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Heterotopic nociceptive conditioning stimuli and mental task modulate 
differently the perception and physiological correlates of short CO, 

laser stimuli 

Summa~ The present study was aimed at examining the specificity of the action of heterotopic nociceptive 

conditioning stimulation (HNCS) by comparing its effects to those induced by a mental task (MT). Five test stimuli 
made from short CO, laser pulses (duration: 40 msec; diameter: IO mm; intensity: 0.25-0X Joules) were delivered 

every 30 to 45 set at random to 4 different spots on the skin of the upper lip in 3 groups of 10 h&thy subjects. The 
two most intense stimuli were perceived as painful, the two least intense stimuli as warm, and the intcrmcdiatc 
stimulus as hot or near painful. Perception (VAS), reaction time (T) and cerebral evoked potentials (CEPs) wcrc 
monitored before, during and after conditioning stimulation consisting either of HNCS (hand submerged in cold 
water) or of MT (arithmetic substraction). Pain perception (first pain) threshold was increased in both conditioning 
situations; however, the stimulus-response curve and the neurophysiological correlates wcrc differently affected. 
During HNCS, the stimulus-response curve was depressed and T was increased mainly for the intermediate 
stimulus, whilst CEP power density was reduced for all stimulus intensities; discrimin~ltion pcrformancc near pain 
threshold was dramatically depressed. During MT, the stimulus-rcsp~}nse CUNC was shifted down toward higher 

stimulus intensities, T was equally increased for all stimulus intensities, whereas CEP power density was not 
changed: discrimination performance remained unchanged. These observations bring additional information to 
show that, compared to MT, HNCS produces distinct changes in perception and physiological correlates and might 
interfere with transmission processes of the afferent volley evoked by the CO, laser stimuli. possibly via diffuse 
noxious inhibitory controls (DNICs). 
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time 

introduction 

In 1940, Hardy et al. observed that pain occurring in 
one part of the body causes a rise in pain threshold in 

* Corresponding uuthor: L&n Plaghki, Service de MCdecine Physique 

and Rt?hahilitation, Cliniques Universitaires St. Luc. Facult6 dc 

M6decine IJCI., 10 Avenue Hippocrate, B-1200 Brussels. Belgium. 

Tel.: (32) 2-7hJ-1660; FAX: (32) 2-764-5230. 

’ Supported by FCAR fFonds pour la Formation de Chercheur5 et 

d‘Aide 5 la Recherche, QuCbec) in partial fuifiiim~nt for a Doc- 

toral Thesis. 

’ Prmxt addm~: h%Y Portage Nord, Laterri&re. Q&, Canad;k. 

GOV I KO. 

S-SD1 030~-3OZ’)(‘~3)EO202-0 

the rest of the body. These cffccts wcrc cctnsiderctd as 

non-specific and were simply attributed to distraction. 
Marc recently. several psychophysical experiments in 
normal subjects and patients have rc-invcstigatcd the 
effects of noxious conditioning stimuli applied to di- 
verse remote areas of the body on pain perception and 
physiological correlates (Wilier et al. 1979, 1984; Perto- 
vaara et al. 1982: Jungkunz et al. 19X3; Chcn ct al. 
1985; Talbot et al. 1987, 1989; Price and McHaffie 
198X; De Rrouckcr et al. 1990). The most prominent 
features of heterotopic nociceptive conditioning stimu- 
lation (HNCS) in man may he summarized as follows. 
(1) HNCS can inhibit the perception of electrical and 
thermal test stimuli (Pertovaara ct al. 1982; Wilier ct 



al. 19X4; Chen et al. 1985; Talbot et al. 1987). ‘l’hc 
degree of inhibition induced by HNCS seems directly 
related to the intensity of noxious stimulation and is 
significantly greater for the second pain than for the 
first pain (Price and McHaffie 1988). (2) HNCS re- 
duces discrimination performance of small changes in 
painful heat stimuli (Talbot et al. 1989). (3) The noci- 
ceptive flexion (RI111 reflex is inhibited by HNCS 
(Wilier et al. 1984, 1989). This inhibition is completely 
blocked by a low dose of morphine (Le Bars et al. 
1992). (4) HNCS reduces the amplitude of the late 
components of electrical evoked cerebral potentials 
(Chen et al. 198.5). (5) The effects of HNCS can only be 
observed if the integrity of a spino-bulbo-spinal loop is 
preserved (Roby-Brami et al. 1987; De Broucker et al. 
1990). 

In many of the investigations mentioned above, the 
question has been examined whether the effects of 
HNCS could be attributed to attentional processes 
triggered by the painful component of the conditioning 
stimuli. Pain perception is indeed influenced by behav- 
ioral factors like attention and stress (Wilier et al. 
1979; Bushnell et al. 1985). Several arguments, how- 
ever, helped to support the idea that HNCS effects are 
specific. A visual discrimination task was not affected 
by HNCS (hand in cold water) while median latency to 
detect small changes in noxious thermal stimuli was 
decreased (Talbot et al. 1989). According to Pertovaara 
et al. (19821, attentional factors could not explain the 
reduced thermal and pain sensitivity induced by non- 
segmental ischemic pain since tactile sensitivity was not 
markedly influenced. A strong supporting argument 
came from studies performed on patients with unilat- 
eral thalamic vascular lesions, and a patient with a 
cortical parietal lesion (De Broucker et al. 1990): HNCS 
effects were observed in absence of pain perception. 
thus ruling out distraction induced by the pain compo- 
nent. 

In the present study, the specificity of HNCS effects 
was re-examined in normal subjects by comparing the 
effects of the hand immersed in ice cold water (HNCS) 
to those produced by a mental arithmetic task (MT), 
thus deliberately provoking a competition between foci 
of attention towards thermal (innocuous and noxious) 
test stimuli and HNCS or MT. The effects of HNCS 
and MT were evaluated by examining stimulus percep- 
tion (pain threshold), simple reaction time and cerebral 
evoked potentials (CEPs). Psychophysical data were 
further analyzed by applying the signal detection the- 
ory (SDT) to judge variations in sensory discrimination 
(Green and Swets 1966). CEPs were examined in the 
time and frequency domain. Thermal test stimuli were 
delivered by a CO, laser stimulator; this method of 
stimulation offers several advantages over conventional 
heat stimulators (i.e., those providing stimulation by 
heat applied through contact thermode or by irradia- 

tion from an electric lampi as rcvicwzd 1)~ Blchi ci ,I!. 
(1984), Pertovaara (1988) and Arendt-Nieiscn ~1Wh.i):. 
Briefly, short CO, laser pulses seem 10 product :L 
rather selective aciivation of slowly conducting fibers. 
They also generate time-locked synchronous afferent 
activity, allowing precise study of reaction time and 
CEPs. 

