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Summary -This study was designed to estimate and compare nerve conduction velocity (NCV) of cutaneous 
heat-sensitive C-fibres obtained using two methods. The first is a method based on reaction times to different 
rates of temperature change produced by a large contact thermode (ThermotesP). The second is a novel method 
based on ultra-late-evoked brain potentials to CO, laser stimuli with tiny beam sections (< 0.25 mm*), allowing 
selective and direct activation of very slow conducting afferents. Both methods were applied on three sites of 
the right leg (foot, knee and thigh) of ten healthy subjects. When based on the reaction times to contact heat, 
NCV estimations were 0.4 f 0.22 m/s for the proximal segment (knee-thigh) and 0.6 IL 0.23 m/s for the distal 
segment (foot-knee). When based on the difference in latency of the ultra-late positivity of laser-evoked brain 
potentials, NCV estimations were respectively 1.4 k 0.77 m/s and 1.2 k 0.55 m/s. For both methods, the 
difference in NCV between proximal and distal limb segments was not significant. Although both methods give 
NCV estimations within the range of C-fibres, the systematic difference between NCV obtained from each 
method may result from the activation of subpopulations of C-fibres with different NCV depending on the 
method of stimulation (low-threshold thermal receptors by the thermode and thermal nociceptors by the CO, 
laser). 
Considering the difftculty of investigating peripheral fibres with slow conduction velocities (C-fibres) in 
humans, the methods used in the present study may be useful tools in both experimental and clinical situations. 
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C-fibres I nerve conduction velocity / tbermode I CO, laser I laser evoked potentials 

Rhum6- Determination de la vitesse de conduction des fibres C cbez I’bomme au moyen des seuils 
tbermiques au contact et des potentiels ct%braux Cvoquh par la cbaleur radiante. 
Cette ttude a Cte’ concue pour de’terminer et comparer la vitesse de conduction nerveuse (NCV) d’affkrences 
cutankes active’es par la chaleur utilisant deux diffkrentes mkthodes de stimulation. La premiere mPthode utilise 
une large thermode de contact (Thermotest”) et l’estimation de la NCV est bake sur les temps de r&action d 
diffkentes rampes d’khauffement. La seconde me’thode est nouvelle et basCe sur des potentiels ce’re’braux 
ultratardifs e’voquks par un stimulateur laser CO, utilisant an faisceau de,fin diamttre (< 0,25 mm”) permettant 
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d’activer scktivement et directement des jibres affirentes b conduction lent<. Trois sites de la jambe droite 
(pied, genou et hanche) sent stimulCs avec ces dean mdthodes chez dix sujets sains. Les estimations de la NCV 
(m/s) calcule’es b partir des temps de &action d la chaleur de contact sont 0,4 + 0,22 m/s pour le segment 
proximal (genou-hanche) et 0,6 zk 0,23 m/s pour le segment distal (pied-genou). Elks sent respectivement de 
I,4 + 0,77 mJs et 1,2 rtr 0,55 m/s lorsque estimkes ?J partir de la d@rence de latence de pits positifs ultratard$s 
des potentiels ce’re’braun kvoqu& par In chaleur radiante. Pour les deux mt!thodes, la diffkkncr en NCV entre 
segments proximaux et distaax n ‘est pas significative. Bien que ces deux me’thodes fournissent des estimutiorzs 
de la NCV dans [‘&endue de celles des jibres C, il existe une difftkence s&matique qui pourruit r&dter de 
l’activation de sous-populations deJibres C ayant des NCV diffkrentes d&pendant de la me’thode de stimulation 
($cepteurs thermique 6 seuil faible par la thermode et rkepteurs thermiques nociceptifs par le laser CO,). 
Etant don& la di’cult& d’e’valuer la vitesse de conduction nerveuse des jibres aff&rentes ir conduction lente 
(jibres C) chez l’homme, les mkthodes d&rites ici pourraient Ctre des outils int&ressants tantpour le laboratoire 
de recherche qu’en clinique. 0 1999 Editions scientijiques et m&dicales Elsevier SAS 

fibres C I vitesse de conduction nerveuse I thermode I laser CO, I potentiels 6voqu6s laser 

