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Low-vol tage  potent ia ls  belonging to thin myel ina ted  f ibe r s  were  different ia ted f r o m  ins t ru-  
menta l  noise by the use  of a photoe lec t r ic  coherent  s torage  method and by the method of 
averaging  evoked potent ia ls  of a cutaneous ne rve  in the cat  us ing a BESM-3M computer .  The 
th resho lds  of exci ta t ion of these  f ibe r s  a re  h igher  than for  group A5 f ibe r s .  The conduction 
veloci ty  in them ranges  f r o m  14 to 2.5 m / s e c .  

Stimulation of m a m m a l i a n  cutaneous ne rves  in sufficient s t rength to produce exci ta t ion of all group 
A myel ina ted  ne rve  f ibe r s  leads to the appearance  of two c l ea r ly  different ia ted complexes  of evoked poten-  
t ia l s  on the record ing .  The f i r s t  cons i s t s  of h igh-ampl i tude  potent ials  of the group Aft nerve  f i be r s ,whose  
conduction veloci ty va r i e s  f r o m  80 to 30 m/ sec .  The second cons i s t s  of a m o r e  compact  potential  of the 
Group A5 nerve  f ibe r s  with a conduction veloci ty of 3 0 - 1 5  m/sec .  

G a s s e r  and Grundfest  [8] showed that the range of conduction veloci t ies  in nerve  f ibe r s  of the A5 
group l ies  between 23 and 19 m/sec .  Using the re la t ionship  between conduction velocity and d i ame te r  of 
the ne rve  f iber  [7], in the i r  r econs t ruc t ion  of the potent ia ls  of the Aft f ibe r s  they showed that nerve  f ibers  
f r o m  4 to 3.3# in d i a m e t e r  conduct impulses  at a veloci ty  of 2 3 - 1 9  m/ sec .  However,  his tological  inves-  
t igat ions of the saphenous ne rve  of the cat  demons t ra t ed  the exis tence  of nerve  f ibe r s  f r o m  1 to 5# in di-  
a m e t e r .  These w o r k e r s  postulated that because  of t e m p o r a l  d i spe r s ion  the action potentials  of smal l  
g roups  of the thinnest  ne rve  f ibe r s  could escape  the at tention of the inves t iga tor .  

Some w o r k e r s  desc r ibed  f ibe r s  conducting exci ta t ion at a veloci ty  of 4-9 m/sec ,  but only by r e c o r d -  
ing potent ia ls  under pa r t i cu la r ly  favorab le  conditions f r o m  the whole ne rve  t runk [6, 11]. 

The r e su l t s  of e lec t rophys io logica l  and his tological  invest igat ions  of single nerve  f ibe r s  of the saph- 
enous nerve  of the cat  conf i rmed  the exis tence  of myel ina ted  f ibe r s  1-2~ in d iamete r ,  and the range of 
conduction veloci t ies  in the A5 g r o u p w a s w i d e n e d t o 3 . 3  m/ sec  [4, 5, 9, 10]. 

Di f fe rences  in the r anges  of veloci t ies  of conduction of nervous  impulses  de te rmined  by record ing  
potent ia ls  f r o m  the intact nerve  and the single f iber  could be due to two causes .  The f i r s t  is that when r e -  
cordings  a re  taken f r o m  the whole nerve  t runk action potent ia ls  of smal l  groups of thin nerve  f ibe r s  a re  
bypassed  by unexcited f ibers ,  the connec t ive - t i s sue  sheaths  of t h e n e r v e ,  and blood ves se l s .  The second 
poss ib le  cause  is the high level  of in t r ins ic  noise of the e lec t ronic  ins t ruments ,  in which low-ampli tude 
potent ia ls  of the nerve  f ibers  a re  lost .  

The object  of this invest igat ion was  to a t tempt  to detect  myel ina ted  nerve  f ibe r s  with a slow conduc- 
t ion veloci ty  by record ing  evoked potent ia ls  of the whole ne rve  t runk.  