It was found that HNCS produces changes in per- 
ception and physiological correlates which are para- 
metrically distinct from those induced by MT. HNCS 
increases the pain threshold and depresses sensory 
discrimination near pain threshold; it increases the 
reaction time for stimuli near pain threshold, and 
decreases the power of CEPs. MT increases the pain 
threshold without affecting performance in sensory dis- 
crimination; it noticeably prolongs reaction time for 
innocuous and noxious stimuli and dots not affect 
power of CEPs. 

These results have been briefly presented at meet- 
ings of the European Neuroscience Association (De- 
lisle et al. 1989; Plaghki et al. 1990). 

Methods 

Subjects 
Experiments were performed on 15 healthy volunteers (5 female 

and 10 male) between 23 and 48 years of age (mean: 31.4k6.8). 

Subjects were randomly assigned to 3 experimental groups (n = 3 X 

10): a control group and 2 groups submitted to a conditioning 

stimulation (HNCS or MT). However, because some subjects with- 

drew during the experiments, we ended with the following groups: 5 

subjects took part in 3 groups, S subjects in 2 groups, and 5 subjects 

in only 1 group so that each group consisted of 10 subjects. During a 

preliminary session, volunteers were given a fully detailed explana- 

tion concerning the experimental procedures and were familiarized 

with the experimental surroundings, with the noxious stimuli and 

with the rating procedures. The rules of the Ethics Committee of the 

UniversitC Catholique de Louvain Faculty of Medicine were fol- 

lowed. 

Experimental design 
Studies were carried out as follows. Each session was divided in 3 

successive blocks. A block consisted of 20 test stimuli, i.e., 5 different 

intensity levels, each intensity of stimulation being applied once on 4 

spots on the skin of the upper lip (2 spots on either side of the 

midline). Stimuli were delivered at random with an interstimulus 

interval of 30-45 set; thus a minimum of 2 min was allowed between 

consecutive stimuli to the same spot. A session totalled 60 stimuli 

(3 X 5 X 4) and lasted about 45 min. 

Test stimulus and CO, laser stimulator 
Test stimuli were delivered by a CO, laser designed and built in 

the Department of Physics at the UniversitC de Louvain (Plaghki et 

al. 1989). The laser pulses were of 40 msec duration with 78.5 mm’ 

(10 mm diameter) beam size at the target. The 5 stimulus intensities 

were between 0.25 and 0.80 J (go-255 mW/mm2). The 2 most 

intense stimuli were, on average, perceived as painful, the 2 least 

intense stimuli as warm, and the intermediate stimulus as hot or near 
painful (Fig. 1; see also Fig. 3 for the percentage of the stimuli 

reported as painful). 
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Fig. I. Comparison of VAS rating, (median values: n = IO) for 5 

stimulus intensities during the 3 blocks of the experimental sessions. 

At the middle ot the scale (VAS = SO). an anchor marks the border- 

line hetwern the non-painful and painful domain of sensation. Block 

1 is the control situation (horizontal bars represent interquartile 

range). Block 2 examines the influence of a conditioning stimulation 

either HNCS (hand in cold water) or MT (arithmetic subtraction). 

Block 3 corresponds to the recovery situation. During HNCS, there 

is a significant reduction in VAS ratings for stimulus levels 3 and -1. 

The effect of M’T appears ah a global shift of the stimulus-response 

relationship towards higher stimulus intensities. (Wilcoxon paired- 

rank te\t on Blocks 2 vs. I; * P < 0.05: ** P < 0.01: *** P < 0.005.) 

The CO, laser system generated a highly collimated infrared 

beam (wave length: IO.6 wrn). The power output was adjustable 

continuously between I and 15 W by controlling the plasma tube 

operating current; pulse duration was controlled electronically from 

5 msec to continuous wave operation. The beam diameter could he 

adjusted from 2 to 20 mm at the target site (i.e., 2 m in front of the 

laser head) hy controlling the distance between two concave mirrors. 

The CO, laser was locked in the fundamental transverse mode 

(TEM,,,,). So. the irradiance profile across the beam at the target site 

agreed with the gaussian distribution. The power output was moni- 

tored by deviating. on a germanium window, I% of the infrared 

beam to a fast pyrodetector (Molectron P4: bandwidth: 0.5-3000 

Hz). The reproducibility (+ 1%) of the laser stimuli was very acctl- 

rate. A HeNe laser heam (Hughes Aircraft Corporation; wave length: 

632.X nm: I mW) was adjusted to hc coaxial and expandable with the 

infrared beam to visualize the stimulation site. The laser equipment 

was kept in an adjacent room to reduce the burden of noise and 

heat. The laser beam was deflected through a hole in the wall by a 

remotely controlled gold-coated flat mirror into the experimental 

room. Subjects sat comfortably in an armchair with head at a fixed 

distance from the mirror (I.20 m). Laser pulse parameters (output 

power, stimulus duration, beam diameter and target site) were con- 

trolled from within the experimental room. The position of the laser 

beam, monitored via a closed video circuit. was automatically dis- 

placed after each stimulus to avoid skin overheating. Subjects and 

experimenters weared protective goggles. Guidelines for control of 

laser hazards were followed to make accidental stimulation impossi- 

ble. To avoid any visual or acoustic clue, all equipment possibly 

associated with the production of the stimulus was well outside the 

visual field of the subjects who also wore headphones as a muffler 

(Ultramufit. Racal Safety. UK). They nevertheless could percetve a 

loud sound within the spectral band of the human voice. 

Conditioning stimulus 
Subjects received a conditioning stimulus (HNCS or MT) during 

the second block. For the HNCS group, the second block began 30 

set after the subject had immersed his left hand in a 5°C circulating 

water bath. Pain onset started after about 10-15 sec. peaked after 

30-45 sec. and then slightly decreased and stabilized. This pain was 

at the limit of tolerance for most subjects. During the second block. 

for the period of IO-30 set preceding the te\t stimulus, subjects ol 

the MT group had to subtract the number 3 from a number which 

was chosen at random between 700 and 1000. and preyented on a 

video display. In the control group (Control) subject< recelvcd 3 

series ol‘ test stimuli without conditioning \timulu< prcaentation. 