INTRODUCTION 

Estimates of the conduction velocity of large primary sensory fibres are usually based on 
electrical stimulation of the peripheral nerves and recording of the compound action 
potentials by surface or needle electrodes. This method is not appropriate for measuring 
nerve conduction velocity (NCV) of small non-myelinated sensory hbres subserving 
thermal sensation in human subjects [2, 38, 531. The most direct measures of NVC of 
these fibres comes from microneurographic studies, but such studies are limited as the 
technique is invasive and requires considerable manual and interpretative skills (for 
review see [42]). Estimates of small fibre NCV can also be obtained by measuring 
reaction times or by recording cortically evoked responses to thermal stimuli. Usually the 
heat stimuli are applied at proximal and distal sites on the same limb within a given 
dermatoma. NCV is then calculated by using the conduction distance (Ae) between the 
two stimulation sites and the conduction time (At) for the sensation to traverse that 
distance. The conduction time can be measured in several ways, as for instance: 1) by the 
difference between the mean reaction times [21, 241; 2) by the difference in the slope of 
the linear relationship between the rate of temperature change and warmth detection 
threshold [47]; and 3) by the difference in peak latency of a major component of the 
averaged cortically evoked potentials obtained from the two stimulation sites [ 14, 18, 22, 
291. The calculation of NCV has also been performed with stimulation at a single 
location and assuming a certain value for the central reaction time 1.561. 

Moreover, the thermal stimuli can be applied by either a contact heat probe or a radiant 
heat source. The conventional thermal stimulators are based on Peltier thermoelectric 
modules for contact heat and on light bulbs for radiant heat. Both of these have 
drawbacks. The contact heat probe unavoidably coactivates the large myelinated 
Afl-fibres at least on initial mechanical contact, and it has been shown that these 
low-threshold afferents exert an inhibitory effect upon the thermo-algesic function [37]. 
For both kinds of conventional heat stimulators, the power output is limited to heat ramps 
of about 10 “C/s, with subsequent desynchronisation of the afferent barrage. Further- 
more, the conventional radiant heat sources emit in the visible and near infrared spectrum 
wavelengths for which the skin is highly reflective, variably transparent and absorbent. 
In contrast, the CO, laser stimulator, due to its monochromatic radiation emission in the 
far infrared (wavelength of 10.6 urn), gives the best match with the thermophysical 
properties of the skin and allows precise control of stimulation parameters. Due to its 
high power, it elicits a well-synchronised afferent volley of impulses. Depending on the 
amount of energy delivered and the extent of skin surface area exposed. the laser 
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stimulator produces warm and/or painful sensations by direct activation of cutaneous 
thermoreceptors and/or nociceptors connected exclusively to A& and C-fibres [5, 81. The 
well synchronized afferent volley allows measurement of time-locked neurophysiologi- 
cal events such as late-evoked brain potentials [ 131. These late cortical responses have 
already been used to estimate the NCV of A&fibres [30]. However, ultra-late laser- 
evoked potentials associated with C-fibre activation can be recorded selectively by 
performing an ischemic A-fibre nerve block [6] or by stimulating tiny skin surface areas. 
This latest, noninvasive method allows direct isolation of the ultra-late laser-evoked 
potentials, taking advantage of the lower threshold and especially the higher distribution 
density of C-fibre terminals in the hairy skin as compared to A6 fibres [5]. 

To our knowledge, no attempt has been made to estimate NCV by ultra-late cortically 
evoked responses in conditions of direct and selective activation of C-fibres. Therefore, 
the present study was designed to estimate and compare conduction velocity of the 
heat-sensitive C-fibres obtained by two methods: the first is a method based on reaction 
times to different rates of temperature change produced by a large contact thermode 
(hereafter referred to as the thermal threshold method), and the second is a novel method 
based on ultra-late cortical responses evoked by a CO, laser stimulator with tiny beam 
section. 

