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Abstract
It has been postulated that peripheral large fiber stimulation could modulate pain perception, probably by gating the input from A�-
and C-fibers. The present study examined the effects of concurrent large fiber stimulation on the perception and neurophysiological
correlates of brief CO2 laser stimuli known to activate A�- and C-nociceptor endings selectively. Four test stimuli of brief non-painful
and painful CO2 laser pulses (duration 50ms; diameter 5mm; intensity range 0.116–0.212 J) were delivered at random every 5–10 s on
the dorsum of the left forearm of ten healthy subjects. Large fiber stimulation was performed by a dynamic soft brush applied either
adjacently to test stimuli (segmental brush condition) or on the dorsum of the contra-lateral foot (extrasegmental brush condition).
Perception, reaction time (RT) and laser-evoked potentials (LEPs) were examined for conditions with brush and without brush (control
condition). The signal detection theory (SDT) was used to evaluate the discrimination performance and the decision criterion. During
extrasegmental brushing, these variables were unaffected as compared with control conditions. During segmental brushing, the absolute
detection threshold increased, the probability of detection decreased and the RT increased. Interestingly, the stimulus–response curve
of detected stimuli and late LEPs did not change significantly. SDT analysis showed that segmental brushing did not change the
discrimination performance or sensitivity but increased significantly the subject’s decision criterion for reporting sensation. It was concluded
that segmental brushing acted primarily at supra-spinal levels and not by gating the input from small primary afferents activated selectively
by brief CO2 laser stimuli.
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Introduction

The peripheral stimulation of large myelinated fibers

with a low mechanical threshold is known to alter

pain perception, perhaps by gating the input from

small myelinated and unmyelinated fibers (Melzac

and Wall, 1965). This method is still widely used in

clinical practice and has been subject to numerous

investigations in the laboratory. Nevertheless, objec-

tive and quantitative evaluation of the rationale on

which the method is commonly based has been

scarce, particularly in humans. One major reason for

the paucity of literature on this subject is possibly the

lack of selectivity for nociceptive stimuli, which

makes the evaluation of the interaction between

large and small afferents more difficult to interpret.

Indeed, intraneural stimulation (Bini et al., 1984),

electrical stimulation of peripheral nerves (Ashton

et al., 1984; Golding et al., 1986; Nardone and

Schieppati, 1989), and contact heat stimulation

(Marchand et al., 1991) have been widely used. All

these methods are known to activate simultaneously

the whole spectrum of peripheral afferent nerve

fibers. Yet, valuable alternative methods for selective

non-injurious noxious stimulation exist. For

instance, CO2 laser stimuli are known to activate

selectively the nociceptive free endings of A�- and

C-fibers (Devor et al., 1982; Bromm and Treede,

1984). Moreover, the high power of these radiant

heat sources allows very brief heat stimuli (tens of

ms) to be produced and stimulus locked responses

such as reaction time (RT) and laser-evoked brain

potentials (LEPs) to be recorded (Carmon et al.,

1978; Bromm and Treede, 1984). Nevertheless, only

Kakigi and co-workers used this method consistently

to test predictions of interference stimulation (Kakigi

and Shibasaki, 1992; Kakigi et al., 1993). In a brief

communication, Towell and Boyd (1993) reported

also a modulation of LEPs by concurrent large fiber

stimulation in humans. However, these studies were

limited to the investigation of only suprathreshold

painful laser test stimuli.

The aim of the present study was to further

investigate the effect of concurrent large fiber

stimulation on psychophysical measures and physio-

logical correlates of a set of brief CO2 laser stimuli

extending from the non-painful to the painful

domain of sensation. For this purpose, a soft brush

was applied either adjacent to the skin region

exposed to the laser test stimuli or far outside that

region in order to assess whether or not there was an

interaction at the segmental level.
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Materials and methods

Subjects

Experiments were performed on ten healthy volunteers (nine
males and one female; 27�5.1 years of age, range 23–39). Before
starting an experimental session, detailed information about the
experimental procedures and surroundings were given to the
subjects. To familiarize the subjects with the laser stimuli and
rating procedures a series of laser stimuli of different intensities
were delivered before each session. The rules followed were those
of the Ethics Committee of the Université catholique de Louvain–
Faculty of Medicine.