Duta acquisition 
Rcucriot~ flt~c. A computer-operated warning huzer signaled the 

beginning of each trial, Simultaneously a visual message appeared on 

the screen of a video monitor placed in front of the <ubjrct. The time 

(foreperiod) between the warning signal and the tc\t stimulus was 

varied at random from 2 to IO sec. except l’or the second block of the 

MT group where the foreperiod varied from IO to 30 set (see ahove). 

The positive edge of the laser pyrodctector triggered the computer 

clock (mscc resolution). Subjects were instructed to push. as last a\ 

possible. a micro-switch mounted on a hand-controller, after perceiv- 

ing the laser stimulus. This halted the clock and thus determined 

reaction time C-F). The resulting 7‘ was fed hack to the subject after 

completing the sensory report task (see helow). If a suhjcct had not 

detected the stimulus after 4 sec. the clock was automatically stopped. 

ltltrncrty q/ perw~rw~ .wmutim. After the reaction time task. 

subjects had to rate the intensity of sensory perception hy moving a 

hand-controlled cursor along a IOO-mm horizontal visual analoguc 

scale (VAS) displayed on a video screen. The VAS was annotated 

with the words “no detection” and “maximum pain” at the appropri- 

ate ends. At the middle of the scale (VAS = 50). an anchor marked 

the hordcrline between the non-painful and painful domain 01 xens:l- 

tion: this type of magnitude-estimation procedure has hecn used by 

others (Willrr et al. 1084; Talbot et al. 1YX7). The final pouition of 

the cursor indicated intensity of perception. 

Cerehrul c,oketl pofc.r~tictls. CEPs were ohtaincd only lor the 

HNC‘S and MT groups. Subjects were instructed to keep eyra open 

and to watch the video screen while waiting tar preparatory signals. 

CEPs were recorded with needle electrode\ placed at the vertex 

(CL ) and the right ear (A+ ). and with the common Ireferenccd to 

the right wrist. Electrodes weI-e connected to ;I <;outd Universal 

Bio-amplifier (handpars: 0.3-31 I 17; gain: 3~000: I ). EEG wa\ moni- 

tored on-line. Data acquisition was pertormcd at IO00 cps tor I-set 

periods following the onset of stimulation. Signals were cligitllrd via 

a I?-hit A/D convertor CEDl401 and \torcd t’or off-lint analysis 

with the SIGAVG and SPIKE2 software procedures (Cambridge 

Electronic Design. UK). Single trial (‘El’\ were averaged fcjr each 

intensity of laser stimulation after deleting the few contaminated 

sweeps by elf-line visual inspection. 

7i,nl[>rrutlrrc, moniroring After each laser stimulus,. haaelinc cheek 

skin temperature was measured with a thermistor; it was on .Iverage 

34.5 f I.O”C (mean i S.D.). The ambient temperature of the room air 

was measured at the same time: it wa\ around 23.6+O.Y”(‘. Basal 

variation\ in temperature of skin and room did not exceed 0.3”(‘ 

during a \inple session and were not ditferent between groups. 

Duta analysis 
Median VAS ratings corresponding to each stimulus intensity in 

the 3 blocks were calculated. By interpolation, the thermal energy of 

the CO, laser stimulator corresponding to the pain threshold per- 

ception (VAS = SO) was computed. 

Given the heterogeneous composition of the 3 experimental 

groups (some subjects withdrew from the initially planned experi- 

mental design). the groups (subjects: n = IO) might not he considcrrd 

as independent and. therefore, were treated separately. Within each 

experimental group. data were analyzed statistically using a l-factor 

repeated-measures ANOVA with intensity of stimuli as grouping 

factor and blocks as within-subjects tactor. Comparisons between 

treatment means were based on Scheffe’s F test. In addition. as 5 of 



the subjects participated to the 3 experimental groups, a between- 

group (subjects: n = 5) analysis on the differences hetwccn hlockh 

was performed using the same ANOVA. 

Paired comparisons were performed with the Wilcoxon signed- 

ranks test. 

Statistical computations were realized with SYSTAT software 

(Systat, 1989. Evanston, IL). 

Signal detection analysis 
Pain ratings were also analyzed according to the signal detection 

theory (SDT) (Green and Swets 1966). There has been a debate 

about the use of SDT procedures for experimental studies concerned 

with pain measurement. There is nevertheless a consensus on the 

validity of SDT for the study of discrimination performance (Roll- 

man 1977; Chapman 1977; Jones 1979; Coppola and Gracely 1983). 

To evaluate discrimination performance in the present study, scores 

on the VAS (O-100) were converted into a discrete lo-level scale. 

Then these ratings were pooled across subjects separately for each 

stimulus intensity, block and experimental condition, except for the 

control group where responses were pooled across blocks. In this 

way, discrimination performances were computed for each intensity 

for at least 80 stimulus presentations and a maximum of 240. As 

pointed out by McNicol (19721, tolerable measures of sensitivity arc 

obtainable with as few as 50 signal and 50 noise trials. We were 

forced to limit the number of trials in order to avoid skin irritation, 

discomfort and fatigue of the subjects. Analysis was based on the two 

usual statistical models: normal distribution and non-parametric. An 

iterative technique presented in SIGNAL (Stenson 1988) was used in 

order to produce maximum likelihood estimates of model parame- 

ters. In all cases, the Pearson chi-square statistic indicated that the 

normal (gaussian) distribution model parameters fitted the input 

data. Statistical comparison of proportions of areas under receiver 

operating characteristic (ROC) curves was based on a method pro- 

vided by Hanley and McNeil (1983). This sensitive method took into 

account that the areas were derived from the same set of subjects 

(paired data). 

Results 

Sensations induced by laser stimuli 
When stimulating the skin of the upper lip with 

short laser pulses of energy levels in the range of 
0.25-0.80 J (6.3-20 W), subjects could clearly discrimi- 
nate between thermal and painful sensations. They 
reported a sensation of “warm breath” when low in- 
tensity stimuli were applied. This kind of sensation was 
never reported with strong painful stimuli. As already 
noticed by Lewis and Ponchin (1937) and Campbell 
and LaMotte (1983) the classical sequence of first and 
second pain was not easily felt on the face. Neverthe- 
less, for the most intense laser stimuli, several subjects 
spontaneously reported a short and small spot of prick- 
ing sensation followed by a long-lasting (set) and irra- 
diating burning after-sensation. In the course of these 
experiments, no attempt was made to discriminate 
between the two pain sensations; subjects (n = 15) were 
asked to focus their attention waiting for stimulation 
and respond on the first sensation felt. 

