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Nociception inﬂuences the perception of visual stimuli around the body.
Such a crossmodal inﬂuence relies on multisensory representations of body parts.
Global representation of the body as a whole is less important in such interactions.
The data are clinically relevant to understand cognitive biases in chronic pain.

a r t i c l e

i n f o

Article history:
Received 2 March 2017
Received in revised form 16 May 2017
Accepted 28 May 2017
Available online 31 May 2017
Keywords:
Nociception
Vision
Multisensory interactions
Peripersonal space
Peri-limb representations
Temporal order judgments

a b s t r a c t
In order to adapt behavior to a potentially body damaging threat, it is crucial to coordinate the perception of the location of the threat in external space and that of the location of the potential damage on
the body surface. Such ability presupposes interactions between nociceptive stimuli and visual stimuli
occurring close to the body. We hypothesized that these interactions would rely on multisensory representations of each limb itself, extending its boundaries slightly into external space, with less inﬂuence
of the global representation of the body as a whole. In most studies investigating such representations,
spatial organization of the somatic and extra-somatic stimuli is made according to an egocentric frame
of reference centered on the main axes of the participant’s whole body (e.g. the trunk), dissociating the
left vs. the right side of space. Here, the contribution of such a body-centered frame was minimized, by
placing participants’ hands in front of them along their anteroposterior body axis, one at a proximal, the
other at a distal location. They performed a temporal order judgment task on pairs of visual stimuli, one
delivered close to each hand. Visual stimuli were preceded by nociceptive stimuli applied either on one
hand, or on both hands simultaneously (control condition).
Results showed that, as compared to the control condition, participants’ judgements were biased in
favor of the visual stimuli the closest to the stimulated hand, irrespective of their distance from the
trunk. This ﬁnding supports the idea that the mechanisms underlying nociceptive-visual interactions are
based on spatial representations that primarily use the stimulated limb rather than the whole body as a
coordinate system.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Monitoring the space of the body and the external space around
the body is of primary importance to identify and react to stimuli that might inﬂict physical damage on the body. Such ability
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is thought to rely on the existence of speciﬁc representations of
the body, namely peripersonal representations, slightly extending
their physical boundaries into external space in order to integrate
somatic and non-somatic (e.g. visual) stimuli [1]. Such multisensory peripersonal representations have been largely evidenced for
the spatial perception of touch [2], and have also recently been
shown to be involved in the processing of nociceptive stimuli [3–5],
that is, stimuli activating the neurophysiological system involved
in transmitting inputs about potentially harmful sensory events
to the cortical brain. Most of these studies used temporal order
judgment (TOJ) tasks during which participants discriminate the
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temporal order of two stimuli presented in rapid temporal succession. These tasks are classically used to measure effects of selective
attention, and are grounded on the theory of prior-entry according to which the processing of attended stimuli is speeded-up as
compared to unattended ones [6]. In these studies [3–5], pairs of
nociceptive stimuli were presented to the participants, one on each
hand, and they judged which of the two hands they perceived as
having been stimulated ﬁrst. Slightly before the nociceptive stimuli, a visual stimulus was presented in either the left or the right
side of space, at different locations relative to the hands. It was
shown that the participants’ judgments were biased to the advantage of the perception of the nociceptive stimuli applied on the
hand the closest to the visual stimulus, irrespective of the relative position of the hands and the visual stimuli in external space
[5]. These studies thus suggest that the perception of nociceptive
stimuli depends on the vision of an object occurring in external
space that might have an immediate impact on the body. However, investigating the reverse link, that is, how the perception of
visual space can be inﬂuenced by bodily sensations, seems also
ecologically, and, most notably, clinically relevant. Indeed, it has
been recently shown that patients with unilateral chronic pain