Experimental design

Each subject participated in three experimental sessions separated
by at least 3 days and maximum 1 week. Each session concerned
one experimental condition. For each condition, four laser
stimulus intensities (0.116, 0.146, 0.186 and 0.212 J) were
repeated 28 times in random order (i.e., a total of 112 test stimuli
per session) with an inter-stimulus interval of 5–10 s. Test stimuli
were directed to the middle of the dorsum of the left forearm. Each
session lasted about 90–100 min.

Test stimulus

Radiant heat stimuli were delivered by an infrared CO2 laser
stimulator (Synrad Inc., Mukilteo, WA, USA) operating in the
fundamental transverse mode (wavelength 10.6mm; maximum
power output 25W). The laser stimulus duration was 50ms and
the stimulation surface area was 20mm2. Laser power output and
stimulus duration were controlled by a programmable pulse
generator (Master 8-cp, A.M.P.I., Jerusalem, Israel), which was
triggered manually by the experimenter. The output voltage of the
pulse generator and its duration were monitored by a digital scope.
A He–Ne laser beam was adjusted to be coaxial with the infrared
beam to visualize the stimulation site.

In all experimental conditions, a circular nylon brush (diameter
60mm; surface area about 2,800mm2) fixed in a horizontal
position was interposed between the head of the laser stimulator
and the dorsal forearm of the subject (Fig. 1). The brush had a
small metal tube (inner section 20mm2) fixed in its center and
aligned with the laser beam axis. The metal tube was intended to
keep the nylon hairs outside the laser stimulus area. However, in
control and extrasegmental brush conditions, a maximum distance
of 1 cm was kept between the skin and the lower side of the brush
in order to minimize the effect of optical diffraction. Subjects sat
comfortably on a chair, the left forearm resting on a plank situated
below the brush. They were asked to move their forearm slightly
after each laser stimulus to prevent sensitization or habituation of
skin receptors. To keep attention focused on the test stimulus, the
investigator warned the subject by saying ‘‘attention’’ before each
laser stimulation.

The subjects and the investigator wore protective goggles. To
avoid any acoustic or visual cue when triggering the laser, the
equipment was placed outside the visual field of the subjects who
also wore headphones as mufflers. However, they could perceive a
loud sound within the spectral band of the human voice.

Conditioning stimulation

The conditioning stimulation consisted of mechanical stimulation
provided by a soft nylon circular brush. The brush was moved by
an electric motor and performed semi-circular to and fro move-
ments. The moving brush was applied against the skin, without
any additional mechanical pressure, before (2–3 s), during, and
after (2–3 s) laser stimulation so that each exposure to the brush
lasted approximately 4–6 s. The sensation produced by the brush
was described as a firm but gentle friction. One brush (see Fig. 1)
was applied within the skin area exposed to the laser test stimulus
(segmental brush condition) and another identical brush was
applied outside that skin area (extrasegmental brush condition),
i.e., on the dorsum of the contra-lateral foot. In this latter
condition, the subject placed their foot on a pillow and the moving
brush was laid on the dorsum of the foot.

FIGURE 1. A circular soft nylon brush (diameter 6 cm) fixed in a horizontal position was interposed between the head of the laser stimulator
and the dorsum of the left forearm of the subject (inset A). The brush had a small metal tube (inner section 20mm2) fixed in its center and
aligned with the laser beam axis. The metal tube was intended for keeping the nylon filaments outside the laser stimulus area. The brush
was moved by an electric motor and performed a semi-circular push–pull movement. In the extrasegmental brush condition, another
identical brush was applied on the dorsum of the contra-lateral foot (inset B). In control and extrasegmental brush conditions, a maximum
distance of 1 cm was kept between the skin of the forearm and the lower side of the brush to minimize the effect of optical diffraction of
the laser beam.
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Data acquisition

Intensity of perceived sensation After each laser stimulus, subjects
were instructed to report verbally, on a visual analogue scale
(VAS), the intensity of perceived sensation. VAS was a scale of 101
points with 0 equivalent to ‘‘no detection’’ and 100 to ‘‘maximum
pain’’. An anchor at the middle of the scale (VAS ¼ 50) marked
the borderline between the non-painful and the painful domains of
sensation. When the stimulus was not perceived (no reaction time)
a score of zero was given to that trial.

Discrimination performance and response bias Classical psycho-
physics of pain perception are based on the assumption of a pain
threshold. The signal detection theory (SDT) approach handles
pain perception as a decision-making process. The strength of
this approach resides in the fact that it quantifies discriminatory
(or sensory) and attitudinal (or response bias) components
independently. Parameters of discriminability (P(A)) and response
bias (B) were computed using the non-parametric procedures fully
described by McNicol (1972).

