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Injuries to the auditory nerve: a study in monkeys 
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Summary The effect of traction injury to the eighth nerve on the compound action potentials (CAPs) recorded from the 
exposed nerve in response to tonebursts and click sounds was compared to responses elicited by continuous tones and noise that were 
amplitude-modulated with pseudorandom noise. Responses to the continuous sounds were presented in the form of cross-correlo- 
grams between the averaged response, with the averager locked to the periodicity of the noise and one period of the noise. While the 
wave form of these cross-correlograms was similar to the wave form of the response to the same, but unmodulated, stimulus when 
presented in short bursts when the nerve was intact, these two measures changed in different ways as a result of slight injury to the 
nerve. Thus, the N~ peak of the CAP in response to clicks and tones or noisebursts became prolonged when the nerve was stretched, 
while the first peak in the cross-correlograms was essentially unchanged. The second peak in the cross-correlogram was obliterated, 
but the N 2 peak in the CAP was clearly present, although attenuated. More severe injury resulting in a nearly total conduction block, 
however, produced similar changes in the CAPs and cross-correlograms. 
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In  previous studies we correlated changes in 
auditory nerve compound  act ion potentials  (CAPs) 

caused by slight in jury to the audi tory nerve in 
dogs (Sekiya and  Moller 1987a) and monkeys  
(Sekiya and  M~ller 1987b, 1988) with histological 
changes in the audi tory nerve. In  the present  
study, we compare CAPs recorded from the eighth 
nerve in monkeys in response to clicks and tone- 
bursts with cross-correlograms of the response to 
cont inuous  pseudorandom noise, and to tones and 
noise that were ampl i tude-modula ted  with pseu- 
do random noise before and  after surgical man ipu-  
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lat ion of the eighth nerve. We used data  analysis 
techniques similar to those used in our previous 
studies (Moller  1973, 1974, 1983a, 1987). 

Our  earlier studies have shown that the wave 
forms of correlograms of the responses from the 
audi tory nerve and  the cochlear nucleus are simi- 
lar to the CAPs ob ta ined  in response to tonebursts  
or clicks (Moller 1981a, b, 1985, 1987). However, 
there are certain impor tan t  differences between 
the results obta ined  when cont inuous  noise is used 
as the st imulus and  when transient  sounds are 
used as stimuli. For  example, the latency of the 
cross-correlograms of the response to cont inuous  
sounds does not  decrease when st imulus intensi ty 
is increased, as does the latency of the CAP in 
response to such t ransient  sounds as clicks and 
tonebursts.  This is advantageous when conduct ion  
times in neural  pathways are studied, and this 
feature of the method has been useful in studies of 
the peripheral  audi tory system (M~ller 1975, 1985). 
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val  was 80/~sec, and  the response  to one  pe r iod  of  
the  p s e u d o r a n d o m  noise con ta ined  2048 da ta -  

points .  

R e s u l t s  

The  results  of  the  presen t  s tudy  are  based  on  
in te rp re ta t ion  of  recordings  m a d e  in 8 monkeys .  
In  Fig. 1, the wave forms of  the  response  f rom an  
in tac t  aud i to ry  nerve in a m o n k e y  to toneburs t s  
and  clicks are  shown, a long with  the cross-corre lo-  
g rams  of the responses  to tones that  were ampl i -  
t ude -modu la t ed  wi th  p s e u d o r a n d o m  noise. In  ad-  
di t ion,  Fig. 1 shows a c ross -cor re logram of  the  
response  to the p s e u d o r a n d o m  noise  itself. I t  m a y  
be  seen that  the responses  to toneburs t s  and  clicks 
of  the in tac t  aud i to ry  nerve have 2 negat ive  peaks  
(N 1 and  N 2 )  , and  that  the wave  forms of  the  
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Fig. 3. Typical responses to rarefaction clicks recorded from 
the distal part of the eighth nerve (EP) before (solid lines) and 
after (dashed lines) stretching of the eighth nerve in another 
monkey, shown with the cross-correlograms of the response to 
continuous amplitude-modulated noise (CC) obtained at about 
the same time as the CAP (EP) before (solid line) and after 
(dashed line) the eighth nerve was injured by traction. The 
intensity of the tones was 92 dB SPL and that of the clicks was 

107 dB pe SPL. 
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Fig. 4. Comparison of evoked potentials (El)), obtained in 
another monkey, recorded from the dghth nerve near the 
porus acusticus (dashed lines) and near the brain-stem (solid 
lines) using click stimuli and noisebursts together with cross- 
corre]ograms of the response to amplitude-modulated noise 
(CC). The intensity of the noise was 82 dB SPL and that of the 

clicks was 107 dB pe SPL. 

responses  to toneburs t s  a re  s imi lar  to the corre lo-  
g rams  of  the  responses  to the  no i s e -modu la t e d  5 
k H z  tone.  The  c ross -cor re logram of  the response  
to the p s e u d o r a n d o m  noise  i tself  has  3 ma in  peaks ,  
wi th  the first  peak  be ing  p receded  b y  a smal l  
add i t iona l  peak.  The  far-f ie ld  responses  r ecorded  
f rom the scalp before  the beg inn ing  of  the oper-  
a t ion  were c o m p a r e d  to those at  the t ime of  these 
recordings  to ensure  that  the  nerve was no t  in- 
j u r e d  dur ing  nerve exposure.  

