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Though peripheral conduction velocity is widely used to characterize afferent 
fibers according to somatosensory modality, disagreement exists as to whether or not 
conduction velocity varies along such an axon's length. Therefore, in this experiment, 
conduction velocities were measured over very short axonal segments (7.5 to 15 
mm) within the posterior tibia1 nerve, sciatic nerve, and L7 dorsal root, using the 
method of spike-triggered averaging of neurograms recorded from tripolar electrodes. 
The conduction velocities for several units were also determined using electrical 
stimulation, so that the accuracy of the two techniques could be compared. For 
most units, dorsal root and sciatic nerve conduction velocities were not significantly 
different; however, they were not tightly correlated. Tibia1 nerve conduction velocity 
averaged 86% of that within the sciatic nerve. Variations in sciatic nerve conduction 
velocity within adjacent axonal segments (9 mm in length) rarely exceeded experimental 
error. It appears that spike-triggered averaging of signals from tripolar electrodes 
separated 15 mm or more apart is a more accurate method for measuring conduction 
velocity than electrical stimulation, which was subject to several large errors. @ 1984 
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I INTRODUCTION 

The conduction velocity of an action potential in peripheral nerve has 
been used widely to characterize afferent fibers and subdivide somatosensory 
modalities. However, disagreement exists as to whether or not conduction 
velocity is constant along the entire length of primary somatosensory axons 
in cats. In comparing the conduction velocities of single myelinated fibers 
within the peripheral nerve with those of the dorsal root, some investigators 
have reported a decrease centrally (95, 14, 19), whereas others report no 
change (4) or even an increase (27). Many authors report a decrease in 

! Abbreviation: DRG-dorsal root ganglion. 
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CONDUCTION VELOCITY 

conduction velocity within the ascending spinal columns (2, 4, 6, 7, 13, 18, 
26, 27). A decrease in conduction velocity for fiber portions within the 
extreme periphery has also been reported (6, 7). 

, . Most previous investigators, with the exception of Kirkwood and Sears 
(4), used electrical stimulation to determine conduction velocity, and 
determined the velocity only for relatively long, anatomically heterogeneous 

. . segments. In the present study, conduction velocities were determined for 
several intervals at different loci along each axon using spike-triggered 
averaging of neurograms recorded from tripolar electrodes (12). The con- 
duction velocities for several units were also determined using electrical 
stimulation and the two techniques were compared for precision and 
accuracy. Particular attention was given to identifying factors influencing 
the validity of tripolar averages, a technique uniquely suited to characterizing 
units in chronically implanted animals. 

MATERIALS AND METHODS 

Eighteen male or female cats were anesthetized (30 mg/kg, i.p.) and 
maintained with sodium pentobarbital (i.v.), and placed in a stereotaxic 
frame throughout the course of surgery (laminectomy, peripheral nerve 
exposure) and subsequent experimentation. Six or nine nerve hook contacts 
(0.010-in. platinum wire, California Fine Wire Co., Grover City, Calif., on 
a nonreinforced Silastic carrier sheet, No. 500-1, Dow Corning Corp., 
Midland, Mich.) spaced 2.5 mm apart were placed about the intact L7 
dorsal root, as close to the dorsal root ganglion (DRG) as possible for a 
given cat. The distance between the most distal dorsal root electrode and 
the center of the DRG was 11 to 15 mm. The electrodes formed two or 
three sets of tripolar recording electrodes (Fig. 1A). A nerve cuff consisting 
of 6 or 12 stainless-steel stranded wires (No. AS-631, Cooner Wire Co., 
Chatsworth, Calif.) 5.0 or 3.0 mm apart, respectively, was placed about the 
sciatic nerve (between the muscular nerve branch and the tibial-peroneal 
bifurcation), and formed two or four tripolar recording sets. In some 
experiments, a 12-electrode nerve cuff was also placed about the posterior 
tibial nerve (Fig. 1A). The in situ impedance between adjacent contacts in 
each nerve cuff or dorsal root array was 1 to 5 kQ at 1 kHz. 