VAS scores were pooled into two sets, one for the two lowest
intensities of stimulation and the other for the two highest.
The pooling procedure was justified to increase the number of
‘‘noise’’ and ‘‘signal’’ trials to an acceptable proportion for tolerable
estimates of sensitivity (McNicol, 1972, p. 101). Furthermore,
the quality of sensations evoked by laser stimulation varied with
stimulus intensity. The two highest stimulus intensities were
perceived as a tiny spot of pinprick sensation and the two lowest
intensities as a large spot of light touch or gentle heat. The index
of discrimination performance P(A) was based on the surface
area under the receiver operating characteristic (ROC) curve
which may range between 0.5 (i.e., no discrimination at all) and
1.0 (i.e., perfect discrimination). The decision criterion B is the
point on the subject’s rating scale at which, by interpolation, the
sum of the hit and false alarm rates equals 1.0 (i.e., the median
response category).

Reaction time A digital chronometer was used to measure RT
with a resolution of 1ms. Laser stimulus triggered off the
chronometer. The subject held a button in his right hand
and was instructed to push on the button as fast as possible to
stop the chronometer when they perceived something in the
target skin area. The RT was considered as the time elapsed
between the beginning of the laser stimulus and the subject’s
reaction.

Laser-evoked potentials The exploring electrode was placed at Cz
(International 10–20 system) since it is well known that LEPs
are largest around the vertex for all sites of the body surface
stimulated (Treede et al., 1988). Linked earlobes (A1þA2)
were used as reference. The ground was referenced to the right
wrist. The contact of electrodes with the skin was improved
by conducting electrode jelly. The impedance of all electrodes
was kept below 5 k�. Vertical and horizontal electro-oculograms
(EOG) of the right eye were recorded with disposable Ag/AgCl
surface electrodes for artifact control. Electrodes were connected
to an amplifier (band-pass 0.1–70Hz; gain 1,000). Data
acquisition was performed with a sampling rate of 167 counts/s.
The EEG was monitored on-line and signals were stored for
off-line analysis. The off-line analysis was performed with
Neuroscan V3.0 software procedures (Neuroscan, El Paso, TX,
USA). Single sweeps were averaged for each intensity of laser
stimulation after rejecting, by off-line visual inspection, the sweeps
contaminated by eye movements. Auditory-evoked potentials
(AEPs) were also recorded. A single tone (intensity 80 dB;
frequency 1,200Hz; duration 50ms) was triggered by the
investigator, and was repeated five times in the whole experimental
session at random intervals. Since AEPs are considered to be
influenced by attention (Lorenz et al., 1996), they were recorded
to assess the general state of attention and arousal of subjects in
each experimental session. The analysis time of all signals (AEPs
and LEPs) was 3 s (500ms pre-stimulus). Subjects were instructed
not to move their eyes by fixing on a spot in front of them and to
keep their eyes open for at least 3 s.

Temperature monitoring Ambient temperature was measured at
the beginning of each session by means of a digital thermometer.
Averaged by sessions, ambient temperature ranged from 22
to 24�C (22.6� 0.6�C). Skin temperature was measured at
the beginning and at the end of each session by an infrared
thermometer (Senselab, Farsta, Sweden). Base skin temperature
remained stable during and between sessions (32.8� 0.24�C).

Data analysis

For each stimulus intensity (n ¼ 4), in each experimental
condition (n ¼ 3) and for each subject (n ¼ 10), the median
VAS score of all trials (n ¼ 28) was computed.

Effect size (Cohen’s d) was computed as the mean difference
between each experimental condition and each control condition
divided by the within-group standard deviation of the control
condition (Mullen and Rosenthal, 1985).

Repeated measures ANOVA were performed with the four
stimulus intensities and the three experimental conditions as
within factors. Linear contrast analysis was used for probability of
detection, intensity of perception, discrimination performance
P(A), decision criterion B, RTs and areas under the curve of LEPs.
Statistical tests were considered significant if p<0.05. Statistical
analysis was performed with SuperANOVA software (Abacus
Concepts Inc., Berkeley, CA) and STAVIEW V5.0 software (SAS
Institute Inc., Cary, NC).