Five stimulus intensities were chosen in such a way 
that, on average, the 2 most intense stimuli evoked a 

pricking pain sensation, the 2 least mlense ,: ‘~i-i~-ni 
sensation, and the intermediate a hot or near-painful 
sensation (Fig. I). The proportion of reported painful 
sensations is presented in Fig. 3 I~I ~~tcll stimulux 
intensity. 

The 5 stimuli were applied 4 times at random (n = 
20), and the collected data constituted 1 experimental 
block. This protocol was repeated 3 times during I 
experimental session, and yielded 3 blocks of data 
(n = 3 X 20). Block 1 corresponded to the control situa- 
tion, Block 2 examined the influence of the presence 
(or absence for the control group) of a conditioning 
stimulation, and Block 3 corresponded to the recovery 
situation. The stimulus-response curves obtained, as 
based on the medians, appeared S-shaped. Neverthe- 
less stimulus-response relationship was fitted to a sim- 
ple linear regression model as it appeared the most 
parsimonious by comparison to the linear transformed 
power or logistic functions; indeed residuals of the 
regressions were very close. VAS ratings were signifi- 
cantly related to stimulus strength, as confirmed by a 
2-factor repeated-measures ANOVA on the control 
group (& = 48.6; P = 0.0001); no significant variations 
were noted between the 3 blocks ( F2 =~ 2.2; P = 0. I 13 i 
and no interaction was observed between the factors 
(F, = 0.8; P = 0.640). 

The pain threshold was defined as the thermal en- 
ergy corresponding to the 50 anchoring mark on the 
VAS (Talbot et al. 1987) and its computed value, as 
observed in the control group, was on average 0.587 i: 
0.102 J. It varied significantly between subjects (1c; = 
14.0; P = 0.0001); however, it did not vary significantly 
between blocks (F, = 0.9; P = 0.434) (Fig. 2). 

The pain threshold was also defined as the energy 
level for which probability of pain detection was 0.5 

Control 

fzro”P 

HNCS MT 

i?muP @-v”P 

1 
BLOCKS 

Fig. 2. Comparison of pain thresholds (mean and S.D.; n = IO) 

during the 3 blocks of the experimental sessions in the control group 

and the 2 groups with conditioning stimulation (HNCS and MT). In 

the control group, the pain threshold does not change across blocks. 
During both conditioning situations (Block 21, the pain threshold 

increases significantly by about 0.1 J. as compared to Blocks 1 and 3. 
(Wilcoxon paired-rank test on Blocks 2 vs. 1; * P < 0.01.) 
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Fig. 3. The frequency distribution of reaction times (T) evoked by 

each of the stimulus levels (n = 120) is displayed as a histogram for 

the control group. It can be seen that the number of short Ts 

increases as a function of stimulus intensity, as well as the percent- 
age of the stimuli reported as painful. For an intensity of 0.541 J. 

nearly one-half (47%) of the stimuli are perceived as painful, and the 

proportion of short Ts increases clearly. Whatever the intensity level, 

the right tail of the distributions is fairly long; the density function is 

thus skewed. This is particularly apparent for the low stimulus 

intensities (0.256 and 0.396 JJ where the distributions of Ts appear 

bimodal. 

(Campbell and LaMotte 1983). Its value computed by 
linear interpolation was 0.549 J, slightly lower than the 

threshold computed above. The percentage of stimuli 
perceived as painful increased as a function of stimulus 
intensity. For low-level stimuli, false alarms were noted, 
whereas for high-level stimuli, misses were observed; 
the respective percentages of pain report following 
application of the 5 intensity levels used in this study, 

are indicated as inserts in Fig. 3. 
Effects of HNCS on sm.sation. Data were collected 

from 10 subjects which were submitted to the HNCS 
(i.e., hand in cold water). The 2-factor repeated-mea- 

sures ANOVA applied to the VAS ratings showed 
there was a very strong effect of stimulus strength 
(F, = 53.4; P = 0.0001) and also a noticeable difference 
in VAS ratings between the 3 blocks (F, = 16.9; P = 
0.0001). A significant interaction between the 2 factors 
( F2 = 3.3; P = 0.0025) predicted that the treatment ef- 

fect depended, in some way, on stimulus intensity. As 
shown in Fig. 1, during the conditioning stimulus (Block 
2) as compared to the control situation (Block I), the 

VAS ratings were significantly depressed for the stimu- 
lus intensities near pain threshold (paired compar- 
isons). Neither the sensation of warmth induced by the 
2 lowest stimulus intensities nor the painful sensation 
induced by the strongest stimuli were significantly af- 
fected, although in the latter case the percentage of 
pain reports decreased from 82% (Block 1) to 71% 
(Block 2). The HNCS effect was reversible (Fig. I, 
Block 3). 

During the HNCS, the pain threshold was signifi- 
cantly increased on the average by more than 0.1 J 

A 
1 1 , I 
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Fig. 4. The mean difference between the reaction times (AT) of 

Blocks 2 and 1. is displayed as a function of stimulus levels. In the 

control group. 3Ts are not statistically different from the null 
difference. During HNCS, the differences between the Ts of Blocks 

2 and 1 are positive; the most significant differences are noted for 

stimulus levels 3 and 4. The MT conditioning increases the ATs by 

some 100 msec on average. However the increase in ‘fs during MT 

(comparison of the Ts of Blocks 2 vs. 1) is relatively more important 

for painful t + 27%) than for non-painful stimuli t-t IX”? J. (Wilcoxon 
paired-rank test: * P < 0.05: ** P < 0.01: *** P < 0.005.) 



(Fig. 2). It was noted (Fig. 1) that this difference 
appeared as a decrease in the slope (P = 0.02) of the 
stimulus-response regression lint and not as a change 
in the intercept (P = 0.235). 

Effects of MT on sensation. In the MT group. I(1 
subjects were asked to perform arithmetic subtraction. 

The 2-factor repeated-measures ANOVA of the VAS 
ratings again suggested a very strong effect of stimulus 

strength (F, = 82.2; P = 0.0001) and treatment blocks 
(F? = 14.7; P = 0.0001). However, absence of a signifi- 
cant interaction between factors (F, = 1.3; P = 0.276) 
indicated that MT conditioning reduced the perception 
evoked by all stimulus intensities. This appears in Fig. 
I as a global shift of the stimulus-response curve to the 
right during the conditioning stimulation (Block 2). 