, The exposed dorsal root and hook electrodes were immersed in a pool 
of paraffin oil (Fisher Scientific Co., Fairlawn, N.J.) which was thermostat- 
ically maintained at 37.5 f 0.5OC by an infrared heat lamp. A second 

. temperature probe was placed within the leg incision (near the sciatic and 
tibial cuffs) to monitor local temperature, and the incision was closed with 
wound clips. Rectal temperature was also monitored and maintained at 36 
to 38OC by a circulating water heating pad placed under the animal. The 
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electrodes [Parylene-insulated, 1 to 2 MQ impedance at 1 kHz; see (20)] 
were positioned, one behind the other, along the line of impulse propagation, 
and then simultaneously inserted with a dual micromanipulator (Narashige, 

. . Model 2122, Tokyo, Japan). Differential recordings were made from these 
electrodes using a high-impedance amplifier with a common mode rejection 
of 80 dB at 1 kHz. Single-unit activity was evoked by manipulating the 

. . lower leg, which was fixed above the knee with a femur clamp. Single units 

I window discriminator (1). 
The latency between two adjacent sets of tripolar electrodes was measured 

discriminated from the DRG microelectrode as a trigger (see Fig. 1B). The 
occurrence of an averaged unit potential was taken as the time of the peak I 
of the large negative deflection of the triphasic potential. The distance 
between the central electrodes of adjacent tripolar sets was 7.5 mm for the 
dorsal root nerve hooks and either 15.0 mm or 9.0 mm for the nerve cuff 
around the sciatic and tibial nerves (when 6- or 12-electrode cuffs were 
used, respectively). 

One, two, or three incremental conduction velocities within a cuff or 

from a 12-electrode nerve cuff. In addition, an average conduction velocity 
through an entire nerve cuff or hook electrode array could be obtained by 

segments between the dorsal root hook electrodes and the DRG microelec- 
trode, or between the DRG microelectrode and the sciatic nerve cuff, or 
between the sciatic and tibial nerve cuffs (i.e., over long segments outside 
the cuffs or arrays) could be obtained by measuring the latencies between 
simultaneously averaged signals from those locations. These interelectrode 
distances were measured using a string laid along the nerve segments. 

Fluctuations observed in local conduction velocity might be due to: (a) 

I ' electrodes: (c) noise-induced fluctuations in the timing of the averaged 

I accompanied by a corresponding change in action current. Therefore, to 
determine the nature of observed fluctuations in local conduction velocity, 





CONDUCTION VELOCITY 

between stimulus onset and the initiation of an action potential at the point 
of stimulation). Conduction distances were measured at the end of the 
experiment using a piece of suture laid between the stimulating electrodes 

. . and the center of the DRG. This yielded directly the conduction velocity 
over the length of the axon between the stimulating electrode and the DRG 
microelectrode. By stimulating two different electrode pairs within a cuff or 

.. array and determining the difference in their latencies to the DRG (e.g., 
between C3 and the DRG, and between C4 and the DRG; see Fig. lA), 
the conduction velocity through the cuff or array was also obtained. The 
difference in those latencies was then used to calculate the average conduction 
velocity through the cuff or array. The conduction velocities for cutaneous 
units were also obtained by electrical stimulation of their receptive fields 
using needle electrodes. To assess the effects of temperature, dorsal root 
conduction velocities were determined for paraffin oil pool temperatures of 
34.0 as well as 37.5"C. 

RESULTS 

The most accurate measurements of conduction velocity were those 
obtained from latency differences between tripolar averages from either end 
of a set of probes placed within the same insulating cuff. Except where 
otherwise stated, data from this method are reported below. 

Conduction Velocity Obtained by Spike-Triggered Averaging 
with Natural Stimulation 

Range of Conduction Velocities within the Dorsal Root and Sciatic Nerve. 
The ranges of conduction velocities for 17 1 afferent fibers in the dorsal root 
and sciatic nerve were 28 to 125 m/s and 40 to 130 m/s, respectively. No 
A6 or C fibers are therefore represented (ranges within peripheral nerve: C 
= 0.5 to 2 m/s; A6 = 6 to 30 m/s). Both the method of single-unit recording 
and the method of spike-triggered averaging are biased toward larger- 
diameter myelinated fibers. 