Results

All subjects completed the trials in all experimental

conditions. Late AEPs were recorded to monitor the

general attention state of subjects in each condition

(Lorenz et al., 1996). Repeated measures ANOVA

on parameters of the N1–P2 complex of AEPs

showed no significant difference between conditions

in latency (F ¼ 1.18; p ¼ 0.330 for N1 and

F ¼ 0.93; p ¼ 0.413 for P2) or in amplitude

(F ¼ 1.46; p ¼ 0.258). These results suggest that

there was no change in the subjects’ general state of

attention between conditions.

Probability of detection curves and detection thresholds

In the control condition, the majority of laser stimuli

were detected (Fig. 2A). The probability of detection

varied between 70% for the lowest intensity and

100% for the highest intensity of stimulation. The

absolute detection threshold, defined as the lowest

intensity of laser stimuli detected with a probability

of 0.5 (Fig. 2A), was computed by interpolation of

the probability of detection curve after linearization

by logit transformation (Ashton, 1972). In the

control condition, the average absolute detection

threshold was 5.3� 1.3mJ/mm2. The pain threshold,

defined as the stimulus intensity producing a

perception of 50 or more on the VAS with a

probability of 0.5 and computed by the same

method, was 9.9� 1.9mJ/mm2. Therefore, the two

lowest stimulus intensities were above the absolute

detection threshold and the two highest stimulus

intensities were near or slightly above the pain

threshold.

Extrasegmental brushing produced similar prob-

abilities of detection as compared with the control

condition. In contrast, the probability of detection

was dramatically decreased with segmental brushing,

specifically for the lowest stimulus intensities.

Repeated measures ANOVA, with probability of

detection as the dependent variable and with

stimulus strength and experimental condition as

within factors, confirmed these observations.

There was a highly significant effect of stimulus
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strength (F3,9 ¼ 28.15; p ¼ 0.0001) and of experi-

mental condition (F2,9 ¼ 21.37; p ¼ 0.0001) on

the probability of detection. There was also a

significant interaction between factors (F6 ¼ 11.18;

p ¼ 0.0001), suggesting that the effect of condition-

ing was dependent on stimulus strength. Linear

contrast analysis showed that control and extra-

segmental conditions produced, on average, similar

probabilities of detection for each of the four

stimulus intensities (F ¼ 0.766; p ¼ 0.393).

However, the probability of detection was signifi-

cantly lowered with segmental brushing (F ¼ 36.59;

p ¼ 0.0001), except for the highest intensity

( p ¼ 0.130).

The average effect size (Cohen’s d) computed by

comparison with the control condition could be

considered as very large for segmental brushing

(d ¼ 2.12) and absent for extrasegmental brushing

condition (d ¼ 0.15).

As shown in Figure 2A, extrasegmental brushing

did not significantly change the absolute detection

threshold (5.4� 1.73mJ/mm2; p ¼ 0.885). How-

ever, this threshold was significantly increased by

segmental brushing (7.6� 1.2mJ/mm2; p ¼ 0.003).

Intensity of perception

The magnitude of perception measured with the

VAS increased monotonically with stimulus strength

(Fig. 2B), changing when the skin adjacent to the

target zone was exposed to the action of a brush.

The effect was a parallel and downward shift,

implying that the laser stimuli were apparently

perceived as less intense. When the brush was

FIGURE 2. (A) Probability of stimulus detection as a function of laser stimulus strength (mJ/mm2) in the three experimental conditions
(n ¼ 10 subjects; mean�SD). In control and extrasegmental brush conditions, the majority of laser stimuli were detected. In contrast, the
probability of detection was dramatically decreased with segmental brushing, specifically for the lowest stimulus intensities. (B) The
magnitude of perception as a function of stimulus strength (mJ/mm2) in the three experimental conditions for all (i.e., detected and non-
detected) stimuli. VAS scores were obtained on a scale extending from 0 (‘‘no sensation’’) to 100 (‘‘maximum pain’’) with 50 denoted as
‘‘painful’’. VAS scores increased monotonically with stimulus strength for all conditions. However, with segmental brushing there was
a parallel and downward shift, meaning that the laser stimuli were apparently perceived as less intense. (C) The magnitude of perception
as a function of stimulus strength (mJ/mm2) in the three experimental conditions. Non-detected stimuli (i.e., those without reaction
time and quoted as VAS ¼ 0) were excluded in order to take into account the significant reduction in detection with segmental brushing
(see panel A). The stimulus–response curves were quite similar for control, segmental and extrasegmental brush conditions.

