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By means  of a photoelectric coherent  accumulation method and by averaging evoked poten- 
t ials  of a ca t ' s  cutaneous nerve on a type BEStV[-3M computer  fibers conducting excitation 
at velocit ies of 0.24 m / s e c  and below were found. The amplitude of these potentials ranged 
f rom 3 to 0.05~V. Excitation thresholds of fibers with the slowest conduction velocities 
were  9 to 15 t imes higher than the excitation thresholds of the modal group of unmyelinated 
nerve  f ibers .  

Measurement  of conduction velocities f rom the resultant  action potential in unmyelinated fibers of 
various mammalian  nerves  shows that they conduct impulses with velocities of between 2.3 and 0.7 m / s e c  
[10, 15, 16, 19]. The range of conduction velocities measured  in single unmyelinated fibers is ra ther  wider:  
f rom 2.5 to 0.3 m / s e c  [6, 7, 9, 11-13]. Under favorable conditions of recording from an intact nerve trunk, 
it has somet imes  [8] proved possible to r ecord  low-amplitude action potentials of unmyelinated fibers with 
a conduction velocity of 1.3-0.35 m / s e c .  These differences in the velocit ies of conduction of impules in un- 
myelinated nerve  fibers are explained by shortcomings in the methods used to record  resultant  potentials 
f rom the intact nerve trunk, so that potentials of small  groups are shunted by unexcited t issues and masked 
by apparatus noise .  When methods improving the s ignal-noise ratio were used, the existence of afferent un- 
myelinated fibers with conduction velocities of 0.8-0.2 m / s e c  was demonstrated in recordings  of the evoked 
response of the inferior  cardiac  nerve of the cat [4, 5]. 

The object of the present  investigation was to study the range of conduction velocities of unmyelinated 
nerve  f ibers in the ca t ' s  saphenous nerve by methods improving the s ignal-noise rat io in the neurogram of 
the evoked response  of the nerve .  

EXPERIMENTAL METHOD 

Adult cats were anesthetized with hexobarbital (0.2 g/kg) and the medial cutaneous nerve of the hind 

limb (the saphenous nerve) was dissected in the region of the inguinal fold and the knee joint. Stimulating 

and recording platinum electrodes were placed respectively on the proximal and distal segment of the nerve. 

Tissues surrounding the dissected portion of the nerve were sutured to a metal frame. The hollow thus 

formed was filled with warm aerated mineral oil. The temperature of the nerve was kept constant between 

36 and 38~ The nerve was stimulated by square pulses 1 msec in duration, The amplitude of the stimu- 

lating pulse was chosen to be either threshold, maximal, or supermaximal in strength for producing excita- 

tion of unmyelinated fibers. Potentials of the nerve were led from the recording electrodes to the input of 
a type UBPI-02 amplifier. 

To distinguish low-amplitude nerve potentials from apparatus noise two methods of coherent accumu- 

lation followed by averaging were used. The first method was averaging the evoked responses of the nerve 

with the BESM-3M computer. Evoked potentials of unmyelinated fibers were recorded on magnetic tape by 
a frequency modulation method with a fixed delay after the reference signal, synchronizing the work of the 
program of accumulation and averaging of the nerve responses .  Before being fed into the computer ,  the 
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Fig. 1 Fig. 2 

Fig.  1. Results of computer  analysis of resul tant  action potentials of unmyelinated nerve fibers 
of the cat saphenous nerve:  I) resultant  action potential of unmyelinated nerve fibers (amplitude 
of stimulating pulse 15 V, supermaximal  stimulation, duration 1 msec); II) resul t  of averaging 
102 evoked potentials to threshold stimulation of unmyelinated fibers (amplitude of stimulating 
pulse 1.5 V, duration 1 msec); III) resul t  of averaging 98 evoked potentials to stimulation of un- 
myelinated fibers with maximal  s t rength (amplitude of stimulating pulse 5 V, duration 1 msec); 
IV) averaging of 151 evoked potentials of the nerve to stimulation of unmyelinated fibers at super-  
maximal s trength (strength of stimulation 15 V, duration of stimulating pulse 1 msec).  Arrow 
indicates time of stimulation. 1) Action potential of unmyelinated f ibers .  Conduction velocity:  
I) 1.19; II) 1.14; l id 1.15; IV) 1.17 m / s e c .  2) Potentials  distinguished from noise, with conduc- 
tion velocities of: IID 0.96, 0.83; IV) 0.96, 0.85, 0.78, 0.71, 0.67, 0.64, 0.60, 0.56, and 0.49 m /  
sec.  3) Potentials  of f ibers with conduction velocities of 1.52, 1.62, 1.69, and 2.65 m / s e c .  
Calibration for I) 10#V, time marke r  10 msec.  Calibration for II, III, and IV) 1 ~tV,time marke r  
20 msec.  

Fig.  2. Results of distinguishing action potentials of unmyelinated fibers f rom apparatus noise 
by means of a photoelectric s torage device. 1) Action potentials of unmyelinated f ibers .  Arrow 
indicates time of stimulation; 2) potentials of unmyelinated fibers with conduction velocities of 
1.7 and 1.41 msec.  Strength of stimulation of unmyelinated fibers supermaximal .  Amplitude 
of st imulating pulse 20 V, duration 1 msec.  Time marke r  10 rnsee. Calibration 20~V; I1) 
r ecord  of 150 sweeps of oscil loscope beam, br ightness-modulated by action potential of unmyel -  
inated f ibers;  III) resul t  of photometric analysis of preceding f rame (II). 3) Potentials with con-  
duction velocities of 1.07, 1.04, 0.95, 0.85, 0.77, 0.70, and 0.56 m / s e c .  Time marke r  10 msee.  

nerve  potentials were converted from the analog into the discrete  form.  The curve of averaged resul ts  was 
recorded from the screen  of a ca thode- ray  osci l loscope.  

