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Normal Functional Control 
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Current uses of FES 

• Breathing assist 
•  Grasping and Reaching 
•  Transfer and Standing 
•  Stepping and Walking 
•  Bladder and Bowel function 
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FES System 
• Controller 
• Pulse Train Generator 
• Electrode leads 
• Electrodes 
• Feedback? 
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FES System (cont’d) 
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Upper limb stimulation: 
 Stimulates peripheral nerve fibers of 

motor neurons 
 Used in spinal cord injury or stroke 

patients 
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Lower limb stimulation: 
 Footdrop control 
 Standing control 
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Phrenic nerve stimulator: 
 Provides diaphragm pacing to aid 

respiration 
 Bilateral stimulation for symmetrical 

activation of the diaphragm 
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Surgical Attachment 
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Respiratory Assist – Diaphragm Pacing  

• More than 12,000 spinal cord injuries in 
U.S. annually 

• >500 need mechanical ventilation (high 
quadriplegics) 

• Does pacing diaphragm interfere with 
cardiac pacing? No 

•  Overall system same as phrenic 
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Electrode Position (Motor Point) 
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Results of Stimulation 
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Histology Results 
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Basic Study to Determine Effects 

• Stimulate rat gastrocnemius with 200 μsec 
biphasic pulses at 100 Hz for 400 ms 
bursts separated by 6 sec rest for 1 
hour/day for 5 days over 1 month after 
denervation 

• Measure histology and functional 
outcomes at end 
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Instrumentation 
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Rat in Holder 
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Functional Results 
Weight                           Twitch Force 
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Muscle Twitches 
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Histological Results 
A-Denervated, B-Denervated plus Stim, C-Control 



Does FES Improve Recovery?  
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Endpoint Measures 
(Twitch and Tetanic Force) 
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Endpoint Measures 
(Motor Unit Counts) 
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Endpoint Measures 
(Fiber Size and Type) 
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Results 
(Muscle Weight) 
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Results 
(Twitch Force) 
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Results 
(Motor Unit Numbers) 



Muscle Twitches  
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Results 
(Histology) 
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