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I conceive of 4 essential goals that must be achieved for effective functional repair after traumatic 
injury of the adult central nervous system (CNS). These goals are: (1) protect neural tissue after 
injury and limit the secondary damage and death of those cells that "escaped" the initial 
neurotrauma, (2) extrinsically provide or stimulate the expression of factors or substrates that 
facilitate axonal regrowth, (3) block the expression of intrinsic factors within the adult CNS that 
inhibit neural repair, and (4) provide appropriate sensorimotor activity through active 
rehabilitation to enhance plasticity within surviving circuits, as well as consolidate any 
anatomical repair or regeneration. Most researchers agree it is unlikely any single therapeutic 
intervention will facilitate complete functional repair whether it promotes neuron survival, 
stimulates axonal regeneration transiently blocks inhibitory signals. Furthermore, delicately 
altering the balance between those factors promoting regeneration with those intrinsic 
mechanisms inhibiting repair may be sufficient to drive functional recovery in a positive 
direction. Finally, determining the spatial and temporal organization of experimental therapies is 
critical to designing an integrated approach to neurotrauma recovery. The rapidly expanding 
information regarding CNS development will continue to provide valuable information for 
creating the necessary conditions within the injured adult CNS that are more conducive to 
functional repair, perhaps in part by approximating the favorable growth state of initial 
development. 
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The development of the Bionic Ear or cochlear implant required answers to a number of
 
questions: I) the cochlear hair cells and their nerve connections were too complex and numerous to be
 
replaced by a small number of electrodes for reproducing the coding of sound; 2) a cochlear implant
 
would destroy the vel}' nerves it was hoped to stimulate; 3) speech was too complex to be presented to
 
the nervous system by electrical stimulation for speech understanding to occur; 4) there would not be
 
enol/gh residual hearing nerves in the cochlea after die back due to deafness to transmit essential speech
 
information; 5) children born deaf would not develop the neural connections in the auditory pathways
 
for hearing with electrical stimulation.
 

The questions have been answered by basic and clinical studies. Research on the experimental animal 
showed that electrical stimulation could not reproduce the synchrony of neural responses or frequency 
discrimination above 300 pulses/s, (Jess than the 3kHz range for speech understanding). Therefore, a 
multiple-electrode system was proposed to reproduce place as well as temporal coding of frequency. 
Experimental studies showed that current could be localised in the cochlea for place coding, and 
biological research established that an intracochlear electrode would be safe. 

Initial implants on adults confirmed the limitations frequency and intensity coding seen in the 
experimental animal, and a speech processing strategy was developed that extracted the important 
clements of speech for transmission through the "electro-neural" bottle-neck to the brain. This enabled 
the patients to underst~lOd running speech, and with the further improvements in this speech processing 
strategy the results are comparable to severely deaf people using a hearing aid. Similar good results have 
been obtained in children born deaf. 

There are a number of challenges for the third milleniulll to further improve the performance of
 
cochlear implants. These challenges are: I) better simulation of the way the brain codes sounds; 2)
 
invisible cochlear implallts; 3) the lise of llerve growth factors to protect the auditory nerve from die~
 

back after deafness or result in its regeneration; and 4) the use of neuTotrophins to re-establish the
 
neural plasticity sem in young children to develop the appropriate neural connections for the coding of
 
frequency.
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