Variations in Local Conduction Velocity (within the Sciatic Nerve). The 
average sciatic nerve conduction velocity (i.e., through the entire cuff) of 

. each unit is plotted against its three corresponding local conduction 
velocities (i.e., between adjacent tripolar sets of a 12-electrode cuff) in Fig. 
2. Local variations in conduction velocity rarely exceeded experimental 

, error (indicated by the dotted lines; see Discussion). 
Comparison of Dorsal Root and Sciatic Nerve Average Conduction 

Velocities. There was no significant difference in the average sciatic and 
dorsal root conduction velocities for most units (53.2%). The average 
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types of measurements for conduction velocity were possible (see Methods): 
(i) conduction velocities over the axonal segment between the stimulating 
electrode and the DRG (as was done by previous investigators); (ii) 

. conduction velocities over axonal segments within the cuff or array; or (iii) 
conduction velocities over the entire length of the nerve from the extreme 
periphery to the DRG obtained by electrical stimulation of cutaneous 

* -  receptive fields. 
Between Stimulating Electrodes and the DRG. The range of conduction 

velocities obtained in this manner using stimulating electrodes within the 
dorsal root hook array and sciatic nerve cuff were respectively 1 1 to 79 and 
57 to 106 m/s. When sciatic nerve conduction velocities obtained by 
stimulation and spike-triggered averaging were compared, the two conduction 
velocities were generally similar (within experimental error). However, 
dorsal root conduction velocities obtained by stimulation were generally 
slower than those obtained by spike-triggered averaging. 

Within the C u f  or Array. When the difference in latencies for two 
separate stimulating sites (i.e., C1 and C2, or C3 and C4; see Fig. 1 A, C) 
to the DRG spike were used to calculate the average conduction velocity 
through the array or cuff, the velocities obtained were often nonphysiological 
(i.e., 150 m/s or greater). The range of conduction velocities obtained in 
this manner within the dorsal root hook array and sciatic nerve cuff were, 
respectively, 63 to 292 and 75 to 300 m/s, and were uncharacteristic of the 
modalities served by the corresponding units. 

As an example, for a phasic propnoceptor responding to ankle flexion 
(probable spindle primary), the spike-triggered averaged conduction velocities 
within the dorsal root were 117 and 99 m/s (proximal and distal intervals, 
respectively). The conduction velocities over the axonal region between 
dorsal root stimulating electrodes and the DRG were 77 (using C4) and 44 
m/s (using C3). Calculation of the conduction velocity over the axonal 
region between the two stimulating electrodes (i.e., between C3 and C4) 
yielded 219 m/s. 

Stimulation of Cutaneous Receptive Fields. Conduction velocities for 
cutaneous afferent fibers obtained by electrical stimulation of their receptive 
fields were in agreement with those reported by Burgess et al. (3), and were 
similar to those obtained by spike-triggered averaging or electrical stimula- 
tion within the sciatic nerve. The range of conduction velocities was 39 to 
85 m/s. 

. DISCUSSION 

Conduction velocity has been used widely to characterize afferent fibers 
and to subdivide sensory modalities. In some experimental preparations, it 
may be convenient or necessary to use conduction velocities obtained from 
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other than the usual segment of the peripheral nerve. Furthermore, the 
interpretation of experiments on synaptic connectivity often depends on 
estimates of the exact arrival time at central structures of activity from 

over the entirelength of the axon, and may be greatly influenced by even 
short segments of slowed propagation. Several of our findings pertain to 
such common extrapolations of conduction velocity: . , 

(i) Most units (53.2%) exhibited no significant difference in dorsal root 
and sciatic nerve conduction velocities. However, there is only a weak 
correlation between dorsal root and sciatic nerve conduction velocity, so 
that one could not accurately predict the central conduction velocity of a 
unit, given its peripheral conduction velocity. (ii) Most units (61.9%) 
conducted more slowly within the more distal posterior tibial nerve than 
they did in the sciatic nerve. Posterior tibia1 nerve conduction velocity was, I 
on the average, 14% less than that in the sciatic nerve. (iii) Variations in 
local conduction velocity over short axonal segments (9 mm) within the 
sciatic nerve did not exceed experimental error (to be discussed below) and 
did not correlate with variations in local action current. (iv) Spike-triggered 
averaging of signals from two widely spaced (approximately 15 mm or 
more apart) tripolar electrodes within a cuff appeared to be the best method 
for determining conduction velocity. Electrical stimulation was subject to 
several large errors (to be discussed below). 

