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Looking at the hand modulates the brain responses to nociceptive

and non-nociceptive somatosensory stimuli but does not

necessarily modulate their perception

DIANA M. TORTA, VAL�ERY LEGRAIN, AND ANDR�E MOURAUX

Institute of Neuroscience (IoNS), Universit�e catholique de Louvain, Brussels, Belgium

Abstract

Previous studies have suggested that looking at the hand can reduce the perception of pain and the magnitude of the

ERPs elicited by nociceptive stimuli delivered onto the hand. In contrast, other studies have suggested that looking at

the hand can increase tactile sensory discrimination performance, and enhance the magnitude of the ERPs elicited by

tactile stimulation. These opposite effects could be related to differences in the crossmodal effects between vision,

nociception, and touch. However, these differences could also be related to the use of different experimental designs.

Importantly, most studies on the effects of vision on pain have relied on a mirror to create the illusion that the reflected

hand is a direct view of the stimulated hand. Here, we compared the effects of direct versus mirror vision of the hand

versus an object on the perception and ERPs elicited by non-nociceptive and nociceptive stimuli. We did not observe

any significant effect of vision on the perceived intensity. However, vision of the hand did reduce the magnitude of the

nociceptive N240 wave, and enhanced the magnitude of the non-nociceptive P200. Our results confirm that vision of

the body differentially affects nociceptive and non-nociceptive processing, but question the robustness of visual

analgesia.

Descriptors: Vision, Nociception, Touch, Event-related potentials, Perception

Experimental research on pain has highlighted the importance of

the interactions between attention, multisensory integration, and

the perception of pain (Haggard, Iannetti, & Longo, 2013; Legrain,

Iannetti, Plaghki, & Mouraux, 2011; Legrain et al., 2012; Trojan,

Diers, Valenzuela-Moguilllansky, & Torta, 2014). However, the

actual mechanisms underlying these interactions are still unclear,

and much remains to be done to translate these findings into appli-

cable clinical tools. It has been recently suggested that vision of the

body exerts a differential effect on the responses to non-

nociceptive and nociceptive somatosensory input. Studies have

shown that vision of the hand onto which tactile stimuli are applied

improves discrimination performance (Kennett, Taylor-Clarke, &

Haggard, 2001), increases the magnitude of the elicited somatosen-

sory ERPs (Taylor-Clarke, Kennett, & Haggard, 2002), but impairs

haptic perception during the observation of one’s own movements

(Mueller, Habermann, Dudda, & Grunwald, 2013). This modula-

tion has been interpreted as resulting from a crossmodal effect of

spatial attention: directing visual attention toward the stimulated

hand would enhance the processing of somatosensory input origi-

nating from that hand (Taylor-Clarke et al., 2002). Contrasting

with these results, it was recently suggested that looking at the

hand onto which nociceptive somatosensory stimuli are applied

reduces the intensity of the elicited pain percept (Longo, Betti,

Aglioti, & Haggard, 2009; Longo, Iannetti, Mancini, Driver, &

Haggard, 2012; Mancini, Longo, Canzoneri, Vallar, & Haggard,

2013), as well as the magnitude of the elicited nociceptive ERPs

(Longo et al., 2009, but see also Hofle, Hauck, Engel, and Senkow-

ski, 2012; Hofle, Pomper, Hauck, Engel, and Senkowski, 2013).

The notion that looking at the body part onto which somatosen-

sory stimuli are applied induces differential effects on nociceptive

and non-nociceptive somatosensory processing is highly interest-

ing, as it suggests the existence of complex multisensory interac-

tions between touch, pain, and the other senses (De Paepe,

Crombez, Spence, & Legrain, 2014; Favril, Mouraux, Sambo, &

Legrain, 2014). However, the reported differences could result

from many factors, including differences in experimental design,

methods, and outcome measures, as these studies did not compare

directly the effects on the perception and brain responses to non-

nociceptive and nociceptive inputs using the same experimental

design. Most importantly, various means have been used to avoid

the confounding effect of viewing the stimulator when viewing the

stimulated body part. For example, although direct vision of the
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hand has also been used, most studies on the effect of viewing the

hand on the responses to nociceptive stimuli applied to that hand

have used a mirror aligned with the sagittal plane of the participant

to create the illusion that the hand reflected in the mirror is a direct

view of the stimulated hand (Longo et al., 2009, 2012; Mancini

et al., 2013). Importantly, the studies that used direct vision of the

hand (see, for instance, Longo et al., 2009) never compared the

results of direct versus mirror vision of the hand. Small inconsisten-

cies in the illusion could create a conflict between somatosensory,

proprioceptive, and visual inputs. Therefore, the observed reduction

of the responses to nociceptive stimuli when viewing the hand

could be due, at least in part, to the mirror illusion rather than to

the actual viewing of the hand.