can be characterized by difﬁculties in representing and perceiving
the affected limb [7], and, in addition, in perceiving visual stimuli presented in the side of space ipsilateral to the affected limb
[8]. The aim of the present study was therefore to understand
how a nociceptive stimulus applied to a speciﬁc limb could impact
the perception of a visual stimulus occurring in the peripersonal
space of that stimulated limb. The second aim was to disentangle whether nociceptive-visual interactions are mostly facilitated
by a peripersonal representation of space centered on the stimulated limb itself, that is, a body representation extending in
the close vicinity of the limb, or a global peripersonal representation of the body as a whole, according to which objects can
be reached by upper-limb movements. In previous studies [3–5],
nociceptive-visual interactions were actually investigated using
the main spatial organization of the body, dissociating the left and
the right sides of space, which are always deﬁned according to a
global egocentric frame of reference, that is, the midsagittal plane
of the participant’s whole body [1]. Indeed, although in these studies the largest signiﬁcant effect was always observed for visual
stimuli the most proximal to the hands, the results showed that
nociceptive stimuli were in each case inﬂuenced by visual stimuli presented ipsilaterally to the stimulated hemibody, even those
presented more distally from the hands. Here, in order to minimize
confusing effects of a possible whole-body representation, and to
investigate the speciﬁc contribution of a peri-limb representation
to nociceptive-visual interactions, we avoided the classic left-right
dimension usually used in TOJ tasks. Indeed, visual stimuli and the
stimulated hands were not aligned anymore according to the left
vs. right side of space, but along the midsagittal plane of the body.
Therefore, the perception of visual space was not manipulated anymore according to the left vs. right side of space, but according
to the depth along the anteroposterior axis of the body. Similarly,
although nociceptive stimuli were still applied to the two opposite hemibodies, the left and right hands were placed proximally
vs. distally from the participants’ trunk. Concretely, participants
were asked to perform a TOJ task on pairs of visual stimuli, one
occurring close to (i.e. at a proximal location), the other one far
from (i.e. at a distal location) the participants’ trunk while one
hand was placed close to each visual stimulus. Nociceptive stimuli were applied on one of the two hands. We hypothesized that
participants would prioritize the perception of the visual stimuli
occurring close to the stimulated hand, regardless of which hand
was stimulated and of the distance of the visual stimuli from the
trunk.

2. Methods
2.1. Participants
Sixteen paid participants took part in the experiment (mean age:
21.87 ± 3.42 years, range: 18–32 years, 13 women). The sample size
was chosen based on previous studies that succeeded to observe
signiﬁcant effects with similar designs and equivalent sample size
(e.g. [3–5]). Participants had no prior history of neurological, psychiatric, heart and chronic pain disorders, no trauma of the upper
limbs in the previous six months and no regular drug intake, including painkillers and anti-inﬂammatory within the 12 h before the
experiment. All of them had normal to corrected-to-normal vision
and slept at least 6 h the night preceding the experiment. According to the Flinders Handedness Survey [9], 14 participants were
right-handed. Written informed consents were obtained and all
experimental procedures were approved by the local ethics committee in agreement with the latest version of the Declaration of
Helsinki.

2.2. Stimuli and apparatus
Visual stimuli were presented by means of two light-emitting
diodes (LEDs), a red one (625 nm wavelength at 20 mA, 756mcd
luminous intensity, 120◦ viewing angle) and a blue one (465 nm
wavelength at 20 mA, 370mcd luminous intensity, 120◦ viewing
angle) (Multicomp, Farnell element14, Leeds, UK). A third yellow
LED (591 nm wavelength, 700mcd luminous intensity at 20 mA,
120◦ viewing angle) was used as ﬁxation point during the task.
During the experiment, the red and blue LEDs were illuminated
with a 5 ms duration and were perceived by the participants as
brief ﬂashes. Their colors were clearly discriminated by all participants. One of the two experimental LEDs was placed ∼32 cm from
the edge of a table in front of the participant (proximal location),
the other one at a distance of ∼60 cm (distal location), both on a
straight line perpendicular to the table’s edge. The order in which
red and blue LEDs were placed either at the proximal or the distal
location was counterbalanced across participants. The yellow ﬁxation LED was placed equidistantly from the red and blue LEDs on
the same line.