The second method of distinguishing weak nerve  signals f rom noise was an optical method using a 
photoelectric coherent  s torage element [3] mounted on the base of a ca thode- ray  osci l loscope.  After ampli-  
fication, the nerve  potentials were led to the brightness modulation input of the osci l loscope.  With each 
success ive  st imulus applied to the nerve  the beam was displaced ver t ical ly .  F rom 50 to 150 sweeps of the 
beam, its brightness modulated by the evoked action potential of the nerve,  were thus recorded  on the osc i l -  
loscope sc reen .  The s tored data were analyzed by photometric investigation of the result ing pattern by 
means of a na r row vert ical  slit moving in the plane of the t ime axis. 
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The velocity of conduction in the nerve fibers was determined by the ratio of the distance between the 
stimulating cathode and the f i rs t  recording electrode to the duration of the latent period from the stimulation 
ar tefact  to the maximal  negative deflection (the modal conduction velocity) of the investigated component of 
the action potential.  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

These experiments  showed that the range of conduction velocities in modal groups of unmyelinated 
fibers was between 1.8 and 0.8 m / s e c .  The resultant  action potential of the unmyelinated fibers (Fig. 1: 
I, 1) often had two (C! and C~ according to Douglas and Ritchie [1]) and somet imes  three  negative potentials 
(Fig. 2: I). The action potential of the C~ fibers had a conduction velocity of 1.8-1.0 m / s e c ,  and of the C 2 
fibers 1.2-0.8 m / s e c .  With stimulation of the nerve at threshold strength averaging of the resul tant  action 
potentials of the unmyelinated fibers by the computer  and coherent  photoelectric s torage element led to the 
detection of f ibers whose action potentials have a lower limit of their  conduction velocit ies within the range 
f rom 0.8 to 0.9 m / s e c  (Fig. 1: II). 

Increas ing the s t rength of stimulation to obtain the maximal amplitude of the C-potential  (amplitude 
of the stimulating pulse 3-5 t imes above threshold) enabled low-amplitude potentials with conduction velo-  
cities down to 0.5 m / s e c  to be distinguished from noise (Fig. 1: III). 

With a supermaximal  strength of stimulation of the unmyelinated fibers (amplitude of the stimulating 
pulse 9-15 t imes  above threshold) a maximal number of potentials with a slower conduction velocity than 
the modal group of C-f ibers  was recorded in the neurogram of the averaged resultant  action potential (Figs. 
1: IV and 2: III). The conduction velocity in the slowest-conducting fibers with this s t rength of stimulation 
was 0.24-0.3 m / s e c  (Fig. 3). 

No c lear  line could be drawn between the thresholds of excitation of nerve  f ibers with conduction velo-  
cit ies of between 0.8 and 0.24 m / s e c ,  but most  potentials with a slow conduction velocity were recorded  dur -  
ing stimulation of supermaximal  strength for the C- f ibe r s .  This confirms that the slowest conducting un- 
myelinated f ibers have thresholds of excitation f rom 9 to 15 t imes higher than f ibers constituting the modal 
group.  

The amplitude of action potentials, isolated from apparatus noise, of fibers with both higher and lower 
conduction velocit ies than that of the modal group of unmyelinated f ibers was from 3 to 0.05~V. Potentials  
of f ibers with the slowest  conduction velocity (0.5-0.24 m / s e c )  had an amplitude of between 0.2 and 0.05~V. 

In some experiments  in which stimulation of supermaximal  s trength was applied to the nerve,  poten- 
tials with conduction velocit ies of between 1.8 and 6 m / s e c  were distinguished from apparatus noise (Fig. 1: 
IV and Fig. 3). Considering that unmyelinated fibers have a maximal  conduction velocity of 2.5 m / s e c  [13], 
within the range from 2.5 to 6 m / s e c  potentials f rom myelinated nerve fibers must  have been recorded  [2]. 
The wr i te rs  previously [2] descr ibed potentials, distinguished from apparatus noise,  ar is ing in the cutane- 
ous nerve  of a cat in response  to supermaximal  stimulation for myelinated f ibers .  They had conduction 
velocit ies of between 80 and 2.5 m / s e c .  Action potentials conducted with velocit ies of between 6 and 0.24 
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Fig. 3. Distribution of potentials,  distinguished 
f rom noise,  by conduction velocity (results of 30 
experiments) .  Abscissa ,  conduction velocity (in 
m / s e c ) ;  ordinate,  number  of potentials found (in 
percent) .  

m / s e c  are  descr ibed in this paper.  It can therefore  
be concluded that the cutaneous ne rve  of the cat con-  
tains a continuous distribution of conduction velocities 
f rom 80 down to 0.24 m / s e c .  P resumab ly  there is 
some part ial  overlapping of conduction velocities be-  
tween the thinnest myelinated and the thickest  un-  
myelinated nerve  f ibers .  This hypothesis in in agree -  
ment with the resu l t s  of investigations showing over -  
lapping of conduction velocities and diameters  of 
myelinated and unmyelinated nerve  fibers [14, 17, 18]. 

The differentiation of action potentials with con-  
duction velocities of 0.8-0.2 m / s e c  [4,5] in autonomic 
nerves  and of low-amplitude action potentials of m y -  
elinated and tmmyelinated nerve  fibers of a cutaneous 
nerve  f rom apparatus noise suggests  that f ibers with 
such a low conduction velocity also exist in other ne rves .  
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