The aim of the present study was to compare the effects of

vision of the stimulated body part on the intensity of perception

and ERPs elicited by nociceptive and non-nociceptive somatosen-

sory stimuli using strictly identical experimental designs within

participants. We used a setup that allowed hiding the nociceptive

stimulator from the view of the participant. This allowed for assess-

ing the specific effect of direct versus mirror vision of the hand on

the elicited responses. Based on previous findings suggesting that

vision influences differentially nociception and touch, we hypothe-

sized that direct vision of the stimulated hand would decrease the

responses elicited by nociceptive stimulation and increase the

responses elicited by non-nociceptive stimulation.

Materials and Method

Experiment 1

Sixteen subjects took part in Experiment 1 (7 women, 9 men, mean

age 26.2 6 2.8, 1 left-handed). Participants were recruited among

students and staff of the university and were na€ıve to the aims of

the study. Informed written consent was obtained before the begin-

ning of the study, which was approved by the Ethics Committee of

the Universit�e catholique de Louvain.

Nociceptive and non-nociceptive somatosensory stimuli.

Nociceptive and non-nociceptive somatosensory stimuli were

delivered to the right hand. The nociceptive stimulus consisted of a

20-ms pulse of radiant heat generated by an infrared CO2 laser

stimulator (Universit�e catholique de Louvain). Unlike other laser

sources that produce a visible or near infrared beam, the CO2 laser

emits in the far infrared (wavelength: 10.6 um) and is thus totally

invisible to the human eye. Beam surface area at target site was

40 mm2. The target of the laser beam was adjusted using a

computer-controlled high-speed two-axis galvanometer (LSST-

10.6-32-3808, Sintec Optronics, Singapore), hidden from the view

of the participant. In a preliminary session, the stimulation target

was visualized using a coaxial He-Ne laser beam to delimit the

area on the hand dorsum onto which the stimuli could be applied.

Then, the power of the laser was adjusted such that the stimuli eli-

cited a clear pinprick sensation, detected with reaction times com-

patible with the conduction velocity of Ad fibers (< 650 ms). This

approach was used to ensure that the intensity of the stimulus was

above the thermal activation threshold of both Ad and C fiber noci-

ceptors. Indeed, low energy stimuli could have activated low-

threshold heat-sensitive C fiber afferents without concomitantly

activating higher-threshold Ad fiber afferents. In previous studies,

we have shown that reaction times (rather than quality of the sensa-

tion elicited by the stimulus) constitute a reliable means to distin-

guish between detection of input conveyed by slowly conducting C

fibers and detection of input conveyed by more rapidly conducting

Ad fibers (Churyukanov, Plaghki, Legrain, & Mouraux, 2012). At

the intensity used during the experiments, the stimuli elicited a

clear, short-lasting pinprick sensation, related to the activation of

heat-sensitive Ad nociceptors.

The mean energy density of the stimulus was 15.5 6 3.5 mJ/

mm2. This intensity is clearly above the energy required to activate

heat-sensitive Ad nociceptors and evoke a pinprick sensation

(Mouraux, Guerit, & Plaghki, 2003). The non-nociceptive stimulus

consisted of nonpainful 0.5-ms constant-current square wave elec-

trical pulses (DS7 stimulator, Digitimer Ltd., UK) delivered to the

right median nerve at the level of the wrist using a pair of square

adhesive electrodes (5 3 5 mm) separated by approximately

20 mm. The intensity of the stimulation was set at twice the abso-

lute detection threshold, established using the method of limits.