This effect was also reversible (Fig. 1, Block 3). 
The increase in pain threshold during the MT was 

very significant as compared to Blocks I and 3 (Fig. 2). 
It appeared as a change in the intercept (P = 0.045) of 
the stimulus-response regression line, without change 
in the slope (P = 0.523). 

Reaction time with short laser stimuli 
For the control group, the 2-factor repeated-mea- 

sures ANOVA indicated that reaction time (T) was 
dependent on the stimulus intensity (F, = 4.6; P = 
0.0035) and independent of the treatment blocks (F2 = 
0.9; P = 0.427; F8 = 0.8; P = 0.638). Data obtained from 
the 3 blocks were then pooled, and the Scheffk’s F test 
was applied to perform contrast analysis. The test 
showed no difference between Ts following stimuli 
producing a feeling of warmth (levels 1 and 21, or 
between Ts following stimuli levels producing a rather 
painful sensation (levels 3-S). However, the Ts follow- 
ing, on the one hand, the stimuli levels 1 and 2 and, on 
the other hand, the stimuli levels 3-5, were statistically 
different. The distribution of 7’s evoked by each of the 
stimulus levels (n = 120) was displayed as a histogram 
for the control group (Fig. 3). It was seen that the 
number of short Ts increased as a function of stimulus 
intensity, as well as the percentage of the stimuli 
reported as painful. For an intensity level 3 (0.541 J), 
nearly one-half (47%) of the stimuli were perceived as 
painful, and the proportion of short Ts increased 
clearly. Whatever the intensity level, the right tail of 
the distributions was fairly long; the density function 
was thus skewed. This was particularly apparent for the 
low stimulus intensities (0.256 and 0.396 J) where the 
distributions of Ts appeared bimodal. The mean dif- 
ference between the reaction times (AT) of Blocks 2 
and 1, was displayed as a function of stimulus levels 
(Fig. 4); ATs were not statistically different from the 
null difference. 

Effects of HNCS on reaction time. In the HNCS 
group, the dependance of the Ts on the stimulus 
intensity was very significant ( F4 = 4.6; P = 0.003); there 

was also a significant cffcct of blocks i f, i : i’ 
O.OOS), although no significant interactIon between 1:~ 
tars could bc detected ( Fs == 0.X: P’ : 0.5%). ~l’hc dii’- 
fcrcnccs between the 7’s of Blocks .’ and i. WCK 
positive; and the most Ggnificant differences wrlc 
noted for stimulus levels 3 rmd 4 (Fig. -1; paired com- 

parisons). Similar obsen/ation was made for Blocks 2 
versus 3 paired comparisons. There was no af’tcr-eft’cct 

of the HNCS since the differences between 7’s 01 
Blocks 3 and 1 appeared not significant. Therefore the 
block effect may be attributed to HNCS. 

Effects of MT on reaction time. In the MT group, the 
rs were influenced by the stimulus intensity (F, - 4.7; 
I’ = 0.003) and particularly by the blocks (F, = 46.X; 
P = 0.0001). The block effect was independent of the 
strength of test stimuli as the interaction between 
factors was not significant (FH = 0.4: f’ = 0.927). 4s 
shown in Fig. 4, the MT conditioning increased the 
ATs by some 100 msec on average. However the in- 
crease in Ts during MT (comparison of the Ts of 
Blocks 2 vs. 1) was relatively more important for painful 
( + 27%) than for non-painful stimuli ( -I- 18%). 

Late cerebral potentials n,oked by laser stimuli. As 
reported by Treede et al. (1988). the early components 
(latency: < 150 ms) of the somatosensory cerebral po- 
tentials (CEPs) evoked by laser stimuli, and recorded 
at the vertex, appear of small amplitude, and most of 
the time are quite difficult to identify. On the contrap. 
late components are easy Lo identify (Carmon et al. 

1978). Of these, the components N2 and P2 (Bromm 
and Treede 1987) have been selected for further analy- 

sis. In response to activation of trigeminal receptors by 
laser stimulation, N2 appeared as a negativity with a 
mean latency of 207 t_ 29 msec, and was followed by a 
large positive complex, denoted P2, the mean latency 
of which was 303 f 34 msec (Fig. 5). The average 
peak-to-peak amplitude of N2-P2 was 25.2 + 15.1 pV. 
With increasing stimulus intensity, the latencies of N2 
and P2 appeared reduced, and the N2-P2 peak-to-peak 
amplitude increased. As reported by Arendt-Nielsen 
(1990a1, the power spectrum of the CEP appears as a 
sensitive parameter to quantify cerebral potentials 
evoked by laser stimuli. In the present study, the power 
spectrum density (area under curve) of the CEP was 
computed in the 2-7 Hz band; and the averaged power 
density increased with stimulus intensity. Simple lineal 
regression analysis confirmed the statistical signifi- 
cance of these relationships (Table I). With increasing 
stimulus intensities from level 1 to 5, the N2-P2 peak- 
to-peak amplitude increased on the average by 96%, 
and the power spectrum density by 270%.; therefore, 
the power spectrum density was used as the preferred 
variable for the study of HNCS and MT. 

Effect of HNCS on CEPs. A 2-factor repeated-mea- 
sure ANOVA on the CEP latencies showed that N2 
was significantly related to the laser stimulus intensi- 





Differences in 7’s between Blocks I and 7 show& 
variation with groups (F = 5.4; P = 0.009) without vari- 
ation with stimulus intensities (F = 0.6: P = 0.673) and 
no interaction (t: = 0.6; P = 0.750); similarly differ- 
ences between Blocks 2 and 3 showed variation with 
groups (F = 6.0; P = 0.005) and no variation with stim- 
ulus intensities (F‘ = 1.6; P = 0.219). Paired compari- 
son showed that the difference between groups lied on 
Control versus MT (z = - 2.76; I’ = 0.006) and HNCS 
(z = - 2.03: P = 0.042); the Control versus HNCS 
comparison was even more significant when data col- 
lected with the near-painful stimulations (levels 3 and 
4) were used (z = - 2.60; P = 0.009). 

The mean differences in power spectrum densities 
of CEPs between Blocks 1 and 2 for the HNCS and 
MT groups wele significant for the groups (F = 4.4: 
P = 0.048). however not for stimulus intensities (F = 
0.8; P = 0.567) and without interaction. This difference 
resulted from a decrease in the power spectrum of 
HNCS during Block 2. No significant variation could 
be noted when comparing mean differences of HNCS 
versus MT between Blocks 2 and 3; this confirmed that 
the power spectrum density during MT was not af- 
fected and that the effect of HNCS was quite pro- 
longed. 

