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Abstract - The purpose of the study is to assess the 
selectivity of intradural peripheral nerve activation in 
primates using a multiple contact cuff electrode. The cuff 
electrode consisted of four platinum contacts and was 
implanted around ventral nerve root L5 in the cauda 
equina. A constant current stimulator delivered single 
biphasic stimulation pulses. Four monopolar (using a 
surface indifferent anode) and bipolar electrode 
configurations (using two opposite contacts within the 
electrode) were tested. Electromyography (EMG) of four 
lower limb muscle groups was recorded. Current 
intensity was increased until saturation of all muscle 
responses was achieved. Rectified integrated EMG was 
normalised and plotted against current intensity to 
construct recruitment curves. Preliminary results show 
poor selectivity using monopolar as well as bipolar 
electrode configurations. It is concluded that no 
selectivity could be shown in this preliminary trial. 
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1. Introduction 
 

In quadrupeds promising results have been obtained 
on the selective stimulation of hind limb muscles using 
acute [5, 6, 8] as well as chronic implanted multiple 
contact nerve cuff electrodes [3]. These studies 
demonstrated independent and selective activation of 
multiple nerve fascicles within a large nerve trunk (i.e., 
sciatic nerve). Fascicle selectivity is defined here as the 
possibility to stimulate a specific nerve fascicle without 
activating other fascicles. 
 Most anatomy textbooks give a description of the 
segmental structure of the spinal cord and the pattern of 
innervation of the peripheral nervous system. Major 
human muscles of the lower limb are innervated by three 
or more spinal nerve roots [4]. Spinal nerve roots 
emerging from different vertebral levels fuse to form the 
corresponding plexus and peripheral nerves. An 
anatomical separation in fascicles could enhance the 
application and usefulness of implanted stimulation 
devices for the restoration of motor functions at the 
condition that the intraneural topography of spinal nerve 
roots is similar to that of peripheral nerve trunks. 

Data on the selectivity of peripheral nerve 
activation in primates (either monkeys or humans) are 

scarce. Recently, Bošnjak et al. [2] have shown in a 
preliminary study that extradural stimulation of human 
lumbosacral roots can achieve functional muscular 
output. The purpose of the study is to investigate the 
feasibility of ventral nerve root stimulation for activation 
of leg muscles in the baboon using an intradurally 
implanted multiple contact nerve cuff electrode. 
 
2. Material and Methods 
 
2.1. Electrode 

A custom made multiple contact nerve cuff 
electrode was designed with appropriate cuff diameter 
based on data of animal cadavers (diameter of ventral 
nerve root approximately 1mm) assuming a circular 
cross section. The cuff electrode consisted of four 
platinum contacts (Johnson Matthey GmbH, Germany). 
The area and thickness of the platinum contact was 0.5 
mm² and 25 µm, respectively. The platinum contacts 
were spot welded to 316LVM stainless steel multi-strand 
wire insulated with FEP (fluorinated ethylene propylene) 
fluoropolymer (Axon Engineering Inc, USA). An 
unpolymerised rubber silicone elastomer (MED 4210 
Clean Grade Elastomer, NuSil Technology, USA) was 
spread over a stretched rubber silicone sheet (AVECOR, 
USA) (thickness 50 µm). The four contacts were aligned 
and bound at systematically spaced distances to a second 
unstretched rubber silicone sheet. The unstretched sheet 
was placed upon the stretched sheet. The composite was 
squeezed to a thickness of 250 µm. After polymerisation 
a circular window was cut into the inner surface of the 
cuff to expose the surface of platinum contact (exposed 
area 0.4 mm²). Finally, the cuff electrode was trimmed 
to suitable dimensions. The length of the sheet was 
calculated so as to result in a selected number of wraps 
of the cuff around the anterior nerve root. Two and a half 
wraps were considered appropriate to assure a durable 
contact and a steady inner diameter of the cuff. The four 
platinum contacts were regularly arranged at 90°. Prior 
to implantation the nerve cuff electrodes were washed, 
cleaned, and sterilised. 
 
2.2. Implantation 

A female baboon (Papio anubis) was used weighing 
9.5 kg. The baboon was under general anaesthesia 
during the surgical preparation acute implantation of 
nerve cuff electrode) and the testing session. A 



 

 

laminectomy was performed at the L5 vertebral level to 
expose the cauda equina. The dural sac was opened and 
ventral nerve root L5 innervating muscles of the right 
leg was identified electrophysiologically using a pair of 
hook electrodes. One nerve cuff electrode was 
intradurally implanted in the cauda equina around the 
motor fibres of ventral nerve root L5. Experimental 
procedures did comply with the national guidelines of 
animal use and care. The study was also approved by the 
Ethics Comity of the Faculty of Medicine of the 
University of Louvain. 
 