E X P E R I M E N T A L  M E T H O D  

Adult cats  w e r e  anesthet ized with hexobarbi ta l  (200 mg/kg),  and a cutaneous nerve  of the hind l imb 
(saphenous) was  d issec ted  f r o m  the inguinal fold to the knee joint. The p rox ima l  segment  of the nerve  was 
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Fig. 1. Different ia t ion of low-vol tage  potent ia ls  of myel inated 
f ibe r s  f r o m  ins t rumenta l  noise by averag ing  on a compute r  (A) 
and by photoelec t r ic  coherent  s torage  (]3) during superopt imal  
s t imulat ion of A5 f ibe r s .  In A: I and II) potent ia ls  of saphen- 
ous ne rve  with different  deg rees  of amplif icat ion.  Amplitude of 
s t imulat ing pulse 20 V, durat ion 0ol m s e c ,  t ime  m a r k e r  0 .Smsec ,  
ca l ib ra t ion  for  I) 250 #V, for  II) 50 #V; III) the same  potential  af-  
t e r  record ing  on magnet ic  tape;  IV) r e su l t  of averag ing  17 r e -  
sponses  of the nerve .  Time m a r k e r  2 m s e e .  In ]3: I) potential  
of ne rve  a f te r  clipping. Time m a r k e r  0.5 msec ,  ca l ibra t ion  100 
#V; II) r ecord ing  of 150 sweeps of osc i l loscope  b e a m  with br igh t -  
ness  modulated by action potent ial  of A f ibe r s  of the nerve;  III) 
r e su l t  of photomet ry  of r e c o r d  I I .  Time m a r k e r  2 m s e c .  Ar row 
indicates  s t imulat ion a r te fac t .  1) Potent ia l  of A/3 f ibers ;  2) po- 
tent ial  of A5 f ibers ;  3) potent ia ls  d i f ferent ia ted f r o m  noise and 
belonging to f ibe r s  with conduction ve loc i t ies  of :  for  AIV) 11.0, 
9.0, 7.1, and 5.9 m/sec ,  for  ]3III) 10.6, 8.3, 7.5, and 5.8 msec .  

p laced on s t imulat ing e l ec t rodes  and the distal  segment  on plat inum record ing  e lec t rodes .  The t i s sues  
surrounding the d issec ted  por t ion of the ne rve  were  sutured to a meta l  f r a m e .  The hollow thus fo rmed  was 
fil led with w a r m  aera ted  m i n e r a l  oil. The t e m p e r a t u r e  of the ne rve  was  kept constant  be tween 36 and 36~ 

The nerve  was  s t imulated with square  pulses  0.1 m s e c  in durat ion.  The amplitude of the s t imulat ing 
pulse was  chosen at the threshold ,  opt imal ,  and superop t imal  leve ls  for  exci tat ion of group A5 nerve  f ibe r s .  
F r o m  the record ing  e l ec t rodes  the nerve  potent ials  we re  led to the input of a type U]3P ! -02  ampl i f ie r .  

To dif ferent ia te  the low-ampl i tude action poten t ia l s  of the nerve  f r o m  ins t rumenta l  noise two methods 
of coherent  s torage  of s igna l s  with subsequent averag ing  were  used.  The f i r s t  method was by averag ing the  
evoked r e s p o n s e s  of the ne rve  with the B]~SM-3M compute r .  The pr inciple  of an analogous method of dif- 
fe ren t ia t ing  low-ampl i tude  action potent ia ls  of unmyel inated f ibe r s  of the infer ior  ca rd iac  ne rve  by means  
of a spec ia l ly  modified compute r  f r o m  ins t rumenta l  noise was  desc r ibed  previous ly  [3]. Evoked potent ials  
f r o m  the ne rve  were  amplif ied (Fig. 1A : I and II) and r eco rded  on magnet ic  tape (Fig. 1A : I I I )  with a c e r -  
ta in delay a f te r  the signal which se rved  as the r e f e r ence  point for  synchronous t r igger ing  of the computer .  
After  convers ion  of the whole r e co rd  f r o m  the analogue to the d i sc re t e  fo rm with a quantization f requency 
of 50 kHz each  consecut ive  signal  f r o m  the nerve  was added to i ts  p r e d e c e s s o r .  The resul tan t  data  s tored  
in this  way were  divided by the number  of ne rve  potent ia ls  fed into the compute r .  The curve  of the  averaged  
r e su l t s  was  r e c o r d e d  on the s c r een  of a ca thode - r ay  osc i l loscope  (Fig. 1A : IV). 

The second method of different ia t ing potent ia ls  f r o m  noise was  optical ,  using a photoelec t r ic  coher -  
ent s to rage  device [1] used in conjunction with a type S1-18 ca thode - r ay  osc i l loscope .  After  max ima l  am-  
pl if icat ion with the UBP 1-02 ins t rument  the h igh-vol tage  evoked potent ia ls  f r o m  the ne rve  were  clipped 
in ampli tude (Fig. 113 : I) and led to the b e a m  br igh tness  modulat ion input of the osc i l loscope.  With each 
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Fig. 2. Low-vol tage potent ia ls  of cutaneous ne rve  dist inguished f r o m  noise 
by means  of a computer"  I} in r e sponse  to threshold  (0.1 V) and II) to op- 
t ima l  (1 V) s t imulat ion of A6 f ibe r s .  Ar row is a r t e fac t  of stimulation= 1) 
potential  of Aft f ibers ;  2) potent ial  of A5 f ibers ;  3) potent ia ls  of f ibe r s  with 
veloci t ies  of 14.8 and 10.0 m/ sec  for  I and 10.4, 9.0, and 8.1 m/sec  for  II, 
dist inguished f r o m  noise.  