MATERIALS AND METHODS 

Ten healthy volunteers (three females, seven males) participated in these experiments. 
Their ages ranged from 22 to 35 years (mean f SD: 27 f 4.5 years of age) and their 
heights ranged from 160 to 190 cm (175 f 10.7 cm). None of the subjects suffered from 
diseases that might affect normal somesthetic perception. The two methods of warm 
stimulation, contact heat and radiant heat, were applied on each subject and presented in 
sessions separated by one night. The stimulation sites located on the right leg were the 
dorsum of the foot, the knee (fibula head) and the lateral upper thigh (10 cm plumb with 
the trochanter maior). Stimulation sites were marked with a pen. The sequence of 
stimulation methods and stimulation sites were randomised and balanced. 

Skin temperature was measured by an infrared thermometer (Tempett, Senselab, 
Sweden). Although the skin of the dorsum of the foot was on average 0.5 “C cooler than 
that of knee and thigh, the difference in skin temperature between the three stimulation 
sites was not significant (F, = 1.4; P = 0.257). The average skin temperature was 
30.1 + 1.1 “C. Ambient temperature of the experimental room was kept at 24.5 f 0.3 “C 
(range 24.0-24.8). 

Contact heat stimulation 

Contact heat was applied by means of a thermode stimulator (Thermotestm, Somedic AB, 
Sweden) equipped with a Peltier type probe measuring 2.5 x 5 cm. One measurement 
session consisted of three blocks of 20 heat stimuli, one block for each skin site. Each 
block consisted of four different positive temperature ramps (1,2, 3 and 4 “C/s) presented 
in a random and balanced sequence with random time intervals ranging from four to six 
seconds. The temperature of the thermode probe was adjusted to the skin temperature 
before each block. To familiarise the subjects with the experimental procedure, four 
stimulations were given at the start of each block. The subjects were instructed to press 
a button on a hand controller as soon as they perceived a change in temperature of the 
thermode probe. Proximal and distal NCVs (m/s) were estimated by the software 
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Figure 1. Heat threshold (“C) versus rate of temperature change (7%) linear relationship 
This figure shows the heat threshold (“C) versus rate of temperature change (‘C/s) linear relationship for the 
distal segment (foot and knee). Each line represents the average slope and intercept computed from the 
individual data (n = 10 subjects) given by the Senselab software (Somedic AB. Sweden). The intercept (b) 
represents the ‘true’ receptor threshold. The slope (a) of the line represents a time latency (A threshold “C/A 
rate of change oC.s-‘). The contact heat method uses this time latency to compute NCV according to the 
equation presented at the end of section 2.1. The NCV of the proximal segment (knee and thigh) was estimated 
in a similar way. 

Senselab V2.23 (Somedic AB, Sweden), based on the conduction distance between thigh 
and knee (e proximal) or knee and foot (Ae distal) locations, and the corresponding 
delays (At proximal and At distal) were obtained by computing the difference in the 
slopes of the heat threshold (“C) versus rate of temperature change (‘C/s) linear 
relationship (figure I) between locations on the proximal or distal limb segments [46, 
471, e.g., for the distal segment this is expressed by the following equation: 