The mean intensity was 2.27 6 0.65 mA. Importantly, the percept

was never qualified as painful. Furthermore, at this intensity, trans-

cutaneous electrical nerve stimulation using large-surface electro-

des does not activate nociceptive afferents. Electrical stimulation

was chosen over vibrotactile stimulation because it allowed us to

deliver a stimulus perceived as originating from the hand dorsum,

without any interference of viewing the stimulator.

Experimental procedure. During the experiment, the participant

was comfortably seated in front of a table onto which he/she placed

his/her hands. The experiment included four experimental condi-

tions aiming at teasing out the respective effects of direct versus

mirror vision of the hand versus an object on the perception and

ERPs elicited by nociceptive versus non-nociceptive somatosen-

sory stimuli (Figure 1).

Figure 1. Experiment 1. In separate blocks, nociceptive laser stimuli

and non-nociceptive electrical stimuli were delivered to the right hand

while participants (a) looked directly at the stimulated hand, (b) looked

directly at an object positioned on top of the stimulated hand, (c) looked

at the reflection of the contralateral hand through a mirror, and (d)

looked at the reflection of an object positioned on top of their contralat-

eral hand through a mirror. Both the nociceptive and the non-

nociceptive stimuli were hidden from the participant.
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The conditions were counterbalanced across participants. In the

first experimental condition (direct vision of the hand), a transpar-

ent glass panel allowing direct vision of the right hand was placed

on the body midline of the participant. In the second experimental

condition (mirror vision of the hand), the glass was replaced by a

mirror. Participants looked at the reflection of their left hand in the

mirror, creating the illusion of looking at the right hand. In the third

experimental condition (direct vision of the object), both hands

were covered by a 31 3 22 3 7 cm box surmounted by an object,

a black 22 3 15 3 2 cm book. Participants looked directly at the

object placed on top of the right hand. In the fourth experimental

condition (mirror vision of the object), the book was positioned on

top of the box covering the left hand. Participants looked at the

object reflected in the mirror, creating the illusion that both hands

were covered by a box and object. The right hand was also covered

by a box, in order to keep constant any peripheral sensation of the

box touching the skin. An opening at the back of the box allowed

the application of laser stimuli without any concomitant vision of

the hand.

For each of the four experimental conditions, nociceptive and

non-nociceptive stimuli were delivered in separate blocks, resulting

in a total of eight blocks. The modality of the first block (nocicep-

tive or non-nociceptive) was balanced across participants. In each

block, 20 stimuli were delivered. The interstimulus interval ranged

between 5 and 8 s. After each nociceptive stimulus, the target of

the laser beam was displaced in order to avoid skin overheating

and nociceptor fatigue or sensitization. The minimum distance

between two consecutive stimuli was 20 mm. Importantly, the He-

Ne laser was switched off such that participants could not see the

target of the laser when directly viewing the stimulated hand.

White noise was played for the whole duration of the experiment to

mask any noise produced by the galvanometer.

Behavioral measures. Participants were asked to provide a verbal

rating of the intensity of the perception elicited by each stimulus

using a numerical rating scale ranging from 0 (no sensation) to 10

(most intense sensation). Ratings were collected approximately 3 s

after each stimulus.

At the end of the experiment, participants had to respond to a

Likert questionnaire assessing how much they felt they were look-

ing directly at the hand rather than a mirror image of their hand,

and how much they felt they were looking at their left or right

hand. Ratings ranged from -3 (strongly disagree) to 13 (strongly
agree) for the first question and from -100 (strongly left) to 1100

(strongly right) for the second question (Longo et al., 2009).

Electrophysiological measures. The EEG was recorded at a

1 kHz sampling rate using a 64-channel amplifier and digitizer

(ASA-LAB EEG system, Advanced Neuro Technologies, The

Netherlands). Scalp signals were acquired with an average refer-

ence, using 64 shielded electrodes, positioned according to the 10-

10 system (Waveguard; Advanced Neuro Technologies). The

ground electrode was positioned at AFz. A pair of bipolar electro-

des placed at the upper-left and lower-right sides of the right eye

were used to record eyeblinks and ocular movement.