Nociceptive stimuli were applied on the hands’ dorsa by means
of intra-epidermal electrical stimulations (IES) using stainless steel
concentric bipolar needle electrodes (Nihon Kohden, Tokyo, Japan)
[10]. The needle cathode was of 0.1 mm in length and 0.2 mm in
diameter and was surrounded by a cylindrical anode of 1.4 mm in
diameter. By gently pressing the electrode against the skin, the needle cathode was inserted into the epidermis in the sensory territory
of the superﬁcial branch of the radial nerve. The absolute detection threshold of the IES to a single 0.5 ms square-wave pulse was
established for each hand separately using a staircase procedure
[11]. Once determined, the threshold values were doubled. Using
IES based on such a procedure has been shown to speciﬁcally and
selectively activate skin A␦ nociceptors [12]. IES intensities were
adjusted if necessary so that they were perceived as equally intense
between the two hands, but with values no more than 0.5 mA [13].
Adjustments were made to avoid unbalanced intensities between
the cue conditions (i.e., proximal vs. distal cueing, see Procedure).
During the experiment, nociceptive stimuli consisted of trains of 3
consecutive 0.5 ms IES pulses separated by an interpulse interval
of 5 ms. Sensations were described by the participants as pricking.
After each block of stimulation, participants were asked to rate verbally the perceived intensity of the nociceptive stimuli on a scale
ranging from 0 (=not perceived) to 10 (=very intense), in order to
ensure that (1) there was no habituation and the stimuli were still
perceived as pricking, and (2) their intensities were qualiﬁed as
equivalent between the two hands. If necessary, stimulus intensi-
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Fig. 1. Illustration of the experimental set-up. Participants performed a temporal
order judgment task on two colored LEDs (i.e. red and blue), placed equidistantly
from a yellow ﬁxation LED along the participants’ anterioposterior body axis. Participants placed each hand close to one of the target LEDs, so that both the hands and
the targets LEDs were positioned at a proximal vs. distal location. Slightly before the
presentation of visual stimuli, nociceptive stimuli (represented by red ﬂashes) were
applied either on both hands simultaneously or on one single hand. The positions
of the colored target LEDs and of the hands were counterbalanced across participants. (For interpretation of the references to color in this ﬁgure legend, the reader
is referred to the web version of this article.)

ties were adjusted in order to meet both criteria, with 0.5 mA as a
limit. If none of the criteria was met and the limit reached, the electrodes were displaced and the threshold measurement restarted
before starting the next block [13]. For analyses, stimulus intensities were characterized for each hand by the highest intensities of
current adjusted during the experiment.
2.3. Procedure
The participants were sitting on a chair placed in front of a table
in a dimly illuminated testing room. Their arms rested on the table
and their head was placed in an individually adapted chin-rest to
avoid head movements. Participants sat in a way that the three
LEDs were positioned along their body’s midsagittal plane, in front
of them. After the threshold measurements, the participants were
asked to place their hands on the table, palms down, one close to
each of the target LEDs, so that the LEDs were placed between the
thumb and the index ﬁnger of each hand. Hence, one of the hands
was positioned proximally to the body trunk, whereas the other one
was placed distally to it, according to the anteroposterior axis (i.e.
in line with the body sagittal plane). The position of the hands were
counterbalanced across participants, with half of the participants
placing their left hand at the proximal location and the right hand
at the distal location, and the other half of participants doing the
reverse (see Fig. 1).