Discrimination performance 
Methods of the signal detection theory (SDT) have 

been used to investigate the capacity to discriminate 
laser stimulus intensities. The index of discrimination 
performance P(A) is based on the surface area under 
the receiver operating characteristic (ROC) curve which 
may range between 0.5 = no discrimination at all and 
1.0 = perfect discrimination. Fig. 7A,B presents this 
ROC area as a function of the difference in energy 
(AEnergy) between the lowest (level 1) and successive 
increasing laser stimulus intensities (levels 2-5). Fig. 
7A presents this relationship for the control group 
(blocks were pooled) and separately for each experi- 
mental block in the HNCS group. Fig. 7B was con- 
structed in the same way and compared control group 
and blocks in the MT group. There was an overall 
tendency of discrimination performance to increase 
monotonically from about 0.77 towards a plateau of 
about 0.95 as the difference in energy between stimuli 
became larger. However, during HNCS (Fig. 7A, Block 
2) discrimination of stimuli near pain threshold (levels 
3 and 4) were significantly depressed as compared to 
Block 1 (respectively z = 4.549; P < 0.0001 and .z = 
2.694; P < 0.005). After HNCS (Fig. 7A, Block 3) par- 
tial recovery was noticed, although reduction in dis- 
crimination performance remained significant (P < 
0.05). 

Signal detection analysis was also applied to succes- 
sive stimulus pairs (levels 2 vs. 1,. . . ,5 vs. 4). Although 
differences in intensities between paired stimuli were 

Ai Bj 
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Fig. 7. The proportion area under the ROC curve is presented as a 

function of the difference in energy (AEnergy) between the lowest 

(level I) and successive increasing laser stimulus intensities (levels 

2-S). This relationship is shown for the control group (blocks arc 

pooled) and separately for each experimental block in the HNCS 

group on the left side. The right side is constructed in the same way 

and compares control group and blocks in the MT group. There is an 

overall tendency of discrimination performance to increase monoton- 

icaly from around 0.77 towards a plateau of about 0.95 as the 

difference in energy between stimuli becomes larger. However, dur- 

ing HNCS (Block 2) discrimination of stimuli near pain threshold 

(levels 3 and 4) are significantly depressed as compared to Block 1 
(respectively z = 4.549; P < 0.0001 and z = 2.694; P < 0.005). After 

HNCS (Block 3) partial recovery is noticed, although reduction in 

discrimination performance remains significant (P < 0.05). During 

and after MT. no such changes are observed: the general trend of 

discrimination performance is similar to that of the control group. 

of similar magnitude (on average 41 mW/mm*), there 
was an overall tendency of discrimination performance 
to decline as the range of absolute stimulus intensities 
increased. Areas under the ROC curves computed for 
warm (levels 2 vs. 1; P(A) = 0.788) and painful stimuli 
(levels 5 vs. 4; P(A) = 0.664) were statistically different 
(t = 2.892; P < 0.002). Thus discrimination perfor- 
mance of laser stimuli was better in the non-painful 
(warm) as compared to the painful domain of percep- 
tion. 

During HNCS (Block 2), the most prominent fea- 
ture was the drop in discrimination performance be- 
tween stimuli levels 3 (near painful) versus 2 (warm) as 
compared to Block 1 (respectively P(A) = 0.533 and 
P(A) = 0.827; z = 4.221; P < 0.0001). 

During or after MT, no such changes were observed 
(Fig. 7B): the general trend of discrimination perfor- 
mance was similar to that of the control group. 

Discussion 

The present studies aimed at examining the speci- 
ficity of the action of HNCS by comparing its effects to 
those induced by MT on warmth and pain perception 
and psychophysiological correlates T and CEP. A be- 
tween-group analysis, based on differences between 
blocks, was run; it came out that the control group 



behaved differently as compared to MT and HNCS 
provided that, in the last case, data collected with 
near-painful stimuli were considered. In other words 
the MT and HNCS conditioning (Block 2) induced 
significant changes, howeveT differently. 

The differences between the effects of HNCS and 
h$T may be summarized as follows. 

(I) Both HNCS and MT increase the detection 
threshold for pain. However, as revealed by the shape 
of the stimulus-response relationship, the change in 
perception is subtiy different. MT depresses indiscrimi- 
nately the perception of warmth and pain induced by 
laser stimuli; as a consequence, the stimulus-response 
curve shifts to the right (Fig. 1). The HNCS depresses 
the somatosensory perception mainly for intermediate 
laser stimulus intensities (levels 3 and 4); this is mani- 
fested by a change in the slope of the stimulus-re- 
sponse curve (Fig. 11. 

(21 Reaction time is on average increased by IfIf) 
msec during MT: this effect seems to be relativefy 
more important for nuxi~~lls than for non-noxious taser 
intensities. During HNCS the Ts are mainly incrcascd 
for the laser intensities near pain threshold (Fig. 4). 

(3) During HNCS the power spectrum density in 

the 2-7 Hz frequency band is depressed over the whole 
range of test stimuli. MT has no apparent effect (Fig. 
6). 

(4) Discrimination performance near pain threshold 
is dramatically depressed during HNCS (Fig. 7A). No 
such effect is observed during MT (Fig. 7B). 

Before reviewing these different points, some com- 
ments should first be made concerning the controf 
situation, to discuss the somesthetic sensations and 
correlates evoked in the trigeminal domain by CO, 
laser stimulation. 

Responses to short laser stimuli in the trigeminal area 
Ir~fluencc of‘ haselinc~ skin temperature. Pertovaara et 

al. (1088) showed that increasing the adapting skin 
temperature from 27.6 to 35.3”C, decreases the pain 
threshold for CO, Iaser stimuli by 0.117 .I or 1.83 J/m> 
(i.e., 54%), Ln other words, within this range of adapt- 
ing skin temperatures, the pain threshold decreased by 
0.24 Jjm’/“C (5.9%,/V. Therefore, during the pre- 
sent experiments, the small increase observed in base- 
line temperature by adaptation to room temperature 
(+0.2O”C) or by the combined effect of HNCS 
(+0.37”C) could not possibly be responsible for the 
increase in pain threshold caused by HNCS or MT 
conditioning. 