Aefoot - knee 

Radiant heat stimulation 

Radiant heat was delivered by a CO, laser heat stimulator [40]. Three blocks of 60 laser 
stimuli of tiny skin surface area (< 0.25 mm’, 5 min duration and 15 mJ/mm’ intensity, 
i.e., about 1.5 to 2 times the pain threshold when the same energy density was applied 
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on a skin surface area 100 times larger [4]) were applied at random time intervals on each 
of the three locations. Receptor fatigue or sensitization was avoided by slightly moving 
the laser beam between each stimulus. Subjects wore protective goggles. To avoid any 
acoustic interference during stimulation, subjects also wore headphones fed with white 
noise. A warning signal was given before each stimulation (foreperiod varying randomly 
between 0.5 and 2 s) in order to maintain the subject’s attention. Laser evoked potentials 
(LEPs) were recorded along with electro-oculogram and reaction time. The subjects were 
asked to react immediately to any type of sensation perceived at the stimulation site by 
pressing a button on a hand controller. Quantitative and qualitative aspects of perception 
following stimulation of tiny skin surface areas have already been well documented in 
the studies of Bragard [4] and Bragard et al. [5]. As expected, subjects reported that most 
of the time the stimuli were perceived as a light touch and occasionally as a pricking or 
a thermal sensation (warmth or burning) but rarely as painful although stimulus energy 
density was clearly noxious [7]. LEPs were recorded with a platinum needle electrode at 
the vertex (Cz- to linked ear A +) with ground to the forehead. Electrodes were connected 
to a Gould Universal bio-amplifier (band pass 0.3-30 Hz; gain 8OOO:l). The electro- 
oculogram (EOG) of the right eye was recorded with disposable Ag-AgCl surface 
electrodes (Medi Trace, Graphics Control, Canada). LEPs, electro-culogram and laser 
output signals were sampled and digitized at 1 kHz from -500 to 2500 ms according to 
stimulus onset and recorded for off-line analysis (SIGAVG, Cambridge Electronic 
Design, UK). Non-artefacted records were time averaged by location and by subject. 
NCV was computed by dividing the distance between locations by the difference in 
latency between the major positivity of the corresponding ultra-late LEPs. NCV was also 
estimated by dividing the distance between locations by the difference in corresponding 
mean reaction times for each subject. 

Data were analysed statistically using a two-way repeated measures Anova on two 
factors (stimulation methods and stimulation sites). 

RESULTS 

As shown in table Z, NCV of peripheral afferent fibres activated by contact heat were on 
average 0.4 + 0.22 m/s for the proximal segment (knee-thigh) and 0.6 f 0.23 m/s for the 
distal segment (foot-knee). The difference in NCV obtained from proximal and distal 
limb segments was not significant. 

CO, laser stimulation with tiny beam sections evoked a large ultra-late 
negative/positive complex in each subject at all three sites. In several cases, the negative 
component was not always clearly identifiable, in contrast to the large positivity. Figure 2 
shows ultra-late LEPs for the three different stimulation sites in one subject. There is a 
clear increase in the latency of the large positivity as the peripheral conduction distance 
increases from the proximal thigh to the distal foot (table ZZ). Based on the difference 
latency (conduction time At, in table ZZ) of that ultra-late positivity and the difference in 
peripheral conduction distance (Ae in table II), NCV estimates were 1.4 + 0.77 m/s for 
the proximal and 1.2 + 0.55 m/s for the distal limb segment (table Z). 

Based on the difference in mean reaction times (conduction time At, in table ZZ) 
following laser stimuli and the difference in peripheral conduction distance (Ae in 
table II), NCV estimates were obtained for the proximal (1.3 f 0.37 m/s) and for the 
distal limb segments (1.2 + 0.43 m/s) (table Z). A two-factor repeated measures Anova 
showed that NCV estimates based on LEPs, on average 1.3 m/s, were significantly higher 
(F = 59.2; P < 0.001) than those based on the warm threshold method, on average 
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Table I. Estimations of nerve conduction velocity (NCV) by the method of thermal thresholds to contact heat 
(thermode) and by reaction time and evoked brain potentials (LEPs) to radiant heat (CO, Laser). 

Stimulation methods NCV 

Mean 2 SD RUlp! 

Contact heat (Thermode) 
- proximal 0.4 + 0.22 0.14-0.83 
- distal 0.6 k 0.23 0.20-0.90 

Radiant Heat (CO, Laser) 
Reaction time 

- proximal 1.3 * 0.37 0.82-2.09 
- distal 1.2 + 0.43 0.60-I .96 

LEPs 
- proximal 1.4 * 0.77 0.68-3.32 
- distal 1.2 * 0.55 0.76-2.58 

0.5 m/s, and that for both methods, there was no difference in NCV obtained from 
proximal and distal limb segments (F = 0.002; P = 0.965). 