Clough et al. (6) observed a decrease in conduction velocity within 
extremelv distal segments of baboon forelimb axons. similar to that observed 

that a large delay occurs as an action potential invades the soma within the 
DRG, a factor that probably contributes to the poor reliability of methods 
based on latency to DRG recorded spikes. Lloyd and McIntyre (18), Brown 

decrease in conduction velocity within the dorsal columns. Figure 6 
summarizes the observations of those investigators, as well as those made 
from this study, and predicts the changes in conduction velocity for an 
impulse propagating along a DRG axon, from the extreme periphery (i.e., 
posterior tibial nerve) to the dorsal columns within the spinal cord. 

However, such a profile may be valid only for large-diameter, myelinated ' 

I 
DRG cell axons, because no A6 or C fibers were examined in this study. 

velocities, were observed by Lee et al. (15) for unmyelinated and small- 
diameter, myelinated DRG cell axons. As fiber diameter increases from 
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- p o s i t i o n  a l o n g  the a x o n  t 

FIG. 6. Diagram summarizing how conduction velocity changed (represented as percent of 
maximum cv) as a function of the position along a lumbar primary afferent axon (large- 
diameter, myelinated axons only). Maximum conduction velocity was assumed to occur within 
the sciatic nerve and dorsal root (based upon this and other studies), against which all other 
conduction velocities were compared. As the impulse initiated from the receptor, conduction 
velocity was very slow (relative to the maximum), presumably due to arborization. Within the 
posterior tibia1 nerve (P. TIB n.), the conduction velocity averaged 86% that of the maximum 
[from this study; also see (6 and 7)]. Passing from the sciatic nerve, a slight decrease may occur 
within the plexus (6), as well as through the DRG [dashed line; see (a)]. An even greater 
decrease in conduction velocity presumably occurs along the process leading up to the soma 
[dotted line; see (25)l. After passing through the dorsal root (DR), another decrease occurs 
within the dorsal columns [D. COLUMNS; 19% average decrease according to Desmedt and 
Cheron (7)]. Further decreases occur at higher levels with increased arborization (2, 4, 13, 18, 
26, 27). Inset-projected plot of the ratio of average dorsal root to average sciatic nerve 
conduction velocity for a given unit as a function of its average sciatic nerve conduction 
velocity. x-axis: logarithmic scale of average sciatic nerve conduction velocity; y-axis: ratio of 
average dorsal root to average sciatic nerve conduction velocity. According to Suh et ai. (24), 
unmyelinated axons (with a conduction velocity range of 0.5 to 2 m/s) experienced, on average, 
a 50% decrease in axonal diameter within the dorsal root (relative to the sciatic nerve). Smaller- 
diameter, myelinated axons (study sample conducting to 60 m/s) experienced, on average, a 
30% decrease in axonal diameter. From our study, the most rapidly conducting fibers 
experienced, on average, no change in dorsal root conduction velocity (relative to that within 
the sciatic nerve). 

unmyelinated to small myelinated fibers, the ratio of dorsal root caliber to 
peripheral caliber rises from 0.5 to 0.7 (24). Electron microscopy studies of 

