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INTRODUCTION

Individuals with C5/C6 Spinal Cord Injury (SCI) lose
control over a number of upper extremity muscles. Specifically
the hand muscles are paralyzed, there is partial loss of wrist and
elbow extension, and several shoulder functions are lost,
including horizontal flexion and adduction. Functional Electrical
Stimulation (FES) can be used to stimulate paralyzed muscles to
restore function to these individuals. The goal of this project is to
determine an appropriate set of muscles to stimulate and the
pattern of muscle stimulation that, when combined with retained
voluntary function, would provide improved arm function. The
proposed approach will eventually extract movement intention
from the EMG activity of muscles that are under voluntary
control and uses this information to specify the stimulation levels
of needed for the paralyzed muscles.

METHODS
Experiments were
performed to measure the
kinematics of a set of
arm movements that
reflect a wide range of
daily activities. These
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Figure 1 shows a set of
arm kinematics [2] in the
upper panels and the
activations of several key
muscles predicted by the
inverse simulations
(lower panels).
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muscles that would be expected to have voluntary function
(clavicular trapezius, scapular trapezius, clavicular deltoid, and
scapular deltoid) in individuals with C5/C6 SCI as the inputs and
muscles that would be expected to be paralyzed (pectoralis
major, serratus anterior, medial triceps) as outputs. This TDANN
was designed to predict needed stimulation of paralyzed muscles
based on the natural activity of muscles with voluntary control.

RESULTS AND DISCUSSION

Figure 2 shows an example of the ability of the TDANN to
predict appropriate muscle activity. The upper panel shows the
relevant arm kinematics. The next lower panel shows the
“voluntary”
activity of 4
muscles used as
TDANN inputs.
The lower 3
panels show the
desired muscle
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across a wide Figure 2: TDANN predictions of
range of “paralyzed” muscle activity based on
different “voluntary” muscle activity.
movements.
CONCLUSIONS

The TDANN approach to predicting needed muscle
activation for “paralyzed” muscles from the activation of several
“voluntary “ muscles has been shown to be accurate for dynamic
movement conditions. This result indicates that an arm
neuroprosthesis with EMG-based FES of key elbow and
shoulder muscles should be feasible.
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