Analysis of the EEG data was carried out using Letswave 5

(http://www.nocions.org/letswave). The continuous EEG record-

ings were band-pass filtered using 0.5-30 Hz Butterworth zero

phase filter, segmented in 1.5 s epochs extending from -0.5 to 11 s

relative to stimulus onset. Electrooculogram (EOG) artifacts were

subtracted using a validated method based on independent compo-

nent analysis (ICA; Jung et al., 2000). In all datasets, ICs related to

eye movements had a large EOG channel contribution and a frontal

scalp distribution. Baseline correction was performed using the -

0.5 to 0 s prestimulus interval. Epochs exceeding 6 100 mV were

excluded. For each participant, eight separate average waveforms

were computed for each experimental condition (direct vs. mirror

vision of the hand vs. object) and type of stimulus (nociceptive vs.

non-nociceptive).

Statistical analysis. Our primary aim was to assess the differential

effects of direct versus mirror vision of the hand versus a neutral

object on the responses elicited by nociceptive and non-nociceptive

somatosensory stimuli delivered to the hand.

For this purpose, we first compared the intensity of perception

separately for each modality, using a two-way repeated measures

analysis of variance (ANOVA) with the factors vision (direct vs.

mirror vision) and content (viewing the hand vs. viewing the

object). In addition, we performed a three-way repeated measures

ANOVA with the factors vision, content, and modality (nocicep-

tive and non-nociceptive) to assess whether vision and content

affected differently the percept elicited by nociceptive and non-

nociceptive stimuli.

To assess the effects of vision and content on the magnitude of

the nociceptive and non-nociceptive ERPs, we then performed a

two-way repeated measures ANOVA with the factors vision (direct

vs. mirror vision) and content (viewing the hand vs. viewing the

object) on each time point of the ERP waveforms. Because the

responses elicited by nociceptive and non-nociceptive stimulation

were expected to occur at different latencies (the average nerve

conduction velocity of large-diameter non-nociceptive Ab fibers is

far greater than the average nerve conduction velocity of small-

diameter nociceptive Ad fibers), nociceptive and non-nociceptive

ERPs were analyzed separately. This yielded, for each modality,

the time courses of the main effect of vision, the main effect of

content, and the interaction between the two factors. The analysis

was first performed on the waveforms recorded from the scalp ver-

tex (electrode Cz), because responses are usually maximal at that

location, and previous studies also were focused on and observed

significant differences between conditions, at that electrode loca-

tion (Longo et al., 2009).

Because both nociceptive and non-nociceptive stimuli also elicit

early-latency peaks maximal over the central region contralateral

to the stimulated hand (e.g., the N170 wave elicited by laser stimu-

lation of the hand dorsum; Kunde & Treede, 1993, and the N120

wave elicited by non-nociceptive stimulation of the median nerve

at the level of the wrist; Garcia-Larrea, Lukaszewicz, & Mau-

guiere, 1995), the same analysis was performed on the waveforms

recorded from the central electrode contralateral to the stimulated

hand (electrode C3; see online supporting information Figure S1).

A cluster-based permutation testing was used to assess the time

intervals during which the ERP waveforms showed significant dif-

ferences. Cluster-based thresholding is an approach commonly

used in neuroimaging to overcome problems related to multiple

comparisons (Forman et al., 1995). The technique assumes that

true neural activity will tend to generate signal changes over con-

tiguous time points (Forman et al., 1995; Maris & Oostenveld,

2007). First, the raw F-statistic waveforms were thresholded at

p< .05 to identify clusters of contiguous points showing a signifi-

cant effect. An estimate of the magnitude of each cluster was then

obtained by computing the sum of the F values constituting each

cluster. Second, permutation testing (1,000 random permutations of

the conditions within all subjects) was used to assess the distribu-

tion of cluster magnitudes in randomly permuted data. This was
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used to define, for each within-subject effect, a cluster magnitude

threshold, set at the 95th percentile of the cluster magnitude distri-

bution (i.e., p< .05). Applying this cluster threshold allowed for

the identifying of time intervals where the ERP waveforms showed

a significant effect of vision, a significant effect of content, and/or

a significant interaction between the two factors.