- the fiber diameters in the regions immediately adjacent to the bifurcation 
of larger-diameter fibers in the DRG indicate ratios close to 1.0 (1 I), which 
is consistent with our physiologic data on conduction velocity. The inset in 
Fig. 6 summarizes our suggestion that slowing in dorsal root conduction 
velocity (represented as the ratio of dorsal root to sciatic nerve conduction 
velocity) may become a progressively more important effect as peripheral 
conduction velocity decreases. 
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The tendency toward no change in conduction velocity of large myelinated 
fibers as an impulse propagates from the periphery (in this study, the sciatic 
nerve) and through the dorsal root is in agreement with the observations of 
Clark (4). However, some units demonstrating a significant decrease or 
increase in dorsal root conduction velocity were also observed, and these 

I 
may, in part, account for some of the observations of Loeb (19), Czeh et 
al. (5 ) ,  Kirkwood and Sears (14), and Wiesenfeld and Tapper (27). Because A 

all those investigators [except Kirkwood and Sears (14)] used electrical 
stimulation when determining conduction velocities, we compared this 

were identified for the method of electrical stimulation. However, those 
errors became less significant with longer conduction times, and do not 

the systematic tendency hypothesized above. Our study did not sufficiently 
sample these ranges to test this hypothesis. 

Comparison of the Methods of Averaging and Electrical Stimulation 
for Determining Conduction Velocity 

Complex Waveform of the Dorsal Root Ganglion Unit Potential. To 
obtain the conduction velocity along the length of an axon between a set 
of distal (or proximal) recording electrodes and the DRG (using svike- 
triggered averaging), the unit potential from the unfiltered DRG microelec- 
trode signal and the signal from the cuff or hooks were simultaneously 

- - 
done to improve the constancy of discriminator triggering on the selected 
unit) delayed and increased the complexity of the waveform. It was therefore 
difficult to determine the exact occurrence in time of the DRG action 
potential. The first onset (i.e., deflection from the baseline) of the waveform 
was systematically used in this study, although other features might have 
been equally appropriate (e.g., maximum positive or negative slope, maxi- 
mum positive or negative deflection, or other). Because the choice of the 
feature is arbitrary, the possible measured latencies using these different 
criteria can vary by as much as a millisecond. For small separations and - 

their short latencies (e.g., between dorsal root hooks and the DRG), the 
' 

various obtainable conduction velocities can be significantly different from 

unable to identify any single-feature that appeared to reduce this random 
source of error. Because dorsal root conduction velocities using the first 
onset of the DRG potential were never unphysiologically fast (and were 
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often slower than sciatic conduction velocities), it seems likely that the 
DRG potential frequently represents the result of a significant and variable 
delay between the amval of an impulse on a nerve fiber in the DRG and 

- the initiation of an action potential in the soma, the probable site of 
recording. 

This problem did not exist for conduction velocities determined within 
a cuff or set of hooks. All potentials from tripolar sets were characteristically 
triphasic (i.e., a large negative deflection, preceded and followed by two 
small positive deflections; see Fig. lB), and the occurrence of the action 
potential was taken to be at the peak of the large negative deflection. 

For conduction velocities determined using electrical stimulation, the 
time of amval of the unitary action potential at the pair of DRG micro- 
electrodes (recorded differentially and unfiltered) was also taken to be the 
first appreciable all-or-none deflection from the baseline, though it was 
usually irregular because of the summed effects of many remote, previously 
recruited fibers (see Fig. 1C). Typically, the peripheral stimulus intensity 
was gradually increased after the unitary potential appeared until the 
observed latency stabilized, usually at an intensity about 10 to 20% over 
threshold of recruitment and at a latency about 0.1 to 0.2 ms less than that 
observed at threshold. First onset of deflection is admittedly difficult to 
estimate, and other investigators have often used time of peak or first zero- 
crossing. However, preliminary experiments had indicated that there might 
be large and variable delays between actual spike amval time in the 
ganglion and the occurrence of these later features of the highly variable, 
polyphasic DRG unit potentials. We had hoped to be able to make some 
use of the absolute latency between stimulus and spike amval, and therefore 
selected the shortest latency measurable. However, even this appeared to 
be affected by significant, variable added delays, probably related to both 
intraganglionic processes and stimulus utilization (see below). 