The participants were presented with one practice block of 10
trials, with only the two largest time intervals (i.e. SOAs, stimulus
onset asynchronies, see below) between the two visual stimuli,
and two experimental blocks of 90 trials each. One experimental
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block lasted about 8 min. A trial started with the illumination of the
yellow ﬁxation LED, which remained illuminated during the whole
trial. The participants were asked to maintain their gaze on that
LED. Five hundred ms after the ﬁxation light onset, a nociceptive
stimulus was applied either on one of the hands (single cueing
condition) or on both hands at the same time (simultaneous cueing
condition). In the single cueing conditions, the nociceptive stimulus
was applied either on the hand the closest to the trunk (i.e. the hand
next to the proximal visual stimuli) or on the hand the furthest from
the trunk (i.e. the hand next to the distal visual stimuli). The three
conditions, single proximal cueing, single distal cueing and simultaneous cueing, were equiprobably and randomly presented across
trials. After 200 ms, the pair of visual stimuli was presented, one
stimulus ﬂashed close to each hand. The two visual stimuli were
separated in time by twenty possible stimulus onset asynchronies
(SOAs): ± 200, ± 145, ± 90, ± 75, ± 60, ± 45, ± 30, ± 15, ± 10, ± 5 ms.
Negative values indicate that the proximal visual stimulus was
presented ﬁrst, while positive values indicate that the distal visual
stimulus was presented ﬁrst. The presented SOAs were determined
according to the adaptive PSI method, and selected trial by trial
considering the performance of the participant in all the previous
trials within one cueing condition [14,15]. This method mainly
aims to estimate the parameters of interest without probing
extensively all the SOAs. The participants were instructed to not
respond to the nociceptive stimuli but to verbally report the color
of the visual stimulus that was perceived as being presented ﬁrst
in one block and the color of the one that was perceived as being
presented second in the other block. These two different response
conditions were used to prevent that any potential response bias
could be mistaken for a perceptual spatial bias [6]. The order
of the two blocks was counterbalanced across participants. The
participants’ responses were encoded by the experimenter by
pressing a key that switched off the ﬁxation LED and triggered
the next trial 2000 ms later. Participants were instructed to be
as accurate as possible and that speed was not relevant for the
task. The participants were not given any feedback regarding
the accuracy of their responses. The whole experiment took on
average 30–45 min.
2.4. Measures
Data were ﬁtted online during the experiment with a logistic
function from which the parameters of interest (␣, the threshold,
and ␤, the slope) were derived. The parameter estimates correspond to the values of the last update computed by the adaptive
algorithm [14,15]. The ﬁrst parameter is the ␣ of the logistic function, which corresponds to the point of subjective simultaneity
(PSS) and refers to the SOA at which participants report the two
events (i.e. the illumination of the proximal and the distal LEDs) as
occurring ﬁrst equally often (i.e. the 0.5 criterion on the ordinate).
The PSS is thus the amount of time by which one stimulus has to
precede or follow the other one in order to be perceived as occurring
simultaneously [16]. The slope of the function, i.e. the ␤, describes
the noisiness of the participant’s performance, and corresponds to
the precision of the participant’s responses during the experiment
[15]. For all cueing conditions, the proportion of proximal visual
stimuli having been reported as perceived ﬁrst was plotted as a
function of SOA.
2.5. Analyses
Variables referring to the hands’ and LEDs’ positions were coded
according to the distance from the trunk (i.e. proximal vs. distal). In
order to test the presence of biases in the participants’ judgments,
PSS values were compared to 0 by using t-tests. Next, to compare
the different experimental conditions, a repeated-measures anal-
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ysis of variance (ANOVA) was performed on PSS and slope values
with cueing condition (single proximal vs. single distal vs. simultaneous) as within-subject factor. Greenhouse-Geisser corrections and
contrast analyses were used if necessary. Signiﬁcance level was set
at p ≤ 0.05.
3. Results
3.1. Intensity of the nociceptive stimuli
The mean values of the maximal intensity of the nociceptive
stimuli applied on the proximal hand and the distal hand were
0.30 ± 0.9 mA and 0.25 ± 0.08 mA respectively, and were significantly different (t(15)= 2.66, p=0.018). These values are in the
range of those used in previous studies to activate selectively skin
nociceptors without concomitant activation of mechanoreceptors
[12,13]. The self-reported intensities were on average 4.94 ± 1.78
and 5 ± 1.81 for proximal and distal hands respectively, and were
not signiﬁcantly different (Z=−0.82, p=0.414).