Experiment 2

Because our behavioral results did not replicate the effect of view-

ing the hands on pain perception as has been reported in previous

studies, we conducted a second experiment in eight additional sub-

jects (6 women, 2 men, mean age 27.5 6 3.6, all right-handed) to

examine whether the lack of effect in the present study could be

due to (a) the fact that participants were not explicitly asked to

look passively for 60 s at their hand or the object before each block

(Longo et al., 2009), and/or (b) the use of a numerical rating scale

extending from 0 to 10 instead of from 0 to 100 (Longo et al.,

2009, 2012). For this purpose, in Experiment 2, participants were

asked to passively look at the hand or object for 60 s before the

beginning of each block (as in Longo et al., 2009). Furthermore,

participants were asked to provide a rating of stimulus intensity as

well as a rating of unpleasantness using a 0-100 scale. Finally, we

increased the duration of the laser stimulus from 20 ms to 40 ms to

elicit a more consistent and long-lasting pain percept. Indeed,

because of their difference in wavelength, the CO2 laser used in the

present study only heats the most superficial layers of the skin

whereas the Nd:YAP laser used in other studies penetrates more

deeply, thereby heating a greater volume of skin tissue for a longer

time. The mean energy density of the stimulus was 20.3 6 7.3 mJ/

mm2. All other experimental factors were identical to Experiment

1, except for the fact that the EEG was not recorded. As in Experi-

ment 1, the effects of vision (direct vs. mirror) and content (hand

vs. object) on the ratings of intensity and unpleasantness were

assessed separately for each modality using a two-way repeated

measures ANOVA. In addition, we performed a three-way repeated

measures ANOVA with the factors vision, content, and modality

(nociceptive and non-nociceptive) to assess whether vision and

content affected differently the percept elicited by nociceptive and

non-nociceptive stimuli.

Experiment 3

In a third experiment, we examined whether the glass panel placed

at the sagittal midline when participants viewed their hand directly

could have influenced the perception of the nociceptive and non-

nociceptive stimuli. Furthermore, we examined whether previously

reported effects of viewing the hand on pain perception could have

been related, at least in part, to vision of the laser stimulus or vision

of the experimenter manipulating the laser stimulator. For this pur-

pose, we compared subjective ratings of the painfulness and

unpleasantness of nociceptive and non-nociceptive stimuli while

manipulating (a) the presence or absence of a visible spot indicat-

ing the position of the laser target on the stimulated hand, and (b)

the presence or absence of a glass panel positioned at the sagittal

midline. The methods and results of this third experiment are

reported as online supporting information.

Results

Behavioral Results

Both in Experiment 1 and in Experiment 2, the two-way repeated

measures ANOVA performed on the intensity of perception of

nociceptive stimuli and on the intensity of perception of non-

nociceptive stimuli did not show significant main effects of vision

or content (Figure 2, Table 1). In Experiment 2, there was also no

effect of vision and content on the ratings of unpleasantness (Figure

2, Table 2).

The three-way ANOVA, including modality as additional fac-

tor, only showed a main effect of modality on unpleasantness

Figure 2. Behavioral results. In both experiments, there was no significant effect of vision (direct vs. mirror vision) and content (hand vs. object) on

the ratings of intensity of the percept elicited by nociceptive and non-nociceptive stimuli. In Experiment 2, there was also no effect of vision on the

perceived unpleasantness of the stimuli. The color bar graphs represent the group-level average and standard deviation of the ratings. The gray bar

graphs represent the group-level average difference in ratings when viewing the hand versus the object.
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scores in Experiment 2 (Experiment 2: F(1,8) 5 10.560, p 5 .014,

gp
2 5 .601).

Results of the Likert questionnaire showed that, on average,

participants felt more strongly that they were looking directly at

their hand when they looked directly at their right hand through the

glass panel as compared to when they looked at the mirror reflec-

tion of their left hand (nociceptive stimulation: p 5 .016, non-

nociceptive stimulation: p 5 .025). Furthermore, they felt more

strongly that the hand they were looking at was a right hand (noci-

ceptive stimulation: p 5 .014, non-nociceptive stimulation:

p 5 .003) (Figure 3). This suggests that looking at the hand through

the mirror did not equal looking at the hand through the glass.

Electrophysiological Results

In each experimental condition and each participant, nociceptive

and non-nociceptive somatosensory stimuli elicited a consistent

ERP maximal at the scalp vertex. Following nociceptive stimu-

lation, this consisted in a negative peak (N240: 213 6 31 ms;

mean and standard deviation) followed by a positive peak

(P350: 320 6 33 ms). Both peaks were maximal at the scalp

vertex. Following non-nociceptive stimulation, this consisted in

a negative peak (N140: 127 6 17 ms) followed by a positive

peak (P200: 233 6 13 ms).