The identification of DRG unit onset was further confused by the 
presence of compound evoked potentials, which the common mode rejection 
of our amplifier could reduce but not eliminate. Consequently, the unit 
waveform under study was generally superimposed on this activity (see Fig. 
IC), making discrimination difficult. This problem increased with stimulus 
intensity, so that a higher threshold unit might be completely obscured by 
the compound action potential. Paradoxically, the problem was least for 
the highest threshold units having the slowest conduction velocities, because 
their unit potentials occurred after the end of the main compound potential 
and because any such error was proportionally smaller given the long 
latency. 

Distortion of Averaged Tripolar Potentials. The behavior of local conduc- 
tion velocities within the dorsal root suggests a potential source of error for 
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the method of determining conduction velocities using incremental spike- 
triggered averages. Electrode contacts sited at the edge of an array immersed 
in mineral oil are more likely to be shorted to ground via fluid seepage, 
and may therefore produce monopolar-like recordings from such tripolar !. 
sets. This would produce distorted waveforms which would shift the 
observed peaks in the same direction as impulse propagation. Three 
simultaneous tripolar electrode arrangements were possible from our nine- - -  

electrode array about the dorsal root (yielding two local conduction velocities). 
The negative peaks produced by the action potentials from the two terminal 
sets of tripolar electrodes would be shifted proximally (due to shorting), 
while the negative peak from the central tripolar set would be unaffected. I 
This would produce an observed proximal segment conduction velocity 
which would be greater than the actual value (due to the shortened latency), 
and observed distal conduction velocities would be reduced (due to increased 
latencies). More accurate conduction velocities should be obtainable when 
electrodes at the edge of an array are not used. All these effects were 
observed. 

dorsal root filaments. The fibers most susceptible to pressure damage are 
the large-diameter, rapidly conducting Aa myelinated axons. This may 
account for the small number of fast sciatic nerve fibers with very low 
dorsal root conduction velocities seen at the lower right of the graph in 
Fig. 4A. 

Noise and Bin Width Uncertainty in Averaged Potentials. When spike- 
triggered averaging was used, conduction velocities were determined by 
subtracting the times of peak occurrence for simultaneous averages from 
two recording electrode sets (12). In averaged tripolar recordings, the 
occurrence of an action potential at the center electrode of a tripolar set 
corresponds to the occurrence of the large negative deflection of the triphasic 
waveform. For a tripolar recording configuration, the sharpness of this peak 
decreases slightly as the spacing of the three electrodes increases. However, 
the amplitude increases significantly until the spacing approaches the 

locating the peak in the averaged neurogram. Widely spaced electrodes are 
therefore better for computing average conduction velocities over relatively ' 

long nerve segments. However, calculations of local conduction velocities 
require two tripolar sets on the same nerve segment, which is likely to be . 

limited in available length. Furthermore, errors in peak determination have 
' 

a proportionally larger effect when the spatial interval between measurements 
is shorter. 

I 



for a given electrode). This resolution decreases as digital sampling bin I . . width is increased. The Nicolet 1 170 has a minimum bin width of 1 ps 

I -- latency intervals of f 8 ps (2X bin interval per channel), so that the 
percentage uncertainty was a function of absolute latency. For rapidly 

(with long conduction latencies between cuff or hook electrodes and the I DRG microelectrode), the bin width generally had to be increased so that 

begin with (due to slow conduction), these two effects cancelled out and 
the percent error was comparable to that of the rapidly conducting fibers. 
This uncertainty could be reduced by increasing the electrode spacing and, 
therefore, the measured latency. Average conduction velocities through the 
entire cuff or array were, for this reason, more accurate (5% or less 
uncertainty). Decreasing the number of channels multiplexed would also 
have reduced the error for local conduction velocity measurements. 