DISCUSSION 

The aim of the present study was to estimate NCV heat-sensitive peripheral fibres using 
two different methods: a conventional method based on thermal threshold to different 
rates of temperature change produced by a large contact thermode, and a new one based 
on ultra-late cortical responses evoked by radiant heat from a CO, laser stimulator. 

Concerning the contact heat method, NCV estimations (table I) are in close agreement 
with those published by other investigators using the same Peltier type thermode. Fowler 
et al. [21], using a fixed rate of temperature change (5 Wsec) and subtracting the 
reaction time for two remote sites on the lower limb, estimated a mean NCV of 0.5 f 
0.2 m/s for afferences conveying warm sensation. Swerup 1471, using the same procedure 
for NCV estimates as in the present study, reported mean values of 0.8 + 0.2 m/s. This 
latter procedure has the great advantage that the influence of differences in receptor 
density between the different sites is eliminated and that no assumptions are made 
concerning the central reaction time. Yamitsky and Ochoa [56] reported NCV of 1.5 m/s 
for warm sensation with stimulation at a single location (thenar eminence), subtracting 
200 ms for central processing and efferent conduction from the reaction time. However, 

Table II. Average reaction time and peak latencies of ultra-late positivity in LEPs following CO? laser 
stimulation of three different skin areas on the lower leg. 

Stimultrtiorl Reaction time Conduction Peak latent? Conduction Conduction 
.sitr*sept1ent (t7l.S) time At, (s) (t7l.S) timpAt, (s) distance de (rn) 

Lateral thigh 989+ 114 880 k 123 
* proximal 0.29 k 0.08 0.31 +0.13 0.36 + 0.03 
Lateral knee 1283? 100 1188+215 
=1 distal 0.33 * 0.12 0.32 ?c 0.10 0.35 If- 0.03 
Dorsum foot 1612 If- 160 1512 * 167 
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Figure 2. Laser evoked brain potentials (LEPs). 
LEPs recorded at the vertex (Cz to linked ear A) in response to stimulation of three different sites (lateral thigh, 
lateral knee and dorsum of the foot) in one subject. Two superimposed averages of 20 trials each (grouped as 
even and uneven trials) are shown for each stimulation site. The vertical dotted line indicates the beginning of 
the laser stimulus (duration 5 ms; energy density 15 mJlmm’; surface area < 0.25 mm’). The major positivity 
is mentioned as P followed by the corresponding latency value in ms. Note the increase in latency of the large 
positivity with increasing peripheral conduction distance. 

their method is peculiar, clearly suboptimal and differs from the one used in the present 
study and the others to which we referred [21,47], where two stimulation sites are used. 
Thus their results are not directly comparable. 

Concerning the radiant heat method, no comparable data are available from the 
literature. As a matter of fact, all methods give NCV estimates in close agreement with 
those measured by direct in-vivo methods (microneurography) for distal C-fibres in the 
lower limb, i.e., 0.45 to 1.2 m/s [49]. However, a two-factor repeated measures Anova 
showed that NCV estimates based on LEPs were significantly higher than those based on 
the warm threshold method (see Results). 

This striking difference in NCV estimates obtained by the two methods deserves an 
explanation. Three possible interpretations will be briefly discussed, based either 1) on 
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methodological differences (thermal thresholds versus LEPs); 2) on the difference in the 
process of heat transfer to the skin (conduction versus radiation); or 3) on the assumption 
of the existence of C-fibre subpopulations (low- versus high-threshold heat sensitive 
afferents). 

Methodological differences in estimating NCV 

As compared to the LEPs method, the method based on thermal thresholds is to a greater 
extent dependent on the performance of the subject. It may be influenced for instance by 
factors like comprehension of the task, willingness to collaborate, learning and attention. 
Furthermore, the rate of heat transfer is more difficult to control as it depends, among 
other things, on the pressure of the thermode against the skin. Finally, may estimates of 
NCV be influenced by a difference in ‘true’ thermal receptor threshold between different 
sites on the limb segments? Although this has not been established for warm receptors, 
a proximal to distal gradient has been reported for heat pain threshold (buttock < thigh 
< knee < dorsum of foot) by Hardy et al. [27]. 