The results of the point-by-point two-way repeated measures

ANOVA with cluster-based thresholding assessing the effects of

vision and content on the ERP waveforms recorded at electrode Cz

are shown in Figure 4.

Analysis of the nociceptive ERP waveforms obtained at elec-

trode Cz showed a sustained significant main effect of the factor

content during the time window corresponding to the latency of the

N240 wave (one cluster: 212-276 ms after stimulus onset). There

was no main effect of the factor vision and no interaction between

the two factors. Both during direct vision and during mirror vision,

the amplitude of the N240 wave was reduced when participants

viewed their hand as compared to when they viewed the object

(Figure 4). Analysis of the non-nociceptive ERP waveforms

obtained at electrode Cz showed a sustained significant main effect

of the factor content during the time window corresponding to the

latency of the P200 wave (one cluster: 248-320 ms after stimulus

onset). There was no main effect of the factor vision and no inter-

action between the two factors. Both during direct vision and mir-

ror vision, the amplitude of the P200 wave was increased when

participants viewed their hand as compared to when they viewed

the object (Figure 4). The point-by-point analysis of the ERP wave-

forms recorded from the contralateral central electrode C3 did not

show any significant effect of the factors content and vision (see

supporting information Figure S1).

Discussion

The aim of the present experiment was to examine whether vision

of a body part exerts a differential effect on the perception and cort-

ical processing of non-nociceptive and nociceptive somatosensory

inputs applied to that body part. This has been suggested by the

results of previous studies examining the effect of vision on either

touch or pain (Kennett et al., 2001; Longo et al., 2009, 2012; Man-

cini et al., 2013; Taylor-Clarke et al., 2002). However, because no

study had so far included nociceptive and non-nociceptive stimuli

in the same experimental design, conclusions about this differential

effect of vision remained speculative. For this purpose, we com-

pared, within subjects, and using a strictly identical experimental

setup, the respective effects of direct versus mirror vision of the

hand versus a neutral object on the perception and ERPs elicited by

nociceptive versus non-nociceptive somatosensory stimuli deliv-

ered to the hand.

The first main result of our study is that we did not replicate the

“analgesic effect” of viewing the hand on nociception and pain that

has been reported in several previous studies (Longo et al., 2009,

2012; Mancini et al., 2013). Indeed, in the first, second, and third

Table 1. Effects of Vision and Content on Intensity of Perception

Intensity ratings (nociceptive stimulation)

Experiment 1 Experiment 2

F value p value gp
2 F value p value gp

2

Vision 0.156 .698 .010 0.449 .503 .066
Content 0.283 .602 .019 0.550 .483 .073
Vision 3 Content 0.732 .406 .047 0.527 .491 .070

Intensity ratings (non-nociceptive stimulation)

Experiment 1 Experiment 2

F value p value gp
2 F value p value gp

2

Vision 0.173 .683 .064 0.270 .619 .037
Content 1.018 .329 .064 0.148 .712 .021
Vision 3 Content 0.092 .765 .006 0.022 .886 .003

Table 2. Effects of Vision and Content on Unpleasantness

Unpleasantness ratings (nociceptive stimulation)
F value p value gp

2

Vision 0.146 .713 .020
Content 1.669 .237 .193
Vision 3 Content 1.321 .288 .159

Unpleasantness ratings (non-nociceptive stimulation)
F value p value gp

2

Vision 0.308 .596 .042
Content 0.125 .734 .018
Vision 3 Content 1.088 .332 .135
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experiments, the intensity of the percept elicited by laser stimuli

was not reduced by direct or mirror vision of the hand as compared

to direct or mirror vision of a neutral object. There was also no

effect of vision on the ratings of unpleasantness. Taken together,

these negative findings question the robustness of the previously

reported effect of “visual analgesia” (Longo et al., 2009, 2012;

Mancini et al., 2013). At present, we can only speculate on the rea-

sons why viewing the hand clearly did not modulate pain percep-

tion in all the experiments of the present study.

