excursions during electrical stimulation.  However, the relationship between spasticity and repetitive, non-isometric performance has not been defined.  The second study, therefore, determined if there was any relationship between repetitive, non-isometric performance and hamstrings’ muscle spasticity during passive stretching of the hamstrings using a Kin-Com dynamometer.  Spasticity, defined as the slope of linear regression line for work vs. speed, was minimal and not related to the number of 50° knee excursions produced by the different stimulation protocols tested.  However, data from a subgroup of subjects with relatively higher spasticity suggest that performance for single frequencies increases as spasticity decreases.  Future studies should use more subjects with relatively higher spasticity to more definitively determine if there is a relationship between spasticity and repetitive, non-isometric performance in this subgroup.  
