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Abstract² Peripheral nerve injuries with large gaps and 

long nerve regrowth paths are difficult to repair using existing 

surgical techniques, due to nerve degeneration and muscle 

atrophy. This paper proposes a Bionic Neural Link (BNL) as an 

alternative way for peripheral nerve repair.  The concept of the 

BNL is described, along with the hypothetical benefits. A 

prototype monolithic single channel BNL has been developed, 

which consists of 16 neural recording channels and one 

stimulation channel, and is implemented in a 0.35-Pm CMOS 

technology. The BNL has been tested in in-vivo animal 

experiments. Full function of the BNL chip has been 

demonstrated.  

I. INTRODUCTION 

Peripheral nerve (PN) injuries, such as brachial plexus 
nerve damage, are a highly debilitating medical conditions. 
Based on an early survey [1], there were nearly 500 new 
patients with brachial plexus injuries in 1987 in the UK 
alone. The situation is expected to be much worse in Asian 
countries as there are more motorcycle riders. PN injuries 
usually cause the loss of motor or sensory function, resulting 
in permanently paralyzed limbs. Existing medical techniques 
to treat PN injuries include nerve suture, graft, tube and 
transfer [2],[3]. Direct nerve suture can be very successful 
when the nerve is sharply cut or the injury gap (the segment 
of nerve lost or needs to be removed during the operation) is 
very small, though there are sometimes complications due to 
the trauma associated to the nerve dissection. For injuries 
with relative large gaps, nerve grafts are normally used. 
Autologous graftV�DUH�VWLOO�WKH�³*ROG 6WDQGDUG´�LQ�the clinical 
treatment of peripheral injuries. The key in autologous grafts 
is to find a suitable donor nerve which matches the diameter, 
length, cross-sectional shape, area, and number of fascicles. 
Although autologous nerve grafts can partially recover nerve 
function, the results are still suboptimal [4]. Synthetic nerve 
tubes or conduits with biological compatible materials, as an 
alternative to autologous grafts, have also been reported, and 
some of them have been approved for peripheral nerve repair 
in clinical settings [3]. Nerve tubes have been found to be 
only suitable for the repair of injuries with small gaps, 
usually less than 3cm [3]. The recovery of nerve function 
relies on the regrowth of the nerve from the proximal side of 
the injury to the muscle fibers since the nerve on the distal 
side will degenerate very quickly (usually 48-96 hours) due 
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to Wallerian degeneration [5]. Unfortunately, the regrowth 
rate is very slow, typically 1mm/day. For those injuries in the 
upper extremities, such as brachial plexus injuries, the nerve 
has to regrow a long distance to reach the muscle, and 
therefore the chance of nerve function recovery is usually 
poor [6]. On the other hand, Functional Electrical Stimulation 
(FES) has been used to re-animate paralyzed limbs [7],[8]. 
Recently, a single cortical neuron based FES capable of 
controlling the wrist movement of a monkey has been 
demonstrated [9].  However, they deal with a different 
problem where paralysis is caused by spinal cord injuries 
while the PN is intact. In this paper, a bionic neural link 
(BNL) for peripheral nerve repair is proposed to provide an 
alternative for restoring peripheral nerve function. The 
concept is described in Section II. The implementation of a 
prototype integrated BNL chip with sixteen recording 
channel and a single stimulation channel in a standard 0.35-
µm CMOS technology is discussed in Section III. The 
measurement and animal experiment results are presented in 
Section IV, followed by the conclusion. 

 

II. CONCEPT OF THE BIONIC NEURAL LINK 

The concept of the proposed BNL is shown in Figure 1. 
The BNL records extracellular action potentials (EAPs) from  
axons in a proximal peripheral nerve that is damaged. A 
spike detection circuit detects the EAPs and triggers a 
stimulator from which a biphasic pulse is generated and 
stimulates the muscles directly. When a peripheral nerve is 
severed in an injury, the neural signal paths are broken. The 
motor neuron signals cannot be transmitted from the brain to 
the limbs, resulting in paralyzed limbs. If the nerve injury 
cannot be repaired with existing medical treatments, the 
proposed BNL can be implanted to reconnect the neural 
signal path. The BNL bypasses the degenerated distal 
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Figure 1. Concept of the proposed BNL 
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