Skin baseline temperature may influence reaction 
time. For instance peripheral conduction velocity of 
human motor and sensory fibers has been shown to 
increase by 2 m/set/Y (De Jesus and Hausmanowa 
1873). Arendt-Niefsen and Bjerring (IY8Xa) reported a 
linear decrease of reaction time CT= 662 - 8.55 x “Cl 

with increasing skin temperature to an argon laser 
stimulus of 0.320 J. Thus, it appears unlikely that the 
small changes in baseline skin temperature obscrvcd 
within 1 experimental session could have influenced 
significantly the Ts nor the CEP latencics. 

Paitz threshold. As the sequence of the first and 
second pain is not easily felt on the face. subjects wcrc 
asked to concentrate on the first pain, The perception 
threshold for the first pain is tf.587 i ft. IO;? J ( 14.7 W or 
7.48 _L 1.30 J/m’) with the f~~lf~)~i~~g stimulus paramc- 
ters: 4%msec duration and tft-mm beam diumetcr (79 
mm’). This is in good agrecmcnt with data taking into 
account the dcpendance on stimulus parameters (arca, 
duration) and skin region (Bichl et aI. lW4: Dclisle 
1991). Rich1 ct al. (1983) reported that within the time 
range of 7-50 msec, pain threshold ttrr CO, laser 
stimuli applied to the dorsum of the hand remained 
constant at X.2 i i.9 J/‘m’ (arca: 75 mm’~. Others 
(Ar~ndt-Nielsen and @erring Ic)Xtihf fitr a time range 
of 5(1-500 msec. found pain threshold for CO, laser 
stimuli applied to the dot-sum ot’ the hand to IX of the 
order of 6.0 J/m2 (area: 7 mm’f. Pcrtovaara ct al. 
( 1988) f‘ound, on the hairy skin of the forearm. lower 
values for pain threshold corresponding ttr 3.1 J/m’ 
(area: 04 mm’): this lower value may be attributed to 
differences in the techniques of laser stimulation. 

li~trclion tbnc. Campbell and LaMotte (lW3) rc- 
ported a decrease in median 7’4. as a function of 
stimulus temperature, to a plateau of 7110 msec in the 
cast of CO, laser stimuli prcscntcd to the thcnar 
eminence of the hand, and to a plateau of 400 msec fol 
stimufi presented to the distal forearm. Arendt-Niclscn 
and Bjerring (lt)Xtia) appiied CO, iascr stimuii to the 
dorsum of the hand and reported also a decrease in Ts 
with increasing laser intensity. For stimuli abnvc scn- 
sory threshold, they found Ts to hc about 700-X0(1 
mscc arId for stimulation at pain thrushold, they no- 

ticed ?‘s of about 350-450 msec. In the present cxperi- 

mcnts, the 7‘s associated with painful stimuli wcrc also 
significantly shorter than those produced by non-pain- 
fui stimuli, These observations (Fig. 3) and those ot 
Arendt-Nielsen and Ejerring t IW-bf ma>’ thus ~~ggcst 
the possible existence of at Ieast two sets of rcsponsc 
times associated either w-ith warm or pain perception. 
A detailed analysis concerning the influcncc of laser 
stimulus intensity and perception modality on reaction 
time distributions will be reported elsewhere. 

Cwc~hrul potentids cr~okcd I?\, .clwrt laser stimrdi. As 
filter settings of recording devices, numhcr of single 
averaged responses and stimulation sites vary among 
laboratories, it is difficult to compare latencics and 
amplitudes of the CEPs although the general shape is 
similar. The present study confirms the significant rela- 
tionship between Iaser stimulus ~~~tensity and the pcak- 
to-peak amplitude of the CEPs (Carmen et al. t97h: 
Bromm and Trecde 19ti?; B.&-ring and ,~rendt-Nieiscn 



1988; Treede et al. 1988) and the higher sensitivity of 
the power spectrum density in the 2-7 Hz frequency 
band (Are~dt-Nielsen 199Oal. Because of the shorter 
distance in the trigeminal domain (2 15 cm on average), 
the peak latencies N2 (negativity at 207 _t 29 msec) and 
P2 (positivity at 303 -t_ 34 msec> are smaller than those 
evoked by laser stimuli applied to the dorsum of the 
hand or the foot (Treede et al. 1988; Kakigi et al. 1989: 
Arendt-Nielsen 19%~). Although some authors found 
the peak latencies to be independent of stimulus inten- 
sity Urcede et al. 19881, others reported shortening of 
latencies with increasing stimulus intensity (Bjerring 
and Arendt-Nielsen 1988). Here, the N2 and P2 peak 
latencies are best correlated with stimulus strength (see 
Table I). Peak latencies shorten on average by 6S msec 
from the lowest to the highest stimulus intensities (Fig. 
51, and they differ by a constant interval of $- 105 msec. 
With painful laser stimuli applied to the dot-sum of the 
hand and foot, Treede et at. (19881 reported an N2-P2 
peak interval of 14s and 158 msec, respectively. 

As shown by VAS scores during MT, atte~tio~al 
processes may contribute to a significant attenuation of 
pain (Fig. 1). It is well known that any situation which 
attracts intense and sustained attention is abfe to re- 
duce pain perception. Witler (1984) showed that during 
a mental task, similar to the one used in the present 
studies, both pain reports and nociceptive reflexes 
(RIB) decreased and recovered with the same time 
constant. Bushnell et al. (1985) reported that atten- 
tionai manipulations reduce both the detectability of 
intensity changes and the latency of correct detections, 
with greater effects in the noxious heat range. In the 
present results, MT induced a prolongation of Ts 
whateser the stimulus intensity. These observations are 
in agreement with the data of Bushnell et al. (1985; 
their Fig. 3) because the actual MT condition is more 
likely to correspond to the out-of-focus state produced 
by their “incorrect signal condition”. This attentional 
effect may not be explained by differences in motor 
preparation since the identical motor response was 
required in all conditions. It is thus most easily inter- 
preted as an effect on the decision latency which is 
prolonged as the subject has to switch his attention 
from the sustained and ongoing mental task to the 
perception of an incoming somatosensory signaf Kuce 
19%). 

