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Introduction Kinematics of Treadmill Walking

Cortically-controlled functional electrical stimulation (FES) offers a means to restore
voluntary motion following spinal cord injury (SCI). We have previously demonstrated
the ability to make an anesthetized rat support itself in a stance position, and to
produce a range of endpoint forces using FES (Jarc et al 2013). In addition, we have
restored grasp during peripheral nerve block in monkeys using cortically-controlled
FES (Ethier et al 2012). We are working to achieve cortically-controlled FES in rats to

restore gait following actual SCI.

Here we show the ability to modulate FES intensity and achieve functional _
movements of a rat’s hindlimb in an open-loop model. By modulating certain X (mm)
stimulation parameters, we can alter the characteristics of the functional movement X (mm)
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Data for this figure courtesy of Cristiano Alessandro

Normalized EMG

FES of Individual Muscles R

We implanted silver wire electrodes in ten muscles of the hindlimb of the rat.

We suspended the rat on a platform with the hindlimb free to move in space. We
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Convert EMGs to FES commands:
- Normalize

- Filter

- Average

- Scale limits

Control runs in MATLAB at 20 Hz.
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stimulated these electrodes using a stimulator from Ripple with currents based on
EMG activity recorded previously from a rat walking on a treadmill.

Joint Angle Ranges
We placed retroreflective markers at 9 points on the hindlimb and recorded kinematics - We achieved maximum ranges of motion that were similar to those seen during Unaltered EMG step
with a Vicon motion tracking system. treadmill walking. The limb was not under load, so the posture of the hindlimb was 55
slightly changed.
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Control of Functional Parameters

Height

- Increased amplitude of individual muscles
In the step cycle relative to other muscles in
order to determine key muscles needed to
control step height.

- Increased relative current amplitude of
several of those key muscles simultaneously
to give an overall step height increase.

Length
- Added early burst of VL activity to increase
knee extension in swing phase.
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cos We can generate functional hindlimb movements in a rat using EMG-based FES.
S04 We would like to increase the range of motion evoked by EMG-controlled
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