4

18th Annual International Conference of the IEEE Engineering in Medicine and Biology Society, Amsterdam 1996
M3: Minisymposium

Multi-microelectrode devices for intrafascicular use in peripheral nerve
Wim L.C. Rutten
Institute for BioMedical Technology/ Faculty of Electrical Engineering
University of Twente, POBox 217,7500 AE Enschede, The Netherlands, rtn@el.utwente.nl

-

Abstract This minisymposium paper gives an overview of
experimental, modeling, design and microfabrication steps
which lead towards the University of Twente
threedimensional 128-fold silicon microelectrode device. The
device is meant for implantation in peripheral nerve for
neuromuscular control purposes and is estimated to be able
to selectively control 10-20motor fibres.
Also, the potentialities of a n alternative LIGA
microfabrication technology are considered.
A brief comparison is made with the twodimensional sieve
and flexible foil types of neuro electronic interfaces, under
development elsewhere.
Microfabrication technologies appear to be a n important
tool, but evidence is accumulating that for selective neuroelectronic interfacing the micro devices are not yet
smallhelective enough. More precison and selectivity is
needed to contact individual axom intimately and
selectively. Therefore, new lines of research develop towards
in-vitro-neuron-cultured MEP's (Multi Electrode Plates) to
be implanted in neural tissue.
THE UNIVERSITY OF TWENTE THREEDIMENSIONAL
128-MICROELECTRODE DEVICE

Experiments, modeling and design
If selective contact of one-electrode-one-fiber is to be obtained,
one has to bring an electrode close to one of the nodes of
Ranvier of a fibre. The only 'garantuee' for that in a 'random'
population of fibers is the use of a redundant number of
electrodes in the nerve. For example, the peroneal nerve of the
rat controls four muscles. One of these is the Extensor
Digitorum Longum (EDL) muscle, with 70 motor units.
Assuming a random topology for the position of the EDL motor
fibres in the fascicle, one calculates that for the control of 10-20
fibres a number of 128 electrodes will be sufficient. Control of
all 70 fibres would imply a multiple of 128 electrodes, which is
not possible on a microfabrication scale [4 13,211.
Experiments with a linear 12-fold silicon electrode array and a
twodimensional 24-fold wire-array (Figure 1, [9]) in the
peroneal nerve of rat, and volume conduction modeling
studies, lead to the optimal dimensions for a 3D multi micro
electrode with 128 electrode sites ( Figs. 2 and 3) [4,5,14,
15,161.
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Figure 1. Twitch force recruitment curves of rat
EDL muscle stimulated by a 24-fold 2D
electrode may (see inset), electrode spacing is
120 Km. Scales are log-log. Vertical scale ranges
from 0.1 to 100 grams, horizontal from 1 to LOO
WA.Only 4 curves of the 24 are shown. See [9]
for more detail.
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Figure 2. Schematic overview of a CMOS chip carrying a 3D m a y of 128
microelectrodes, to be inserted into a nerve. For dimensions, see Fig. 3.

Microfabrication
The fabrication of a 3D silicon based multi micro electrode
involves a large number of challenging steps [14], not only for
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[University of Utah group], 2D devices offer a number of
advantages.
Twodimensional 'sieve' devices permit nerve fibers to regenerate
through the metalised via hole-electrodes of the sieve [3] [this
conference: Univ. of Lund group, Fraunhofer Institute St
IngberWniv. of Barcelona group].
Main advantage of this method is that microfabrication of 'flat'
devices is easier than 3D devices. Another advantage i s that,
once the nerve has been regenerated, the device is fixed firmly
to the nerve. However, since the flats are typically only 10 pm
thick, there is a limited chance that nodes of Ranvier will be
close to an electrode (typical internode spacing of a 10 pm thick
fiber is 1 mm), thereby limiting the selectivity of
stimulation/recording.
Another class of 2D electrodes are the flexible foil multi
electrodes, which are intended for flat or bended use in between
or around fascicles [this conference: Univ. of Aalborg group,
Case Western Reserve Univ. Cleveland group, Fraunhofer
Institute St Ingbert group]. Main difference with brush and sieve
type is that they do not penetrate fascicles. This will limit fiber
selectivity [ 191, but may enhance gross fascicular selectivity.
Main advantage is the easy way of fabrication, which is
essentially two-dimensional. Fixation of the flat type will need
special attention.
FUTURE DEVELOPMENTS: CULTURED MULTI
ELECTRODE PLATES AS 'NEURAL PROBES'
Our multielectrode device with 128 electrodes on top of 15-40 p
m thick tapered needles is expected to have an "efficiency' o f
10-20 motor fibres to be contacted selectively. The device is
not yet smallkelective enough. However, one reaches the limit
of what 3D microfabrication can offer.
Increase of efficiency is possible by a different approach.
Instead of 'putting in more and more electrodes', the process is
reversed: nerve fibres are 'seduced' to grow to electrodes, with
natural cells as intermediates. The electrodes are covered (in the
lab) by cultured nerve cells, which are grown in a controlled
way on a chemically/topologically/electricallypatterned Multi
Electrode Plates (MEP) [22]. The cultured MEP is
insertedlinplanted in the nerve (see also Pine's contribution on
'cultured probe' to this minisymposium).
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