To date, few studies have investigated the atten- 
tional effects on samatosensory event-related poten- 
tials evoked by noxious stimulation. Miltner et al. (1989) 
reported that the amplitudes of the late evoked poten- 
tial components were significantly smaller when the 
subject’s attention was directed away from the non- 
painful or, during a separate session, from the painful 
stimuli as compared to a situation where the subjects 

focus their attention to the same stimuli. Howler. 1~ 
has been shown previousty by Desmedt ct al. t !W7) 
that intended stimuli induce larger P300 than non-in- 
tended stimuli. In the present studies. latency and 
power spectrum density of late components evoked hy 
painful and non-painful stimuli were not affected 17) 
the MT as compared to a control situation, although 
VAS ratings and Ts were influenced. Absence of a 
modification of the power spectrum density by MT 
should not be interpreted as a floor effect (Fig. 61. 
since it was significantly n~odulated by stimulus intensi- 
ties. Interestingly, Meier et al. (1993) reported that 
hypnotic hypo- and hyperalgesia modified pain ratings 
without influence on pain related CEPs. 

As the discrimination performance is concerned, no 
effect of MT was noticed (Fig. 7B); from a mathemati- 
cal point of view, this could have been expected since 
MT induces a rigid shift of the stimulus-response curve 
to the right (Fig. 1). 

The effects of HNCS on pain threshoid and sensory 
discrimination in man has been examined by several 
authors using different conditioning procedures, test 
stimuii and regions of the body involved (Hardy et al. 
1940; Willer et al. 1979, 1984; Pertovaara et al 1982; 
Jungkunz et al. 3983: Talbot et al. 1987, 1989; De 
Broucker et al. 1990). Price and McHaffie (1988) have 
observed that the inhibitory influence of HNCS on 
pain perception is more potent on C afferent (second 
pain) as compared to A afferent (first pain) mediated 
responses. HNCS depresses also the nociceptive flex- 
ion reflex RI11 (Wilier et al. 1984, 19891, and the late 
components of the CEfs (Chen et al. 1985). 

In the present experiments, subjects were asked to 
concentrate on the first pain. It is clear, from examina- 
tion of the VAS response curves, that the most af- 
fected score is that near pain threshold (Figs. 1 and 7). 
Tatbot et at. (1987) have shown a reduction of ratings 
for the whole range of stimuli (non-noxious and nox- 
ious heat) by cold pressor pain. Stimulation technique 
and parameters used (thermode vs. CO, laser) might 
welt account for these differences. The same group 
(Marchand et al. 1991) also reported that ratings near 
pain threshold appeared to be particularly altered by 
TENS fsee their Fig. 4). The reduction, during HNCS, 
of the stope of the stimulus-response curve (Fig. 1) is in 
agreement with previous observations by Wiifer et al; 
(1984). 

Simple reaction time is only significantly prolonged 
for near-painful stimulation (Fig. 4, levels 3 and 4) just 
as do the VAS scores (Fig. 11. Reaction time responses 
present a bimodal distribution (particularly apparent 
for low-level stimulation: see Fig. 3; Campbell and 
LaMotte 1983). It coufd be speculated that the set 
concerned with the longer reaction times may become 
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predominant during HNCS, possibly implying that per- 

ception involves other neuronal networks. 

Power spectrum density of the CEPs is reduced for 
the whole range of stimuli during HNCS (Fig. 6). This 
reduction may be the result of a shift in the relation 
towards higher stimulus intensities; an unc~~upling is 
especially noted for test stimuli in the low- and mid- 
range intensities and, consequently, evoked neuronal 
activity, if any, might then become buried in the back- 

ground noise (vide infra). 
As sensory discrimination is concerned, the most 

prominent change during HNCS is noted for the VAS 
rating near pain threshold. indeed, at the frontier 
between painful and non-painful sensations, a dramatic 
drop in capability to discriminate is observed, as at- 

tested by a reduction in the proportion of ROC area 
(Fig. 7). As consequence the detection between non- 
painful and painful sensations, in other words, perfor- 

mance in modality detection, is improved. However, 
this enhanced performance is obtained at the expense 
of reduction in the scaling of warm perception (Figs. I 
and 7). Nevertheless, the ability to filter out near- 
threshold p~~inful stimuli may be imp(~rtant because it 
should reduce the false-alarm rate. Indeed, using the 
pain threshold of Block 1 in the HNCS group as 
cut-off. the false-alarm rate is decreased from 0.20 in 
Block 1 to 0.07 during HNCS (i.e., by 65%) and the 
correct rejection rate is c~)rrespondingly increased from 
0.80 to 0.93. 

Although beyond the scope of the present psycho- 
physiological studies, these observations could be tcn- 
tatively interpreted in the light of the actual knowledge 
of the neuronal circuitry. Unlike dorsal horn widc-dy- 
namic-range (WDRJ neurons, high-threshold nocicep- 
tive-specific neurons and non-n~~ciceptive-specific neu- 
rons are not affected by HNCS (Le Bars et al. 197%). 
Thus, warm and noxious information may still reach 

higher brain centers through these neuronal circuits, 
even though WDR neurons arc inhibited by HNCS. 
However, through these channels, information is trans- 
ferred with reduced discriminative capabifity because. 
unlike for WDR cells, the transfer function of these 
neurons is rapidly saturating (Maixner et al. 1986). In 
view that WDR cells code mainly for intensity of 
perception, the other neurons code for modality per- 
ception (warm vs. pain). Thus, in distant areas of the 
body, the main effect of HNCS would be to promote 
modality detection, i.e., pain versus non-pain detection, 
however. at the expense of intensity coding. In the 
present experiments, during HNCS, VAS ratings and 
RT scores were only significantly affected for stimuli 
near pain threshold, and not for mild warm nor for 
intense noxious stimuli (Figs. 1 and 4). Also. during 
HNCS. discrimination pcrformancc of warm and ncar- 
painful stimuli was profoundly affected (Fig. 7). The 
contrast between the effect of HNCS and that of MT 

on CEPs should be reminded (Fig. 6). The modulation 

of the electrical brain responses by HNCS might possi- 

bly be linked, at lcast partly, to depression of WDR 
cells. MT would be acting further down the stream of 
information in the brain where cognitive aspects of 
pain are processed. 

In conclusion, the present experiments have brought 
additional information to show that HNC’S effects arc 
subtly distinct from those of MT. It is thus likely that 

neuronal processes involved in thcsc two situations 
may bc different. As WDR neurons underlie intensity 
perception (Maixner et al. 108h) and as HNCS pro- 
foundly and selectively inhibit these neurons, ;I phc- 

nomenon called diffuse noxious inhibitory controls 
(DNIC) (Lc Bars et al. 1979a) might be, at Icast in 

part, an attractive candidate as one of the neuronal 
mechanisms responsible for the present ~~bscrv~ltions. 
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