3.2. PSS and slope
The ﬁtted psychometric curves of the TOJ performances averaged across participants per condition are shown in Fig. 2A.
The t-tests revealed that the PSS values from the single proximal (M=23.00 ± 23.85) and simultaneous (M=9.58 ± 13.04) cueing
conditions were signiﬁcantly larger than 0 (t(15)=4.03, p= 0.001,
t(15)=2.94, p=0.010, respectively), while the PSS value for the single distal cueing condition (M=−12.76 ± 19.65) was signiﬁcantly
smaller than 0 (t(15)=−2.60, p= 0.020). This indicates that judgments were biased in all three conditions, towards the visual
stimuli presented close to the hand at a proximal location for the
single proximal and simultaneous cueing conditions, and towards
the visual stimuli presented close to the hand at a distal location in
the single distal cueing condition. The ANOVA performed on the PSS
values revealed a signiﬁcant main effect of the factor cueing condition (F(2,14)=15.59, p=0.001, 2 p=0.56). Contrasts analyses showed
that the PSS in the single proximal cueing condition was signiﬁcantly
larger (t(15)=2.84, p=0.013), while the PSS in the single distal cueing condition was signiﬁcantly smaller (t(15)=−4.15, p=0.001) as
compared to the PSS in the simultaneous cueing condition (Fig. 2B).
In addition, in order to compare the PSS values of the single distal
and proximal cueing conditions, the PSS values of the simultaneous
cueing condition were subtracted from the PSS values of each single cueing condition respectively (i.e. proximal vs. distal) for each
participant. This was intended to use the PSS value of the simultaneous cueing condition as a baseline, instead of 0, since the PSS
value of that condition was used as a neutral condition [18] and was
signiﬁcantly different from 0. The difference between absolute values of the mean deltas was not signiﬁcant (t(15)=−1.44, p=0.169),
suggesting effects of similar size for both single distal and single
proximal cueing conditions. Finally, the ANOVA performed on the
slope values did not reveal any signiﬁcant effect of the factor cueing
condition (F(2,14)=0.16, p=0.852).
4. Discussion
This study aimed to investigate the ability to represent a spatial
extension of the body space in order to prioritize the processing
of external stimuli that might have an impending impact on the
body’s integrity. More speciﬁcally, we demonstrated that a nociceptive stimulus inﬂicted onto one hand impacts the perception
of visual stimuli presented in the vicinity of the stimulated hand.
The participants performed a TOJ task on two visual stimuli placed
along the anteroposterior axis in front of them, at two different

distances from the body, proximally vs. distally from it. One hand
was placed next to each visual stimulus. This speciﬁc experimental
setting allows investigating the effect of the peripersonal representation of the limb, i.e. the peri-limb representation, on crossmodal
interaction between somatic and non-somatic stimuli, while minimizing the effect of the classic spatial dissociation into left vs. right
side of space. Opposing left and right sides of space often involves
an egocentric frame of reference, which is deﬁned by the main
axes of the body such as the midsagittal plane, mainly represented
by the body trunk. Therefore, by placing the hands and the visual
stimuli along the anteroposterior axis in front of the participants,
we limited the contribution of the anatomical representation of
the body as a whole. Indeed, although nociceptive stimuli were
still applied on the left vs. right hand according to an anatomical
reference frame, the position of the hands and the visual stimuli in external space, as well as the spatial congruence between
the locations of the stimuli from both modalities, were completely
independent of the classic lateral spatial organization, and rather
deﬁned in terms of spatial depth (i.e. proximal vs. distal). In addition, participants’ responses in the task were given according to
the color of the visual stimuli, and not their location, so that space
was irrelevant for the response mode, avoiding any confounding
effects of non-orthogonal response modalities [6]. In a ﬁrst condition, which served as a control condition, nociceptive stimuli were
applied on both hands simultaneously, a few milliseconds before
the visual targets. Attentional prioritization in TOJ tasks is usually
highlighted by shifts in the PSS [6]. We observed that PSS values
in this control condition were shifted towards the visual stimulus at a distal location. Visual stimuli presented distally had thus
to be presented about 10 ms before the ones presented proximally
in order to be perceived as being stimulated ﬁrst equally often. In
other words, judgments were biased to the advantage of the proximal visual stimuli, suggesting that the perception of visual stimuli
occurring close to the body received more attentional weight than
those presented far from it. It seems unlikely that this could be
accounted for by the difference in terms of the intensity of the
electrical current between the two IES cues, since this physical difference was marginal and not reﬂected by a difference in terms
of subjective perception. The proximal priority would be rather in
favor of a default use of a whole-body peripersonal representation.
