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Fundamental study on evaluation of the condition of
percutaneously implanted electrodes with measuring electrical impedance

Hajime MURAKAMI* Shigetomo NUNOMURA™

Restoration of motor functions of paralyzed patients by means of Functional Electrical
Stimulation (FES) is effective as a medical treatment. In the clinical application of
FES. the traditional evaluation of the electrode failure is difficult and often requires
surgical operation, because the electrodes have been percutaneously implanted into the
neuromuscular system of the patients. Hence an evaluating method of the condition of the
electrodes with non-invasive procedure should be developed, and a useful method with
measuring electrical impedance of the electrodes has been reported. Although model
circuits in that method can describe the property of the patients’ electrodes. parameters
(registers and capacitors) in the models have not been discussed quantitatively. Therefore
we evaluate the parameters in this paper. We calculate them from impedance data measured
from the patients’ electrodes (in vivo), and compare them to those measured from in vitro
experiments. The result verifies that the parameters, i.e. the models in that method,
can characterize the electrode condition.
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Fig.1 Model circuit of percutaneously implanted electrodes.

Rs: Resistance of electrodes itself and that of the biological tissue.
Re, Ce: Resistance and capacitance of the electrode-tissue interface.
Cs: Stray capacitance between the conductor of the electrode

and the tissue through the coating insulator.
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(a) Normal condition (b) Only conductor breakage
Breakage Breakage

(¢) Complete breakage (d) Only insulator breakage

Fig.2 Conditions of the electrode.
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(a) Normal condition (b) Only conductor breakage (c) Complete breakage

Fig.3 Simplified model circuits of the electrodes.
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Table 1 Parameters of the electrode models
Rs | 535 [Q]
Re |2.48 [k Q]
Ce [3.46 [u F]
Cs | 602 [pF]
Re' | 113 [k Q]
Ce’' (1. 14 [nF]
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Fig.4 Electrical impedance of the electrodes
—— Normal (Calculated)
—O— Normal (Measured) v
——=— Only conductor breakage (Calculated)
—3>&— Only conductor breakage (Measured)
——{—— Complete breakage (Calculated)
—/— Complete breakage (Measured)
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