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ABSTRACT 

 

    For development of a long-term, reliable 

cortical recording electrode, animal and human 

data support the approach of trapping the brain 

inside the electrode. 

 

 

INTRODUCTION 

 

    The search for a reliable neural interface goes on 

though it should have ended some time ago. The 

purpose of the search is to provide long term neural 

control of prosthetic devices for communication, 

movement and speech. The history of electrode 

development has been to take what electrode works 

for acute recordings and develop these successful 

devices into chronic recording electrodes. Immense 

funds are being spent on achieving this aim by 

understanding the histological basis for rejecting 

these tine type electrodes and for developing new and 

more elaborate versions of tine type electrodes in the 

hope that longevity will appear. There is an 

alternative approach 

 

 

TYNE TYPE ELECTRODES 

 

    These tine type electrodes depend on introducing a 

device into the brain KRSLQJ�LW�ZRQ¶W�EH�UHMHFWHG�DQG�

that it will record for the lifetime of the patient. The 

evidence for this hoped-for longevity is nowhere to 

EH� IRXQG��2Q� WKH� FRQWUDU\��&\EHUNLQLHWLFV¶� HYLGHQFH�

from human recordings is that the recorded units die 

off over years even though some simple functions 

can be derived from the few remaining units for over 

1000 days or even longer [1]. The suggestion that 

these electrodes can be replaced after some years 

confirms the defeat of the longevity argument for 

these devices. 

 

ALTERNATIVE APPROACH 

 

    Instead of introducing the electrode into the brain 

why not introduce the brain into the electrode? This 

approach has been successful from the very 

beginning over a quarter century ago when the glass 

tip of a pipette was filled with autologous sciatic 

QHUYH�DQG�SXVKHG�LQWR�D�UDW¶V�FRUWH[ [2]. Histological 

evidence showed that processes grew into and 

through the cavity thus anchoring the glass tip within 

the neuropil [3]. Next, a 3 mil gold wire, Teflon 

insulated, was glued inside the glass pipette tip using 

surgical glue (methacrylate) and this provided 

recordings of the ingrown tissue. Then two wires 

were introduced into the tip so that bipolar recordings 

could be isolated by the insulating glass cone from 

any extraneous interference, and comparison was 

made between each inside wire and an external wire. 

42 rats were used to demonstrate that the clean 

multiunit recordings persisted as along as the rats 

persisted, a maximum of 16 months [2, 4]. Eight 

subsequent monkey implants demonstrated longevity 

of single unit recordings cut from the multi-unit 

steam until the moneys damaged the implants, as 

long as 15 months [5]. These recordings 

demonstrated movement related activity of sufficient 

quality that the FDA gave permission for human 

implants of the Neurotrophic Electrode, the first 

electrode to receive such permission.  

 

 

HUMAN IMPLANTS 

 

    Human implants began in 1996 with the aim of 

providing communication for locked-in subjects. The 

first subject (MH) demonstrated that the system 

would work though she died of her ALS 

complications before useful data could be obtained 

[6]. The next, (JR), EHFDPH� WKH�ZRUOG¶V� ILUVW� F\ERUJ�

because he controlled a computer directly from his 

brain [7]. He showed that not only were single units 
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useful, but he was the first to show that local field 

potentials could be useful controllers also [8]. His 

recordings continued over four years until he died of 

complications of his locked-in state. The next subject 

had such degenerative brain disease (mitochondrial 

myopathy) that even though his system endured for 

4.5 years, his recordings were functionally useless. 

The fourth subject provided evidence that his signals 

were related to the few remaining EMG signals in his 

contralateral arm. By this time LQ� WKH� HDUO\� ����¶V, 

more evidence was forthcoming that non-invasive 

systems could provide communication, precluding 

the need to invade the brain to provide such 

communication. Thus the justification for invasive 

communication systems was difficult to make. Why 

not allow EMG and EEG systems to provide this 

slow communication pathway [9, 10, 11, 12]? For 

movement control, however, it seemed justifiable to 

use single units and local field potentials recorded 

intracortically or extracortically (ECOG). A different 

unique use for single unit recordings was sought. 

Thus was born the quest for the speech prosthetic, a 

prosthetic that would require a stable and reliable 

neural interface. 