142 H. Nahra and L. Plaghki

So
m

at
os

en
s 

M
ot

 R
es

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

M
oo

rf
ie

ld
s 

E
ye

 H
os

pi
ta

l o
n 

08
/1

4/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



applied on the contra-lateral foot, there was a very

slight and non-significant parallel shift of the

stimulus–response curve.

Repeated measures ANOVA, with VAS scores as

the dependent variable and with stimulus strength

and experimental condition as within factors,

reinforced the results shown in Figure 2B. There

was a highly significant effect of stimulus strength

(F3,9 ¼ 66.66; p ¼ 0.0001) and of experimental

condition (F2,9 ¼ 6.24; p ¼ 0.0088) on VAS

scores. However, no significant interaction between

the two factors was observed (F6 ¼ 0.81; p ¼ 0.569),

showing that the effect of conditioning was indepen-

dent of stimulus strength. Results of linear contrast

analysis confirmed that control and extrasegmental

brush conditions produced similar VAS scores for

each stimulus intensity (F ¼ 0.83; p ¼ 0.376).

However, VAS scores with segmental brushing

were significantly lower than those obtained in the

control condition (F ¼ 11.63; p ¼ 0.003). As for the

probability of detection curves, Cohen’s effect size of

conditioning on VAS scores was large for segmental

brushing (d ¼ 0.72) and absent for extrasegmental

brushing (d ¼ 0.05).

To take into account the significant reduction in

detection in the segmental brush condition, the

above analysis was performed again on the average

VAS scores but after having discarded the trials that

were not detected (i.e., without RT and quoted as

VAS ¼ 0 in the previous analysis). As shown in

Figure 3C, the stimulus–response curves were quite

similar for control, segmental and extrasegmental

brush conditions. Repeated measures ANOVA

revealed that there was a highly significant effect of

stimulus strength (F3,9 ¼ 67.23; p ¼ 0.0001) on

VAS scores. However, there was no significant

effect of experimental condition (F2,9 ¼ 0.17;

p ¼ 0.842) and no significant interaction between

factors (F6 ¼ 1.24; p ¼ 0.303).

Discrimination performance and decision criterion

The SDT was used to investigate the discrimination

performance and decision criterion for perception of

laser stimuli. The index of discrimination perfor-

mance or sensitivity (P(A)) is based on the propor-

tion of the area beneath the ROC curve, which may

range between 0.5 (no discrimination at all) and 1.0

(perfect discrimination). As shown in Table 1,

discrimination performance in segmental and extra-

segmental brush conditions was not statistically

different from the control condition. In contrast,

the decision criterion (B) increased significantly with

segmental brushing. With extrasegmental brushing,

there was no change in the response criterion

compared with the control condition (Table 2).

Reaction times

In Figure 3A, the relative frequency distribution of

RTs in the control condition for all pooled stimulus

intensities is displayed. The distribution was clearly

FIGURE 3. (A) The relative frequency distribution of all reaction times in the control condition (bins 50ms; interval 0–1,500ms) was clearly
bimodal. By using a cut-off of 650ms, two major categories of RTs could be defined with a first peaking around 350–400ms (short RTs)
and ascribed to the activation of A�-fibers. The second category peaking around 800–850ms (long RTs) was ascribed to the activation of
C-fibers. (B) Short RTs and long RTs as a function of stimulus strength in the three experimental conditions. Extrasegmental
brushing increased slightly but not significantly short and long RTs as compared with the control condition. Segmental brushing
significantly prolonged short and long RTs, the effect being most pronounced for the latter category.
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bimodal and the tail of the distributions was fairly

long. Using a cut-off of 650ms, the proportion of

short RTs (<650ms) was 52%. However, that

proportion was dependent on stimulus strength,

increasing from the lowest to the highest intensity,

respectively, from 7.7, 25.0, 68.2 to 86.3%. The first

peak representing the short RTs can be ascribed to

the activation of A�-fibers and the second peak

representing the long RTs can be ascribed to the

selective activation of C-fibers (Nahra and Plaghki,

2002).

The effects of conditioning on RTs are also shown

in Figure 3B. Using the cut-off of 650ms, average

short RTs and long RTs were computed separately

for each intensity and condition. For both short and

long RTs, extrasegmental brushing produced similar

RTs compared with the control condition. In

contrast, both short and long RTs were prolonged

with segmental brushing.