However that may be, it is clear that all the above mentioned factors will more or less 
influence the intercept and the correlation coefficient of the least squares regression line 
fitted to the warm threshold versus the heat rate relationship. On the other hand, these 
factors will have little if any effect on the slope which allows computation of the NCV. 
As a consequence, it seems that the method of thermal thresholds is fairly robust and 
resistant to all influences that add linearly to the reaction time and that these influences 
offer no explanation for the difference in NCVs obtained by the two methods. 

A ‘contamination’ of LEPs by cognitive potentials is expected as they are effectively 
influenced by attention, distraction, task relevance, etc. [ 1 I]. There have been no studies 
on the influence of motor task and/or cognitive factors on the ultra-late LEPs. 
Nevertheless, it has been shown that pressing a button upon detecting a target stimulus 
does not affect the latency of the N2-P2 complex of late LEPs as compared to the 
situation without motor task [44]. Moreover, as the stimulation conditions were exactly 
the same for the three stimulation sites, it is reasonable to assume that these will not 
affect our results in a significant way. 

Finally, it is important to recall that NCV estimates based on RTs to laser stimuli and 
those based on LEPs are nearly identical, so the difference in the method of measurement 
of peripheral conduction latency (i.e., evoked potentials versus reaction times) does not 
appear to account for the difference between NCV estimates of afferent fibres activated 
by radiant heat versus those activated by contact heat. 

Differences in heat transfer 

Concerning differences in the process of heat transfer, it is worthwhile to recall the recent 
studies of Svensson and al. [45]. They showed that the stimulus response (S-R) functions 
for cutaneous non-painful and painful heat stimuli delivered by a contact thermode are 
much steeper (Stevens power exponent /3 > 2) than those obtained by a CO, laser 
(p = I). These psychophysical differences may be related to biophysical factors such as 
transduction, heat absorption, tissue temperature gradients and concomitant activation of 
low-threshold mechanoreceptors in the case of the thermode. Indeed, the contact heat 
probe unavoidably coactivates the large myelinated A/3-fibres at least on initial contact, 
and it has been shown that these low-threshold mechanical afferents exert an inhibitory 
effect upon the spinal transmission of warm and nociceptive afferents [37]. Because 
stimulus duration is long and stimulated surface area is large with the contact thermode, 
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the processes of temporal and spatial summation at the central level could have a strong 
effect on transmission. Peripheral and central neuronal responses will not be synchronous 
because the increase in cutaneous temperature is too slow. In contrast, the power of the 
CO, laser is such that cutaneous temperature rises much faster (up to more than 
10,000 “C/s), allowing selective and synchronous activation of cutaneous thermal 
receptors and nociceptors [50]. However, putative influence on central transmission 
latencies and differences in the rate of heat transfer are not able to take into account the 
large difference in NCV estimates obtained by these two methods. Indeed, the estimation 
of NCV is based on the assumption that the possible difference in central transmission 
latencies and the difference in rate of heat transfer between both methods are similar at 
distal and proximal sites of stimulation so that their effects should be cancelled out. 

Subpopulations of C-fibre afferents 

The third possible interpretation is that each method activates a subpopulation of C-fibres 
which differs in NCV. Indeed, the thermode warmed the skin up to a maximum of about 
40 “C at the greatest rate of temperature change (4 “Us). That stimulus was perceived as 
the slightest change in skin temperature (detection threshold for warmth) and was clearly 
non-noxious. On the other hand, the laser stimulus with tiny surface area and power 
density of 15 mJ/mm2 used in the present study was noxious although not perceived as 
painful. However, when the same laser energy density was applied on a skin surface area 
100 times larger, the stimulus became algogenic, as stimulus intensity was about 1.5 
times the threshold for burning pain [4]. 