In addition, it supports the idea that we prioritize the processing of sensory events occurring close to our body because they
might have a greater behavioral relevance due to their potential
impending impact on the body. Many studies support the dissociation between the peripersonal frame of reference, coding the
near space close to the body, and the extrapersonal frame of reference, coding the far out-of-reach space, which probably rely on
different cortical networks [1]. Paying more attention to sensory
events arising near the body would optimize contacts and manipulation of innocuous objects, but also defensive behaviors against
noxious objects in order to protect the physical integrity of the body
[19]. However, the priority for proximal visual stimuli after simultaneous nociceptive stimulation could also be explained in terms
of a difference between lower and upper visual hemiﬁelds. Indeed,
our participants were asked to ﬁxate their gaze right in the middle
between the proximal and the distal visual stimuli, so that the proximal visual stimuli were presented in the lower hemiﬁeld, and distal
visual stimuli in the upper hemiﬁeld. Experiments have demonstrated the dominance of the lower visual ﬁeld in several aspects
of visual perception, such as contrast sensitivity, visual acuity and
spatial resolution [20,21]. Nevertheless, the most striking result of
the present study is that, as compared to the simultaneous cueing
condition, in the single cueing conditions, the direction of the PSS
and, consequently, of the perceptual bias, depended on the hand on
which the nociceptive stimulus was applied (i.e. the one in proximal
vs. distal location), independently of the stimulated hand according
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Fig. 2. Visual temporal order judgements (TOJs). (A) Fitted curves of the psychometric function from the data of the 16 participants according to the cueing conditions. The
x-axis represents different possible SOAs. Negative values indicate that the proximal visual stimulus was presented ﬁrst, and positive values that the distal visual stimulus
was presented ﬁrst. The y-axis represents the proportion of trials in which the proximal visual stimulus was perceived as occurring ﬁrst. The sigmoid curves ﬁt respectively
the data of the single distal cueing condition (blue), the simultaneous cueing condition (green), and the single proximal cueing condition (red). The respective points of
subjective simultaneity (PSS) were obtained by deriving the x-values of the points of the ﬁtted curves with (x, 0.5) as coordinate. (B) Mean values of the PSS for the single
proximal cueing condition (red), the simultaneous cueing condition (green) and the single distal cueing condition (blue). Error bars represent the 95% conﬁdence intervals
adapted according to Cousineau’s method [17]. * = p ≤ 0.05, ** = p ≤ 0.001. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web
version of this article.)