Informal estimates of the repeatability of the location of averaged peaks 
suggested that noise in the triphasic waveform would limit the temporal 
resolution of the peak if the averager speed were increased by a factor of 
two to four. 

velocities were determined in two ways. 1n the first, conduction velocities 
were determined from the latency between the onset of stimulation within 
the nerve hooks or cuff and the appearance of an action potential at the 
DRG microelectrode. Delays between the onset of electrical stimulation 
and the development of an action potential (i.e., stimulus utilization time) 
would contribute to the observed underestimate of conduction velocity 
[based on comparisons with conduction velocities obtained from spike- 

obtained as above for two different stimulation sites within a nerve hook 
- set (C3 and C4; Figs. 1A and C) or cuff (C1 and C2). This should eliminate 

the stimulus utilization time if it is the same at the two stimulus sites. 
However, nonphysiologic (in excess of 150 m/s) or uncharacteristically slow 
dorsal root conduction velocities were often obtained bv this method. This 
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may have been related to inconstancy of stimulus utilization time and/or 
differences in the overlap between the unit action potential and the evoked 
potential in the DRG record. 

Stimulus Initiation Point The action potential generated may not have , 
originated at the point stimulated. When suprathreshold currents are 
applied, an action potential may be initiated at a point some distance down 
the axon from the stimulating electrode. Also, suprathreshold stimulation . 
may hyperpolarize regions of the axon some distance from the point of 
stimulation (23). The action potential generated at the point of stimulation 
may be delayed in passing through such regions. 

Length Measurements. Distances used in computing conduction velocities 
of action potentials evoked by electrical stimulation were obtained by 
measuring a string laid between the stimulating electrodes and the center 
of the DRG. This measurement is an underestimate because it does not 
account for the distance contributed by the long axon leading up to the 
soma, which tortuously wraps itself about the cell body before joining with 
it (16), and any meandering course taken by the axon in the nerves or 
lumbosacral plexus (10). As with stimulus utilization time, these unaccounted 
distances with subsequent delays would have a proportionally greater effect 
on the observed dorsal root conduction velocities. 

Extracellular electrodes are unlikely to be recording at the nodal region 
of all fibers. However, the peak of the action potential waveform they 
record moves smoothly along the outside of the axon at the conduction 
speed of the fiber [by superposition of adjacent nodal waveforms; see (2 I)]. 
Therefore, small shifts do not introduce any additional error or variability 
of measurement. 

Local Variability of True Conduction Velocity. When conduction velocities 
are measured by spikes in DRG cells over axonal segments containing the 
bifurcation and the axon leading up to and including the soma (as when 
electrical stimulation is used), certain inherent variabilities in conduction 
velocity may affect the overall conduction velocity measured. Conduction 
delays may exist at the bifurcation within the DRG (8), along the unmy- 
elinated portion of the axon just prior to it uniting with the soma (16), and 
at the point where the action current must first invade the soma (25), as 
summarized in Fig. 6. 

Local conduction velocities within the sciatic nerve were observed to 
vary (when spike-triggered averaging was used), but these variations did not 9 

exceed experimental error for most units. Real changes in local conduction 
velocity stemming from changes in fiber diameter might be expected to 
correlate with local changes in action current, if the distance of each ' 

recording electrode from the axon under study does not vary significantly. 
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In an effort to overcome our limitations in resolution, these two features 
were simultaneously observed. However, because no correlation was observed, 
it seems unlikely that the occasional large fluctuations in local conduction 

, , velocity noted for some units were real. This same lack of correlation also 
seems to exclude the possibility of systematic error stemming from waveform 
distortions caused by the position of the nerve fiber in the trunk. Variations 
in the distance between the electrodes and the axon being studied are 
presumably responsible for the random and occasionally large fluctuations 
in local tripolar unit potential amplitudes, but we note that this appears 
not to have been associated with systematic temporal shifts of the peaks 
used to determine conduction velocity. 

Temperature. Temperature reductions in this study were of small mag- 
nitude and for short periods of time, such as might occur physiologically 
or during the course of an experiment, and therefore only small changes in 
conduction velocity were observed. These experimentally induced reductions 
were approximately 50% greater than temperature fluctuations observed in 

I 
the course of an experiment. Temperature reductions of greater magnitude 
or longer duration could have greater effects on conduction velocity, and 
therefore temperature should be thermostatically maintained during such 
measurements. However, for well regulated experimental conditions, it 
appears that temperature fluctuations play only a small role in influencing 
conduction velocity measurements. 
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