A nontrivial difference between the present study and previous

studies concerns the position of the hands in the different condi-

tions. In previous studies (e.g., Longo et al., 2009), participants

had both hands on the table during mirror vision but only one dur-

ing mirror vision of the object. In the present experiment, partici-

pants always kept both hands on the table to ensure that observed

differences were not due to a difference in hand position rather

than a difference in vision (when viewing the object, the hand

remained on the table and was covered with a box onto which the

object was placed). This could be important, as it has been shown

that differences in the relative position of the hands can modify

the processing of stimuli applied to the hands (Shore, Gray, Spry,

& Spence, 2005). It should be noted that Mancini et al. (2013) did

find that viewing the hand induces a significant reduction of the

perception elicited by painful tonic heat even though participants

kept both hands on the table in all conditions. However, when

participants viewed their hand in that study, they also viewed the

stimulation thermode attached to the hand. In contrast, the stimu-

lator was never visible in the present experiment. Interestingly,

Mancini et al. (2013) also found that vision of the hand reduced

the perception of noxious heat stimuli but not the perception of

innocuous warmth stimuli, as compared to the vision of a neutral

object. Whether the lack of effect in the present study could have

been related to the use of lower nociceptive stimulation intensities

and/or shorter stimulus durations should thus be considered. How-

ever, this seems unlikely as stimuli were qualified as clearly

pricking in all the experiments of the present study. Furthermore,

no effect was observed in Experiments 2 and 3 in which the dura-

tion of the stimulus was increased such as to elicit a more consist-

ent and long-lasting pain percept. The finding that no effect on

perception was observed both when participants rated intensity

using a 0-10 scale and a 0-100 scale indicates that the lack of

effect was not due to a difference in numerical rating scales.

Finally, no effect on perception was observed when a pain scale

was used, suggesting that the lack of effect did not depend on the

quality of the percept.

In Experiments 1 and 2, when participants viewed directly the

stimulated right hand, a glass panel was positioned at the sagittal

midline to better match the condition of viewing the reflection of

the left hand in the mirror. Therefore, one possible explanation for

the lack of effect of viewing the hand on pain perception could

have been an unaccounted effect of the interposed glass panel. Fur-

thermore, in Experiments 1 and 2, a crucial feature of the experi-

mental setup was that we carefully avoided any possible confound

related to vision of the stimulator and/or vision of the experimenter

Figure 3. Effect of mirror versus direct vision of the hand on hand perception (Experiment 1). Group-level average and standard deviation of Likert

scores.
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manipulating the stimulator. Therefore, it is possible that previ-

ously reported effects of viewing the hand on pain perception could

have been related, at least in part, to vision of the laser stimulus or

vision of the experimenter manipulating the laser stimulator. To

address these questions, we conducted a third experiment, in which

we further manipulated the content of vision. In one condition, par-

ticipants watched both their hand and a visible spot marking the

stimulation target. In a second condition, they watched their hand

without a stimulus. In a third condition, they watched an object

placed on top of the hand. Furthermore, participants either looked

at the hand or object directly, or through an interposed glass panel

such as in Experiments 1 and 2. Analysis of the ratings of painful-

ness and unpleasantness did not reveal any significant differences

across conditions. This indicates that the lack of visual analgesia

observed in the present study was not dependent on the presence of

the glass. Furthermore, it indicates that the visual analgesia

reported in previous studies was probably not related to viewing

the stimulus.

Contrasting with the lack of effect on intensity of perception,

we found that both during mirror vision and direct vision the mag-

nitude of the N240 component elicited by nociceptive stimuli was

significantly reduced when participants looked at their hand as

compared to when they looked at a neutral object (Figure 4). No

effect was observed at the latency of the later P350 component.

This result is compatible with previous findings reporting that look-

ing at the hand is associated with a significant reduction of the

magnitude of the ERPs delivered to the watched hand. In contrast,

studies assessing the effect of spatial attention have shown that

direction of spatial attention towards the stimulated area tends to

increase the magnitude of the elicited ERPs (Legrain, Bruyer, Gue-

rit, & Plaghki, 2005; Legrain, Guerit, Bruyer, & Plaghki, 2002,

2003; Legrain et al., 2012). Most interestingly, different effects

were observed when analyzing the non-nociceptive ERP wave-

forms. Indeed, both during mirror vision and direct vision, the mag-

nitude of the P200 component elicited by non-nociceptive stimuli

was significantly increased when participants looked at their hand

as compared to when they looked at the object (Figure 4). No effect

was observed at the latency of the earlier N140 wave.