Repeated measures ANOVA, with short RTs as

dependent variable and with stimulus strength and

experimental condition as within factors, confirmed

these results. There was a highly significant effect of

stimulus strength (F3,9 ¼ 7.04; p ¼ 0.0012) and of

experimental condition (F2,9 ¼ 15.01; p ¼ 0.0001)

on RTs. There was no significant interaction

between factors (F6 ¼ 0.44; p ¼ 0.845), showing

that the effect of conditioning was independent of

stimulus strength. Linear contrast analysis showed

that control and extrasegmental brush conditions

produced on average similar RTs (F ¼ 1.11;

p ¼ 0.306). However, these RTs were significantly

shorter than those obtained with segmental brushing

(F ¼ 26.86; p ¼ 0.0001).

The same analysis performed for the long RTs

yielded the following results. There was a highly

significant effect of stimulus strength (F3,9 ¼ 6.75;

p ¼ 0.0015) and of experimental condition (F2,9 ¼

12.64; p ¼ 0.0004) on RTs. However, there was also

a significant interaction between factors (F6 ¼ 3.66;

p ¼ 0.004), demonstrating that the effect of con-

ditioning was dependent on stimulus strength.

Indeed, segmental brushing had a larger effect on

long RTs for the lowest stimulus intensities. Linear

contrast analysis showed that control and extraseg-

mental brush conditions produced on average similar

RTs (F ¼ 0.16; p ¼ 0.696). However, these RTs

were significantly shorter than those obtained with

segmental brushing (F ¼ 20.60; p ¼ 0.0003).

Laser-evoked potentials

The upper panel of Figure 4 shows the grand mean

of the LEPs in the control condition for the four

stimulus intensities. There were clearly two major

components in the recordings, a late and an ultra-late

component. The first and largest component was a

biphasic response appearing in a time window of

200–500ms. This response was clearly present for

the two highest laser intensities and hardly recogniz-

able for the two lowest intensities. This component

represents the well-known late LEP ascribed to the

activation of A�-fibers (for a review see Chen et al.,

1998). For the highest stimulus intensity, the

negativity N2 had a peak latency of 212ms and

amplitude of �12.0 mV while the positivity P2 had a

latency of 374ms and amplitude of 16.5 mV. This

large biphasic signal (late LEP) was followed by a

second broad positivity at a much longer latency. It

was clearly present at all four stimulus intensities.

This ultra-late component has been ascribed to the

selective activation of C-fibers (Bromm et al., 1983;

Bragard et al., 1996; Magerl et al., 1999; Opsommer

et al., 2001). Its peak latency increased from about

800ms for the highest to about 1,000ms for the

lowest stimulus intensity. This shift in latency may

result from the averaging procedure (Reagan, 1989).

Indeed, based on the proportion of short RTs as a

function of stimulus intensity, the probability of

A�-fiber activation increased from about 8% for the

lowest, to 86% for the highest, stimulus intensity.

The proportion of late components contributing to

the grand mean LEP, thus, varied accordingly.

Although that second broad positivity was present

at all four stimulus intensities in control and

extrasegmental conditions, it is important to note

that it was considerably reduced for the two lowest

intensities of stimulation in the segmental brush

condition (Fig. 4).

To examine the effect of conditioning, we defined

two time windows. A first, extending from 200 to

500ms, contained the late LEPs and the second,

extending from 600 to 1,200ms, contained the ultra-

late LEPs. Within each window, the EEG records

TABLE 2. Mean difference between conditions for discri-
mination performance (P(A)) (critical difference ¼ 0.066)
and decision criterion (B) (critical difference ¼ 10.9)

P(A) Controls Extrasegmental brush

Extrasegmental brush 0.025 –
p ¼ 0.442

Segmental brush �0.014 �0.040
p ¼ 0.657 p ¼ 0.230

B
Extrasegmental brush 1.7 –

p ¼ 0.527
Segmental brush 13.2 11.5

p ¼ 0.019 p ¼ 0.039

TABLE 1. Non-parametric measures of discrimination per-
formance (P(A)) and decision criterion (B) in the three
experimental conditions

Condition P(A) B

Controls 0.821� 0.073 69� 12.5
Extrasegmental brush 0.796� 0.066 71� 0.3
Segmental brush 0.835� 0.073 82� 13.2
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were rectified and the area under the curve (AC in

mV s) was computed and averaged for each stimulus

intensity, condition and subject.