Regarding the heat-sensitive unmyelinated afferent fibres, two classes of receptors 
may be taken into consideration. In the first, the C-warm receptors are included in 
afferent fibres that respond optimally to temperatures around 40 “C, i.e., temperatures 
that are generally perceived as warm. Their conduction velocities in several species are 
reported to be between 0.4 and 2.4 m/s, with mean values between 0.5 and 1 .O m/s [ 15, 
19, 28, 331. In humans, NCV measures of single warm fibres yielded values of 0.5 and 
0.75 m/s [32]. In the second class, the C-mechano-heat nociceptors (CMHs) respond to 
high intensity mechanical and thermal stimuli. They have been shown sometimes to 
respond to chemical stimuli as well and thus are also termed polymodal. Their thermal 
threshold ranges between 38 and 49 “C, with mean values around 44 “C [3, 431. They 
show no spontaneous activity below 38 “C [26, 331 and, in the hairy skin of monkeys, 
have a mean threshold of 40.4 f 2.2 “C at the fibre terminals [48]. In humans, using 
microneurography, the conduction velocity for this group is reported to be in the 
0.7-1.3 m/s range with mean values around 0.8 m/s [25, 521, which is larger than the 
NCVs of warm fibres recorded by Konietzny and Hensel [32]. 

Although the distribution of warm sensitive C-fibre conduction velocities is most 
commonly said to be unimodal [ 151, there are a few reports of bimodal distributions [ 17, 
411. Two distinct classes of CMH receptors were described in the monkey by Meyer and 
Campbell [35] with either fast or slow adapting responses. However, these authors do not 
rule out the possibility that this difference depended on the depth of the receptor location 
below the skin surface. Interestingly, latency distributions of C-fibre-evoked reflexes 
elicited by electrical stimulation of the sural nerve in the rat are bimodal, suggesting the 
existence of two populations of C-fibres with different conduction velocities (0.6 and 
0.9 m/s [20]). Similar response latencies with a bimodal distribution have also been 
observed during recordings of rat dorsal horn convergent neurons following electrical 
stimulation of their receptive fields [54]. 

Finally, with the present laser stimulation parameters, the skin reached temperatures 
well above 50 “C and thus CMH and A6 mechano-heat (AMH) nociceptors were 
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activated [50]. However, the cutaneous CMH nociceptors have a higher density 
distribution than the AMH and even more than warm C-fibres [34, 391 and thus have a 
higher probability of being activated selectively by the tiny laser beam. In addition, warm 
receptors are silenced by noxious levels of heat [55]. Hence warm receptors will have 
contributed little to the evoked responses. 

Thus, the present results (table Z) may be interpreted as representing two heat sensitive 
C-fibre subpopulations with different heat threshold and NCV: one with a low heat 
threshold (C-warm afferents), having a low NCV of 0.5 m/s activated preferentially by 
the thermode, and the other with a high threshold (CMH afferents), having a higher NCV 
of 1.3 m/s preferentially activated by the much stronger laser stimulus. 

CONCLUSIONS 

It is a fact that the routine electrophysiological methods used in clinical settings 
investigate transmission only in afferent fibres with the largest diameter and are not 
amenable to exploration of the thermoalgesic system [2, 38, 531. Thus, considering the 
difficulty of investigating peripheral fibres with slow conduction velocities in humans, 
the experimental methods described here may be useful tools in both experimental and 
clinical situations. The simple and noninvasive method based on ultra-late cortical 
responses evoked by a CO, laser stimulator (LEPs) with tiny beam section yields 
estimates of NCV from non-myelinated heat-sensitive afferent nerve fibres. This method 
has the advantage over the thermal threshold method in that it is less dependent on 
subjective interference from the subject and the investigator. The difference in estimates 
of NCV between the two methods (table Z) may be reasonably explained by the 
differential activation of C-fibre subpopulations (warm receptors by the thermode and 
thermal nociceptors by the COz laser), but this needs confirmation by further investiga- 
tions. 
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