The notion that vision of the body exerts apparently different

effects on the processing of nociceptive and non-nociceptive soma-

tosensory inputs relies mainly on the finding that vision of the

stimulated body part can decrease the magnitude of the nociceptive

Figure 4. Effect of vision (direct vs. mirror) and content (hand vs. object) on the magnitude of nociceptive and non-nociceptive ERPs. The magnitude

of the nociceptive ERP was, on average, greater during vision of the object as compared to vision of the hand. This difference was significant in the

time window corresponding to the N240 peak (main effect of content, extending between 212 and 276 ms). Conversely, the magnitude of the non-

nociceptive ERP was, on average, greater during vision of the hand as compared to vision of the object. This difference was significant in the time

window corresponding to the P200 peak (main effect of content, extending between 248 and 320 ms). The red waveforms correspond to the group-

level average ERPs recorded during vision of the hand. The blue waveforms correspond to the group-level average ERPs recorded during vision of

the object. The scalp maps represent the group-level average topography of the N240 and P350 peaks of nociceptive ERPs, and the N140 and P200

peaks of non-nociceptive ERPs. The lower panel represents the time course of the main effect of content, keeping only clusters that survived the

cluster-based permutation testing.
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N240-P360 (Longo et al., 2009) whereas it can increase the magni-

tude of the non-nociceptive N80 (Taylor-Clarke et al., 2002). How-

ever, in the same experiment, Taylor-Clarke et al. (2002) found

that the N140 was systematically reduced when viewing the hand.

Comparison of the effect of vision on the magnitude of nociceptive

ERPs to the effect of vision on the magnitude of the non-

nociceptive N140 could be more appropriate considering that the

nociceptive N240 and the non-nociceptive N140 are thought to

reflect functionally similar processes (Legrain et al., 2002; Mour-

aux & Iannetti, 2009; Sambo, Gillmeister, & Forster, 2009a; Van

der Lubbe, Buitenweg, Boschker, Gerdes, & Jongsma, 2012) origi-

nating at least partly from the same brain areas (Garcia-Larrea,

Frot, & Valeriani, 2003; Garcia-Larrea et al., 1995). Such a com-

parison would lead to an entirely different conclusion: that vision

of the body decreases the responses to both nociceptive and non-

nociceptive somatosensory inputs. Indeed, the enhancement of the

non-nociceptive P200 observed while viewing the hand in the pres-

ent study appeared to be also present in the results of Taylor-

Clarke et al. (2002). This effect could be mediated by a modulation

of activity in multimodal areas (Forster & Gillmeister, 2011; Gill-

meister & Forster, 2010; Sambo, Gillmeister, & Forster, 2009b).

Although the results of the Likert questionnaire showed that, on

average, when participants looked directly at their hand through the

glass window, they felt more strongly that they were looking

directly at their hand, no significant main effect of vision was

observed in the analysis. This suggests that the content of vision

(hand vs. object) rather than the vision (glass vs. mirror) plays a

role in the modulation of brain responses.

In conclusion, our results support the notion that vision of the

body can affect differently the processing of nociceptive and non-

nociceptive stimuli. Indeed, vision of the hand decreased the mag-

nitude of the N240 elicited by nociceptive stimuli whereas it

increased the magnitude of the P200 elicited by non-nociceptive

stimuli. Most importantly, the lack of interaction between the fac-

tors content and mirror indicate that this effect was independent of

whether the participants looked directly at the stimulated hand or

whether they looked at a mirror image of the contralateral hand.

The differential modulation of nociceptive and non-nociceptive

ERPs by vision indicates that they reflect, at least in part, function-

ally distinct cortical processes. However, the lack of any concomi-

tant change in the intensity of the percept elicited by nociceptive

and non-nociceptive stimuli indicates that these changes in brain

activity may be unrelated to the previously reported analgesic

effect of viewing the hands.

Furthermore, the lack of effect of vision on the perception of

nociceptive stimuli observed in all the experiments of the present

study raises questions on the contextual factors required for this

multisensory interaction to appear, and leaves open the question

about the processes underlying the modulation of nociceptive and

non-nociceptive ERPs.
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