The results are presented in Figure 5A and B. In

the time window of 0.2–0.5 s (Fig. 5A), ACs of

rectified late LEPs increased similarly with stimulus

strength for all conditions. In the time window of

0.6–1.2 s (Fig. 5B), ACs of the rectified ultra-late

LEPs did not increase as a function of stimulus

strength in control and extrasegmental brush condi-

tions. Note that with segmental brushing, the

magnitude of ultra-late LEPs is globally reduced

and seems to be dependent on stimulus intensity.

These data were entered as dependent variable in

repeated measures ANOVA with stimulus strength

and experimental condition as within factors.

Examination of ACs in the first time window

(late LEPs) yielded the following results (Fig. 5A).

There was a highly significant effect of stimulus

strength (F3,9 ¼ 21.73; p ¼ 0.0001) and no signifi-

cant effect of conditioning (F2,9 ¼ 0.03; p ¼ 0.966).

Interestingly, linear contrast analysis revealed that

ACs were significantly different depending on

stimulus intensity, except for the two lowest inten-

sities ( p ¼ 0.672).

Examination of ACs in the second time window

(ultra-late LEPs) yielded very different results

(Fig. 5B). There was a significant, although weak,

effect of stimulus strength (F3,9 ¼ 3.11; p ¼ 0.043).

However, unlike the first time window, the effect

of experimental condition was highly significant

(F2,9 ¼ 8.01; p ¼ 0.0033) but without interaction

between the two factors (F6 ¼ 0.86; p ¼ 0.530).

Linear contrast analysis revealed that ACs were

not different between control and extrasegmental

FIGURE 4. Grand means (n ¼ 10) of laser-evoked brain potentials
(LEPs) recorded at Cz (negativity upwards) for the four stimulus
intensities and the three experimental conditions. Numbers 1–4
attached to the LEPs indicate laser stimulus intensities from lowest
to highest. Vertical dotted line represents the moment of laser
stimulation. There were clearly two major components, a late and
an ultra-late component. The first and largest component was a
biphasic response (N2–P2) appearing in a time window of 200–
500ms. It was clearly present for the two highest laser intensities.
This component represents the well-known late LEP ascribed to
the activation of A�-fibers. It was followed by a second broad
positivity at a much longer latency present at all four stimulus
intensities except for the two lowest intensities of stimulation in the
segmental brush condition. This component represents the ultra-
late LEP ascribed to the selective activation of C-fibers.

FIGURE 5. (A) Areas under the curve (ACs in mVs; mean�SD) of
rectified LEPs in a time window of 0.2–0.5 s containing the late
LEP components as a function of stimulus strength (mJ/mm2) for
each of the three conditions. Note that all conditions yield the
same relation to stimulus strength (mJ/mm2). (B) Areas under the
curve (mVs; mean�SD) of rectified LEPs in a time window of
0.6–1.2 s containing the ultra-late LEP components as a function
of stimulus strength (mJ/mm2) for each of the three conditions.
Note that ultra-late brain responses to laser stimulation are halved
with segmental brushing as compared with those obtained in
control and extrasegmental brush conditions. Moreover, the effect
of segmental brushing on ultra-late brain responses is most
important for the two lowest stimulus intensities.
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brush conditions ( p ¼ 0.565). However, ACs in the

segmental brush condition were on average smaller

( p<0.006) than those produced in control and

extrasegmental brush conditions.

Discussion

This study investigated the influence of concurrent

large fiber stimulation on the perception and

neurophysiological correlates of brief CO2 laser

stimuli known to activate selectively A�- and

C-fibers. It was hypothesized that segmental tonic

input from low threshold mechanical afferents

(A�-fibers), as opposed to extrasegmental activation,

should decrease perception, depress LEPs, and delay

RTs related to the laser test stimuli. Results show

that brushing the skin exposed to laser test stimuli

(segmental brushing) increased the absolute detec-

tion threshold (Fig. 2A), reduced the intensity of

perception (Fig. 2B), prolonged RTs (Fig. 3B), and

reduced the ultra-late components of LEPs (Figs. 4

and 5B) when compared with the control condition.

In addition, this conditioning effect may be con-

sidered as limited to the segmental level since

none of the variables were influenced when the

brush was performed concurrently on the dorsum

of the contra-lateral foot (extrasegmental brush

condition).

