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In order to establish stimulation patterns for functional electrical stimulation (FES) of spinal cord 
injured (SCI) individuals we analyse cycling limb movements of able bodied people. Kinematic and 
EMG data recorded during upper- and lower limb cycling are analysed for this purpose. One aim is to 
define stimulation patterns for spinal cord injured individuals to make them able to drive the crank of 
an ergometer by their own (electrically stimulated) muscles with altering cycling cadence and against 
altering crank resistances. This allows them to produce larger power output, that helps them to 
maintain their cardiovascular, respiratory functions and enhance their general physiological well being. 
Increased power output can be gained by increasing cycling cadence or by cycling against increased 
crank resistance. This might be achieved by reducing the co-activation of flexor-extensor muscles 
and/or by increasing individual muscle forces. Co-activation during lower limb cycling is quantified 
by the range of angular crank positions accompanied to simultaneous activities of hamstrings-
quadriceps muscles. Analyzing the data of able bodied partcicipants, we found that when cycling 
against increased crank resistance, muscle co-activation range decreased. This may reflect a control 
strategy adapting to altered external forces. 
Another question is that how the activity levels (EMG amplitude) of knee extensor and flexor muscles 
change if cycling cadence or crank resistance is increased? Comparison of muscle activities shows that 
when cycling faster, hamstrings activity increases generally at a higher rate than that of quadriceps. 
The change of muscle activities with respect to cadence change is not resistance invariant. The average 
EMG amplitudes increase at a higher rate with respect to change of cadence when cycling against 
higher (but constant) resistance. Similarly, EMG amplitudes increase at a higher rate with respect to 
change of resistance if cycling cadence is higher.  
Analysis of upper limb cycling will also be reported and compared to lower lmb cycling. For these 
movements there was no significant difference between the range of co-activation of biceps and triceps 
muscles obtained in various resistance conditions, neither between co-activation ranges of Delta 
anterior and Delta posterior.  
Our observations help to define stimulation patterns for FES driven cycling of SCI individuals. The 
persons who participate in this training program may reach increasing power output at consecutive 
trainings. Interestinly, generally not the power output but produced mechanical energy is increased in 
consecutive training sessions. The reason of this is that SCI participants prefer cycling longer against a 
given resistance instead of increasing the resistance level. Although an adequate stimulation pattern 
(timing of muscle activities) make them able to cycle against higher resistance. 
The effect of stimulation frequency on power output will also be presented. An „optimal” stimulation 
frequency varies among individuals. However, for each participant increased power and energy output 
is an invaluable psychological benefit, since they see that during FES trainings thay are able to drive 
the stationary bike by their own muscles, even if the motor command is not arriving from their brain to 
their muscles. 
 