Slight re t rac t ion  of  the e ighth  nerve caused  
widening  of  the N 1 peak  of  the  C A P  in response  
to toneburs t s  and  no iseburs t s  (Fig.  2A) and  a 
reduct ion  in a m p l i t u d e  of  the  N 2 peak  which  
a p p e a r e d  supe r imposed  on  the long tai l  of  the  N 1 
peak  af ter  the injury.  However ,  the  first  peak  of  
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the cross-correlogram of the response to ampli- 
tude-modulated sounds was nearly unchanged 
(Fig. 2B), while the second peak in the cross-corre- 
logram was practically eliminated. Before injury, 
the wave forms of the responses to tonebursts and 
the cross-correlograms of the responses to ampli- 
tude-modulated tones were similar, but after in- 
jury there was a large difference between the wave 
form of the CAP and that of the cross-correlo- 
gram. 

Fig. 3 shows both the change that occurred in 
the CAP in response to click sounds and the 
change that occurred in the cross-correlograms as 
a result of injury to the auditory nerve. In this 
animal, the injury was more severe, and it caused 
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Fig. 5. C o m p o u n d  action potentials  (EP) and cross-correlo- 
grams (CC) obtained from the distal part of  the eighth nerve in 
the same animal  as shown in Fig. 4, shown with the results 
obtained before (dashed lines) and after (solid lines) retraction. 

The stimuli  were the same as in Fig. 4. 
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Fig. 6. Results  s imilar to those shown in Fig. 5, but recorded 
from the proximal  part of  the eighth nerve. 

the CAPs from rarefaction clicks to change to a 
large positive deflection followed by a small N 1 
peak. This injury reduced the cross-correlograms 
of the response to noise-modulated noise to nearly 
a single positive peak (Fig. 3). 

Responses to clicks and sound bursts obtained 
from the auditory nerve at a location near the 
porus acusticus and also from the nerve close to 
the brain-stem were different in several ways. For 
example, there was a slight decrease in the latency 
of the N 1 peak when the electrode was moved 
from a proximal to more distal location on the 
nerve. In addition, the amplitude of the second 
peak increased while its latency remained the same, 
and that change was most evident when noise was 
used as the stimulus. A similar change may also be 
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seen in the correlograms of the responses to con- 
tinuous noise that was amplitude-modulated with 
pseudorandom noise (Fig. 4). Thus, the wave form 
of the responses to noisebursts was similar to that 
of the cross-correlogram of the responses to am- 
plitude-modulated noise, both when the re- 
cordings from the nerve were made at a location 
near the porus acusticus and when they were made 
at a location close to the brain-stem. 

After retraction, the latency of the N 1 peak of 
the potentials recorded at a distal location in 
response to clicks or noisebursts increased, the N 1 
peak broadened, and there was a marked decrease 
in the amplitude of the second peak (N2) (Fig. 5). 
The trough between the two peaks was much 
smaller after retraction and the second peak ap- 
peared only as a small hump on the tail of the N1 
peak, similar to what was seen in Fig. 2. The 
correlograms of the responses recorded near the 
porus acusticus to noise-modulated continuous 
noise showed changes similar to those shown in 
Fig. 1, with little or no change in the latency time 
of the first peak and only a slight increase in the 

width of the first peak, but with obliteration of the 
second peak. 

The potentials recorded from a proximal loca- 
tion on the eighth nerve changed dramatically as a 
result of retraction (Fig. 6). The potentials evoked 
by clicks and noisebursts changed from being 
negative deflections with two distinct peaks pre- 
ceded by a small positivity before retraction to 
broad, positive potentials. These changes indicate 
that there was an almost complete conduction 
block in the eighth nerve, and that this block was 
located somewhere between the two recording lo- 
cations. The cross-correlograms of the responses 
to amplitude-modulated noise recorded from the 
proximal part of the auditory nerve showed a 
similar change, as did the responses to noise- 
bursts. 

The responses to 5 kHz tonebursts at 3 differ- 
ent intensities, and correlograms of the responses 
to a 5 kHz amplitude-modulated tone at the same 
3 different intensities (Fig. 7), show a similar 
pattern of change. While the 2 negative peaks in 
the potentials evoked by short tonebursts became 
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Fig. 7. Responses to 5 kHz tonebursts (EP) before (solid fines) and after (dashed lines) retraction of the eighth nerve for 3 different 
sound intensities (given in dB SPL as legend numbers), together with cross-correlograms (CC) of the responses to amplitude-mod- 

ulated 5 kHz tones obtained in the same way. 
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fused with a small latency shift of the N1 peak 
after retraction, the initial peak in the cross-corre- 
lograms was almost unchanged. However, the sec- 
ond peak became attenuated or was virtually ab- 
sent as a result of retraction. This is similar to 
what can be seen in Figs. 2-6. Retraction also 
resulted in a slight increase in the latency of the 
first peak in the correlogram. 