These results are in line with the studies

performed by Kakigi and co-workers (Kakigi and

Shibasaki, 1992; Kakigi et al., 1993; reviewed in

Kakigi and Watanabe, 1996). These authors used

noxious CO2 laser test stimuli (directed to the

dorsum of the hand innervated by the radial nerve)

and various kinds of concurrent conditioning stimuli

for activation of large fibers: vibratory conditioning

(500Hz applied continuously to the dorsum of the

2nd and 3rd fingers), rapid drumming movements of

the fingers and tactile stimuli (dorsum of the 2nd and

3rd fingers was continuously stroked by the experi-

menter with a soft wad of tissue paper). These

investigators found that non-noxious vibratory

stimuli, active and passive movement of the hand

or foot, increased pain threshold and RT but

reduced the LEP amplitude to painful CO2 laser

test stimuli applied to the same skin area. Moreover,

extrasegmental vibration (contra-lateral hand and

both feet) did not influence pain threshold and LEPs

as opposed to extrasegmental movements, which

reduced LEP, but without affecting pain threshold.

The authors concluded that although interference

stimulation by activation of low threshold mechano-

receptors was consistent with the gate control theory

(Melzac and Wall, 1965; Wall, 1978), interference

should also occur at higher levels than the spinal

cord. However, most relevant to the present study,

tactile skin stimuli had a fairly small and non-

significant effect on pain threshold, mean RT and

LEP amplitudes. This discrepancy may be explained

by a difference in methodology. Indeed, compared

with our study, Kakigi and co-workers used a much

stronger test stimulus (i.e., 18mJ/mm2 or 32% above

pain threshold) and a tiny surface area (about

3mm2). These stimulation parameters generate a

high signal to noise ratio and, thus, should con-

siderably facilitate detection. As shown in Figure 2A,

the effect of segmental brushing on the probability of

detection was indeed not observed for the highest

stimulus intensity.

In a brief communication, Towell and Boyd

(1993) reported that late LEP amplitude evoked by

brief noxious CO2 laser stimuli was significantly

attenuated during concurrent vibratory and tactile

stimulation and to a lesser extent during concurrent

transcutaneous electrical nerve stimulation. These

authors concluded that concurrent large fiber stimu-

lation induced a functional decrease in A�-fiber
pathways. Although this conclusion is at variance

with the results of the present study it is important

to remember that Towell and Boyd (1993) used

also a suprathreshold painful laser test stimulus and

their conditioning stimulation (brushing to the palm)

was outside the dermatome receiving the laser test

stimuli (dorsum of the hand).

How then can we explain the important reduction

in the probability of detection and the intensity of

perception, the increase in RTs, and the attenuation

of the ultra-late LEP component? At a closer

look, the large reduction in detection had a subtle

consequence on the intensity of perception and

neurophysiological correlates. Indeed, perception of

the detected laser stimuli (Fig. 3C) was not different

from the control condition. The reduction in

detected stimuli concerned the low intensity stimuli

most and, thus, also the brain-evoked responses to

information ascending through C-fiber pathways.

The late LEPs (correlates of A�-fiber activation) were

not changed by brushing the skin (Figs. 4 and 5C).

Taken together, these results may indicate that there

was no reduction in sensations mediated by

A�-nociceptors.
We also have to consider the possibility that brush-

ing the skin may have added ‘‘somesthetic noise’’

to the sensory channels carrying the information

from the small afferent fibers activated by the laser

test stimulus. Another possible mechanism is that the

effects could be due to sensory competition between

the two stimuli within the focus of attention

(Bushnell et al., 1985). As a consequence, for both

mechanisms, subject sensitivity should be reduced

and this should be revealed by a weaker discrimina-

tion performance. However, SDT analysis showed

that discrimination performance (P(A)) between low

and high intensity laser stimuli was not different

between the three experimental conditions.

Consequently, the hypothesis of a reduction in

sensitivity of the small fiber sensory channels may

be discarded.

Finally, the possible influence of a response bias

remains to be considered. Indeed, a shift in a
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subject’s decision criterion may alter perception

independent of sensitivity. An increase in decision

criterion may indicate that subjects biased their

responses toward lower levels of perception. As a

fact, there was a significant increase in decision

criterion (B) when the brush was applied on the

forearm (Tables 1 and 2). This enables interpre-

tation of the downward shift in the probability of

detection curve in the segmental brush condition

(Fig. 2A) but also of the perceptual and neurophysio-

logical changes, which follow from this reduction in

detection.

In conclusion, perception and neurophysiological

correlates of brief CO2 laser test stimuli are

modulated by concurrent segmental large fiber

activation. This modulation takes place primarily at

supra-spinal levels and probably not by gating the

input from small (A� and C) primary afferents.
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