Fig. 3. Dis t r ibut ion of conduction veloci t ies  in thin myel inated f ibe r s  of cu-  
taneous ne rve  by evoked potent ials .  C i rc l e s  show conduction velocity in m o -  
dal group of A6 f ibers ;  plus signs show conduction veloci ty  in f i be r s  dist in-  
guished with the aid of the photoelec t r ic  s to rage  device;  t r i ang les  show the 
s ame  dist inguished by a compute r .  In all  c a s e s  nerve  s t imulated at superop-  
t ima l  s t rength.  Absc i s sa ,  conduction veloci ty  (in m/sec)  ; ordinate ,  No. of 
exper imen t .  

succes s ive  s t imulat ion of the ne rve  the osc i l loscope  b e a m  was  displaced in a ve r t i ca l  direct ion.  Up to 150 
sweeps  of the beam,  the b r igh tness  of which was  modulated by the evoked action potentials  of the A f ibers  
of the nerve ,  w e r e  thus r eco rded  on the s c r een  (Fig. 1B : I I ) .  The s tored  data we re  p r o c e s s e d  by photo- 
m e t r i c  examinat ion of the image using a na r row ve r t i ca l  spli t  moving in the plane of the t ime  axis  
(Fig.  IB :III). 

The conduction veloci ty in the ne rve  f ibe r s  was  de te rmined  by calculat ing the dis tance f r o m  the s t im-  
ulat ing cathode to the f i r s t  r ecord ing  e lec t rode  and the la tent  per iod f r o m  the a r te fac t  of s t imulat ion to the 
max ima l  deflection of the action potential  studied. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Using the o rd ina ry  method of r ecord ing  potent ia ls  (Fig. 1A : I) the conduction veloci ty in the modal 
group of myel inated A 6  f ibe r s  of the cat  saphenous ne rve  in these  expe r imen t s  lay between 28 and 14 m/see .  

During s t imulat ion of the ne rve  by pulses  of th reshold  s t rength  for  A6 f ibe r s ,  one or two potent ials  
with conduction veloci t ies  of about 10 m / s e c  could be dist inguished f r o m  noise (Fig. 2 : I ) .  If the nerve  was  
s t imulated at opt imal  s t rength  for  exci ta t ion of group A6 f ibe r s  (amplitude of s t imulat ing pulse 5-8 t imes  
above threshold}, potent ia ls  of the ne rve  f iber  with conduction veloci t ies  below 10 m/ sec  were  dist inguished 
f r o m  noise (Fig. 2 : I I ) .  Stimulation of the ne rve  at superop t imal  s t rength  (15-20 t imes  above threshold} 
resu l ted  in the different ia t ion of act ion potent ia ls  f r o m  f ibe r s  with conduction veloci t ies  of 5 m/ sec  or  be-  
low f r o m  noise (Fig. 1A : IV). In some expe r imen t s  potent ia ls  of ne rve  f ibe r s  with conduction veloci t ies  
as low as 2.5 m/sec  were  dis t inguished (Fig. 3). The p r ec i s e  values  of the threshold  of exci tat ion of nerve  
f i be r s  of s m a l l e r  d i a m e t e r  than the A6 group were  not invest igated.  However ,  with an inc rease  in the 
s t rength  of s t imulat ion of the ne rve  the number  of nerve  f ibe r s  of s m a l l e r  d i ame te r  involved in the exci ta-  
t ion inc reased ,  and this points to d i f fe rences  in the threshold  of exci tat ion.  

The cons iderable  s ca t t e r  of the conduction veloci t ies  in the modal  groups of A8 f ibe r s  (Fig. 3) c a n  
be explained by d i f fe rences  in the age and individual c h a r a c t e r i s t i c s  of the an imals  [2]. The r e su l t s  of dif- 
fe rent ia t ion  of low-ampl i tude action potent ia ls  f r o m  ins t rumenta l  noise also indicate cons iderable  sca t t e r  
of the conduction veloci t ies  and evident d i s ag reemen t  between the method of averaging  of the compute r  and 
the optical  method.  
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One reason for disagreement between the conduction velocities obtained may be drift of the potentials 
during processing. The drift with the computer averaging method is caused by unavoidable instrumental 
e r r o r :  delay of the stimulating pulse behind the pulse synchronizing triggering of the computer, and er-  
rors  arising during analogue-digital conversion with transformation of the signal from the analogue to the 
discrete form. Drift of action potentials distinguished from noise by the optical method is also due to un- 
avoidable instrumental e r ro r s ,  e r r o r s  of measurement,  and nonlinearity of storage on the photographic 
method. 

Since a large quantity of initial data is used with both methods, despite these unavoidable e r ro r s  
mentioned above,the final results are statistically significant. 
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