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ABSTRACT 
Properties of nerve cuff recording electrodes were analyzed. 
Tnplar  cuff electrodes have to be: described essentially dif- 
ferent for (propagating) nerve signals inside the cuff, and 
electrical muscle activity and stimulus artifacts arising from 
sources outside the cuff. It was experimentally shown that 
the signals originating outside the cuff are differently and 
much stronger influenced by the addition of a balancing re- 
sistor to the outer cuff electrodes than the nerve signal. 

INTRODUC‘IION 
The use of tripolar electrode configurations for the rejec- 

tion of the electromyogram (EMGr) was an important step in 
the optimization of whole nerve recordings of the elec- 
troneurogram (ENG) [l]. But even with tripolar configura- 
tions high EMG signals and stimulus artifacts can contami- 
nate the signal [2,3]. A further optimization of cuff elec- 
trodes may take advantage of the different modes of opera- 
tion of the cuff for signals originating internally and exter- 
nally to the cuff. In this paper we show that for nerve signds 
the cuff electrode can be regarded as a bandpass filter 
whereas signals from external origin are linearized inside 
the cuff. Balancing the cuff within certain limits with an 
external potentiometer does therefore strongly affect the ex- 
temal signal with only a slight change of the (internal) nerve 
signal. 

THEORY 
For internal signals the same (propagating) signal shows 

up at the different contacts in the cuff at different times. 
Consider a straight nerve fiber oriented in parallel with the 
x-axis and a number (N) electrodes at the x-positions Xj, 

j=l, ..., N. Let f=f(r) be the nerve signal as observed by an 
electrode at x=O, Then, if this signal propagates with a con- 
stant velocity v in the positive x-direction, the signal at elec- 
trodej will be fj(t)=f(t-Xj/V). Let g=g(t) be a linear combi- 

nation of the fj such that g(t)= ajf (t-nj l v ) ,  where aj, 

j=l, ..., N, are the weights for each of the electrodes. In the 
frequency domain this reads as G(io)=H(iw)F(iw), where F 
and G are Fourier transforms o f f  and g, and H is given by: 

N 

j= 1 

N 

j= 1 

(1.) H(io)= a j  exp(-ioxj /v) 

For an ideal tripolar cuff, with x1=0, xz=-d and xS=+d, 
and with weight factors q = l ,  XZ=X~=-% the modulus of (1.) 
is: IH~plJ=l-cos(od/v). The tripolar cuff can thus be re- 
garded as a signal velocity dependent bandpass filter (fig. 1). 
The weight factors are dependent on a.o., the electrode im- 
pedances and the way the electrodes are interconnected. 
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Figure 1 Transferfwtction IHm1 for the tripolar con- 

jlguration for different nerve signal velocities 

If the maximum amplitude density is assumed to be at a fre- 
quency fmpx then from (1 .) the optimum electrode separation 
&,,, can be calculated. For the given tripole: d,,,,,=v/2fW, 
(e.g., fmpx=2000 Hz, v=50 d s ,  then d,,,,plO mm). 

External signals are seen by all contacts in the cuff at the 
same instant. Here the recorded signal is a linear combina- 
tion of the voltage AV ac~oss  the two cuff-ends (see fig. 2) 

(idealized) 

Figure 2 Afield outside the cuff (Vateml) and the result- 
ing linear field inside the cuff (Vwe,nai). A balancing potenti- 
ometer is added to the outer electrodes. 

Ideally, if the cuff diameter is small compared with the 
length, the cuff linearizes the external field (note that be- 
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measured at 1 kHz. The dashed line gives the amplitude of 
the stimulus artifact with the outer electrodes interconnected. 
Figure 4 iliustrates the influence of cuff balancing on the 
recorded EMG. An unbalanced cuff clearly gives rise to a 
much higher EMG contamination of the signal. 

Cause of the electrode impedances -not drawn- the cuff is by 
no means short-circuited if the outer electrodes are con- 
nected). For a perfectly symmetrical tripolar configuration 
(including the electrode impedances) the signal of any exter- 
nal source will vanish. Any asymmetry, or capacitive wu- 
pling (also by the wires) will destroy this perfect attenuation. 
But part of the asymmetry may be reduced by adding a bal- 
ancing potentiometer to the outer electrodes (see fig. 2). 
Since this adds noise with an rms value of 9.3 n V / h  and 
this gives rise to a signal amplitude drop, values of the po- 
tentiometer should be below l ksz. 

METHODS 
Initial experiments were performed in New Zealand White 
rabbits to verify the strong influence of the cuff‘s balance on 
external signals. A 2 mm inner diameter and 20 mm long 
split cuff type [4] electrode was implanted around the tibial 
nerve. The rabbits were anaesthetized with dormicum 2 
mg/kg and hypnorm 0.3 mvkg subcutaneously. During an- 
aestesia supplementary doses hypnorm were administered. 
Cuff material was silastic and three platinum foil band elec- 
trodes of 2 mm wide were used with an electrode separation 
of 10 mm. Data were taken at day 5 after the implantation 
and the experiments were part of a more extensive protocol. 
The amplitude of the reflex EMG, due to mechanical stimu- 
lation (indentation) of the foot sole, and the amplitude of the 
stimulus artifact due to electrical stimulation with a bipolar 
electrode in the ankle were measured with the tripoIar cuff 
electrode. 

RESULTS 
In fig. 3 the absolute value of the amplitude of the stimulus 
artifact is drawn as a function of the potentiometer position. 
the potentiometer had a resistance of 100 0. 
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Figure 3 Stimulus artifact vs. potmeter position. 0: en- 
tirely left, I :  entirely right, 0.5: in the middle. Potmeter 100 
GI. Dashed line: value of stimulus artifact without potmeter. 

With the potentiometer it was possible to obtain a slight d e  
crease of the artifact (29 %). With the potmeter in the ex- 
treme positions the amplitude went up by approximately a 
factor 5. The signal amplitude, however, did not change 
more than 3 % over the full range. The resistance between 
the left outer electrode and the central electrode was 1.37 162 
and between the right and central electrode it was 1.43 kn, 
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Figure 4 Reflex-EMG contaminating the nene signal 
during mechanical stimulation. 

CONCLUSIONS 
It is possible to influence the recording of signals external to 
a tripolar cuff by balancing the outer electrodes, while this 
changes the recorded nerve signal only slightly. Although 
we have shown a relatively small improvement of the rejec- 
tion of external signals in the initial experiments the results 
encourge further investigation on the use of this method. 

For the neural signal the cuff electrode can be regarded 
as a signal-velocity dependent filter. For different signal 
propagation velocities the optimum electrode separations can 
be derived from equation (1 .) for given electrode configura- 
tions. It may also be possible to use equation (1 .) to design 
new electrode configurations for selective recording of sig- 
nals from nerve fibers within a given diameter (and thus 
propagation velocity) range. 
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