2.3. Stimulation 

Ventral nerve root L5 was stimulated using a 
constant current stimulator. Single rectangular biphasic 
pulses were delivered with a pulse width of 100 µs and 
at a frequency of 1 Hz. Eight electrode contact 
configurations were tested for selectivity: four 
monopolar configurations (stimulation using only one 
contact as cathode, i.e. C0°, C90°, C180°, and C270°) 
and four bipolar configurations (stimulation using one 
contact as cathode and the opposite one as anode, i.e. 
C0°-A180°, C180°-A0°, C270°-A90°, and C90°-A270°) 
were applied. Stimulation of each electrode 
configuration started with zero current. Subsequently, 
the current intensity was increased gradually until the 
saturation of all muscle responses was achieved. The 
stimulation parameters (current intensity, current density 
and frequency) were considered within the safety limits 
of electrical stimulation of the peripheral nervous system 
[1]. 
 
2.4. Data acquisition and processing 

Electrically evoked electromyography (EMG) was 
recorded using subcutaneous stainless steel wire 
electrodes. In an attempt to cover the corresponding end 
plate zones, these wire electrodes were placed 
transversally over the muscle bellies of adductors, 
quadriceps femoris, ankle dorsiflexors, and triceps surae. 
EMG signals were amplified, low-pass filtered at 3 kHz, 
sampled at 10.000 Hz, and digitised using a 16-bit A/D 
converter (National Instruments, USA). The initial 
portion of the EMG signal (stimulation artefacts) was 
eliminated. Raw EMG signals were rectified, integrated, 
and plotted against current intensity to obtain 
recruitment curves. These data were stored on a PC for 
later analysis. To evaluate the selectivity of peripheral 
nerve activation the recruitment curves were normalised 
for their respective EMG saturation values. 
 
3. Results 
 

An example of a typical set of recruitment curves 
for a monopolar electrode configuration (C90°) is shown 
in Fig. 1. Note that the four recruitment curves are 
hardly separated. In addition, no substantial differences 
of the threshold current intensity and the slope of the 
recruitment curves could be shown. Similar results were 

obtained for the other three monopolar electrode 
configurations (C0°, C180°, and C270°), except for an 
overall shift of the complete set of recruitment curves of 
C270° to the right (i.e., to higher current intensity). In 
our experiment adductors, quadriceps femoris, ankle 
dorsiflexors, and triceps surae could not be activated 
selectively enough using a cuff electrode with a 
monopolar configuration. 

 
Fig.1: Recruitment curves of ventral root L5 of the baboon 
using monopolar stimulation (C90°). Normalised rectified 
integrated EMG is plotted as a function of current intensity for 
the following muscle groups of the lower limb: adductors 
(Add), quadriceps femoris (QF), ankle dorsiflexors (ADF), and 
triceps surae (TS). Sigmoid curves are fitted to the data using a 
power equation. 
 
 

 
Fig. 2: Recruitment curves of ventral root L5 of the baboon 
using bipolar stimulation (C270°-A90°). Normalised rectified 
integrated EMG is plotted as a function of current intensity for 
the following muscle groups of the hind limb: adductors (Add), 
quadriceps femoris (QF), ankle dorsiflexors (ADF), and triceps 
surae (TS). Sigmoid curves are obtained using a power 
equation. 
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A set of recruitment curves for a bipolar electrode 
configuration (C270°-A90°) is shown in Fig. 2. The 
overall recruitment is now clearly more progressive but 
threshold current intensity did not show any substantial 
difference and the curves are similar for the four muscles 
groups. Note that the recruitment curves are hardly 
shifted. Similar results were obtained for other bipolar 
electrode configurations (C0°-A180°, C180°-A0°, and 
C90°-A270°). This indicates that lower limb muscles 
can not be stimulated selectively enough using bipolar 
stimulation.  
 
4. Discussion 
 

Experimental results of peripheral nerve activation 
at the most proximal part of a peripheral nervous system, 
i.e. the ventral root, in the baboon have been presented. 
Selectivity of peripheral nerve activation was evaluated 
using EMG responses of four different muscle groups of 
the hind limb. The application of monopolar as well as 
bipolar electrode configurations showed poor selectivity 
to activate these different muscle groups. Not a single 
specific muscle group could be stimulated separately 
without activating other muscles as the recruitment 
curves hardly shifted and threshold current intensities 
did not differ substantially. The results of our study on 
ventral root stimulation conflict with the results in 
studies performed on nerve trunks (e.g., sciatic nerve) [5, 
6, 8]. Highly selective activation of nerve trunks could 
be achieved by tripolar stimulation using field steering.  

Sunderland [7] showed that in the proximal part of 
the peripheral nerve the fascicular arrangement of fibres 
is more mixed than to the distal part. It is speculated that 
a clearly differentiated fascicular arrangement of fibres 
in peripheral nerves is a prerequisite for selectivity. Our 
general lack of success in activating selectively four 
muscle groups could be due to a random distribution of 

fibres in the ventral nerve root. It could thus be that 
intradural cuff electrode implantation is not suitable to 
activate muscles selectively. 
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