Discussion 

The results of this study show that the 
cross-correlograms of the responses to continuous 
sounds change in a different way than responses 
to tonebursts and click sounds from surgical 
manipulation of the eighth nerve. Thus, while the 
N1 peak in the response to tonebursts or clicks is 
widened and fused with the second peak (N 2) and 
there is a prolonged negativity following the sec- 
ond peak, the first peak in the cross-correlograms 
remains nearly unchanged after the nerve is 
stretched. The consequence of this is that the wave 
forms of the CAPs and of the cross-correlograms 
are different when recorded from a slightly injured 
nerve, whereas they are nearly identical when re- 
corded from a normal nerve. The reasons for these 
observations are not obvious. The generator of the 
second peak in the cross-correlogram (as well as 
the N 2 peak in the CAP) is assumed to be the 
cochlear nucleus (Moller 1983b), and the decrease 
in amplitude in the second peak in the CAP as 
well as in the correlograms may be explained by a 
decrease in the number of auditory nerve fibers 
that conduct activity to the cochlear nucleus. 

The broadening of the N 1 peak in the CAP, on 
the other hand, may result from dispersion of 
neural activity caused by larger differences in con- 
duction velocity of individual nerve fibers in the 
auditory nerve. However, this broadening could 
also result from prolongation of the wave forms of 
the discharges in the individual nerve fibers. Both 
of these hypotheses seem to be contradicted by the 
finding that the first peak in the cross-correlogram 
is nearly unchanged in the slightly injured nerve 
while the N 1 peak in the CAP is broadened. Since 
the cross-correlograms are assumed to represent 
the summation of neural discharges in many nerve 

fibers analogous to the CAPs in response to tran- 
sient sounds, a change in the wave forms of indi- 
vidual neural discharges should affect the wave 
forms of the cross-correlations in ways similar to 
how the CAP is affected. If the change in wave 
form of the CAP was a result of temporal disper- 
sion of discharges in individual nerve fibers, then 
the wave forms of the cross-correlograms would 
most likely change in a similar way. A more 
plausible hypothesis would be that the slightly 
injured nerve fibers that conduct somewhat more 
slowly than intact nerve fibers are not capable of 
sustaining a response to continuous stimulation 
and, therefore, do not respond to continuous 
sounds. That is, the cross-correlograms only repre- 
sent the neural activity in intact nerve fibers. 

When nerve injury is so severe that the CAP 
recorded in response to clicks and tonebursts indi- 
cates nearly total conduction block, the wave forms 
of both the CAPs and the cross-correlograms re- 
flect the 'cut end' responses of the nerve fibers. 

It is interesting that the wave form of the CAP 
recorded from the injured auditory nerve in re- 
sponse to tonebursts differs much more from the 
wave form of the cross-correlograms of the re- 
sponses to amplitude-modulated tones and noise 
than it does from the wave forms of normal nerve. 
These results indicate that a slightly injured nerve 
responds fundamentally differently to transient 
and continuous stimuli, and it may indicate that 
the responses to continuous test sounds are more 
sensitive to changes in neural conduction than the 
response to transient sounds. Further, this shows 
that the method used in the present study may be 
superior to that using transient sounds as stimuli 
when the purpose is to detect small abnormalities 
in neural conduction. However, more studies are 
needed before any definite conclusions can be 
made in this respect. 

The changes in wave forms of the CAPs and 
the cross-correlograms that occur when the re- 
cording electrode on the eighth nerve is moved 
from a location near the porus acusticus (distal) to 
a location near the brain-stem (proximal) are al- 
most identical. The prolongation of the latency of 
the earliest peak in the cross-correlogram and the 
CAP is likely to be a result of the longer traveling 
time of activity in the eighth nerve. That there is 
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n o  p r o l o n g a t i o n  in  the  l a t ency  of  the  s e c o n d  p e a k  

w h e n  the  r e c o r d i n g  e l e c t r o d e  is m o v e d  ind i ca t e s  

tha t  this p e a k  is g e n e r a t e d  by  a s t a t i o n a r y  source ,  

p r o b a b l y  the  c o c h l e a r  nuc l eus  ( M o i l e r  1983b).  T h e  

inc rease  in  its a m p l i t u d e  is l ike ly  to  b e  a resu l t  of  

the  r e c o r d i n g  e l e c t r o d e  b e i n g  p l a c e d  c lose r  to  the  

source  o f  this  peak .  

This work was supported by a grant from the National 
Institutes of Health (No. R01 NS21378-04). 
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