 

    While the recognition of phonemes and single 

words has been made recently using ECOG recorded 

using cortical electrode arrays [13], the use of any 

type of EEG signal would appear to be insufficient 

for the fast decoding of neural signals required for 

rapid synthesis of speech if speech production rate is 

to be near conversational speed. The precision 

available from single unit firings has yet to be 

surpassed by any other method. The precision needed 

for control of robotic hands and digits in multiple 

dimensions is also believed to require single units 

[14, 15, 16]. Thus there are specific needs for a 

reliable neural interface that provides single units for 

the lifetime of the subject.  

 

 

EVIDENCE SUMMARY 

 

    The evidence that the Neurotrophic Electrode can 

provide the necessary reliability and longevity comes 

not only from the animal recordings sited above but 

also from human recordings [6, 17, 18, 19, 20]. In the 

five human recordings, signals continued until 

termination (breakdown of the electronics or death of 

the subject) which was as long as 6 years in ER until 

electronic breakdown. When electronics are replaced 

the electrode(s) is (are) not replaced and signals 

continue once the new electronics are plugged in.  

 

    Signals have persisted for over four years in two 

subjects and 6 years in (ER) with recordings 

continuing until electronic breakdown. The number 

of single units remained the same for each subject 

over these time frames. The cluster cut parameter file 

that separates the single units is not changed once set. 

Many examples from studies in subject ER provide 

evidence for this point. (1) In the first study to 

identify phonemes, the cluster parameter file was not 

changed over the many months of recording that 

identified half the English phonemes [19]. After the 

electronics were first changed out in ER, the 

amplifier gains were slightly different and a new 

cluster cut parameter file was originated. (2) This 

new parameter file was not changed over the next 

half year of recordings where evidence was obtained 

for real time speech synthesis, a study in which ER 

had 80% success in producing four vowel phonemes 

using a center out task where the cursor is moved 

from a center phoneme to three outlying phonemes 

over a 2D formant frequency space with visual and 

auditory feedback [17, 18]. (3) In a study of singing 

performed over four years after implantation, the 

parameter file was again not changed throughout the 

months of recording. In this study [20], smooth firing 

rates of multiple single units gradually emerged both 

within sessions and across sessions over time, with 

final improvement occurring when feedback was 

provided whose volume was directly proportional to 

firing rate. In all these studies the same number of 

units was available, namely 31 units from a 

Neurotrophic Electrode containing three wires and 

attached to two implanted amplifiers. There is no way 

that any of the progressive improvement in function 

could have occurred if units were unreliable. 

Amplitudes remained the same, unit waveshapes 

remained the same, and the number of units remained 

the same [17, 18, 19, 20]. 

 

 

FUTURE DEVELOPMENTS 

 

    Despite these successes, the Neurotrophic 

Electrode undoubtedly needs improvement. It may 
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have achieved reliability, but it has not achieved 

adequate numbers of units nor adequate spatial 

resolution. In other words, more units need to be 

recorded per electrode and per area of cortex. 

Towards this aim, a recent implantation of a monkey 

with two Neurotrophic Electrodes that contained six 

pairs of wires in each produced over 100 waveshapes 

(not yet defined as single units) [in progress]. Even 

though the ability to record more units per electrode 

is achievable with the presence of more recording 

wires, a preferred technique would be machined 

traces of gold viae on flexible substrates. In addition, 

the bulk of the tip precludes adequate spatial 

resolution. Therefore, smaller cone tips with multiple 

recording wires or viae are essential to improving the 

electrode. Using modern engineering tools and 

materials it should be possible to produce 

miniaturized cones with three dimensional recording 

sites that will surround the ingrowing neuropil and 

yet remain flexible and biocompatible. Such a 

configuration would allow stereotrode recording of 

the electrically active tissue and with multiple 

recording sites and would harvest an adequately large 

number of single units as well as providing local field 

potential recordings. Biocompatible materials are 

essential and the use of biocompatible glass, gold and 

Teflon may be superseded by other materials. 

 

 

CONCLUSION 

 

    The take away message from these studies is not 

that the Neurotrophic Electrode as presently 

configured is optimal because clearly it is not, but 

rather that growing the neuropil into the electrode is 

the key feature of any long lasting reliable recording 

cortical electrode. Introducing foreign bodies into 

brains will only work if the brain can be induced to 

grow into the foreign body and remain trapped inside. 

Trapping the brain inside the electrode is the key.  

The data summarized above indicates that this 

approach works. Other approaches that do not 

incorporate this principle are likely to continue to fall 

short of the ultimate goal, namely, the lifetime 

recording of reliable neural control signals. The data 

summarized above suggest that the next quarter 

century of electrode development will be successful 

only if this principle is followed. 
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