to the anatomical reference (i.e. the left or right hand). When a nociceptive stimulus was applied on the hand proximal from the body
trunk, PSS values were shifted towards the distal visual stimuli,
and were signiﬁcantly larger than the ones obtained in the simultaneous cueing condition, although the direction of the bias was
the same. Conversely, when the nociceptive stimulus was applied
on the hand distal from the trunk, PSS values were completely
reversed as compared to the ones in the simultaneous cueing condition and were shifted towards proximal visual stimuli. In other
words, applying a nociceptive stimulus on one hand facilitated the
perception of a visual stimulus presented in the close vicinity of the
stimulated hand, irrespective of the distance of both the hands and
the visual stimuli from the trunk. Our study extends the results
of previous studies that evidenced the reverse effect, that is, the
impact of visual stimuli on the perception of nociceptive stimuli,
more speciﬁcally when the visual stimuli were presented close to
the stimulated hand, independently of the distance of the hands
relative to the trunk [3–5]. Similarly, other studies have pointed
out the importance of the distance of the presented stimuli from
the hand rather than its distance from the trunk by means of vegetative responses such as skin conductance responses (SCR) [22,23].
For instance, Rossetti et al. [22] observed that SCR to the occurrence
of a threatening and potentially noxious stimulus was increased
with the proximity of the stimulus to the hand, independently of
its distance relative to the trunk.
One could argue that the impact of a nociceptive cue on visual
perception could be due to a gaze shift triggered by the nociceptive stimulus towards its location, by increasing the foveal acuity
of the spatially congruent visual stimuli. However, this hypothesis
seems unlikely, since, due to the slow conduction velocity of the
A␦ ﬁbers (i.e. ∼10 m/s), the time interval between the respective
arrivals at the cortical level of the nociceptive and visual inputs
is inferior to the duration of a saccade [24]. Our results are more

likely to support the existence of peripersonal representations of
each limb that integrate somatic inputs, including nociceptive ones,
and non-somatic inputs such as visual stimuli, when these visual
stimuli are presented close to the limb. Moreover, our results support the idea that peri-limb representations play a primary role
in nociceptive-visual interactions, while minimizing the effect of a
more general peripersonal representation centered on the body as
a whole. Such a conclusion is in line with similar studies investigating visuo-tactile interactions. For instance, single-cell recordings in
monkeys have revealed the existence of bimodal neurons, mainly
in the ventral parts of the premotor (vPM) cortex and the intraparietal sulcus (VIP) [19,25,26]. More speciﬁcally, some vPM neurons
were found to associate both a tactile receptive ﬁeld (RF) and a
visual RF, with the particularity that the visual RF of these neurons
is independent of the retina position, and is, instead, anchored to
the tactile RF, moving with it during limb displacement. In humans,
such peri-limb spatial representations were illustrated for instance
by the behaviors of patients with extinction syndrome consecutive
to right hemisphere damage characterized by an inability to report
left-sided stimuli when presented simultaneously with right-sided
stimuli. More speciﬁcally, the perception of a touch applied on one
limb can be extinguished in these patients by a visual stimulus but
only if it was presented close to the opposite and homologous limb
[27]. In other words, patients’ perceptual abilities were characterized by a pathologically unbalanced competition between spatial
peripersonal representations of two speciﬁc homologous limbs (e.g.
the two hands).
Our results are also of clinical relevance for the understanding of
cognitive biases observed in chronic pain, such as complex regional
pain syndrome (CRPS). CRPS is an afﬂiction mainly characterized by
pain, vegetative, motor and trophic symptoms in one limb. However, recent studies demonstrated a disrupted perception of tactile
stimuli, which could not be explained by peripheral mechanisms,
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but rather by a distortion of body representation [7]. Very recent
studies have furthermore shown, using similar visual TOJ tasks, that
CRPS patients can also display perceptual biases affecting the perception of external visual stimuli, especially those presented close
to the affected limb, suggesting that they “neglected” the side of
space around the affected limb [8]. Moreover, preliminary studies
suggest that manipulating visuospatial perception combined with
visuomotor coordination could be used as an efﬁcient rehabilitation technique to alleviate pain and other related symptoms in CRPS
[28]. Hence, studying interactions between nociception and vision
could be useful to characterize the frames of reference involved in
crossmodal interaction between pain and vision. This could lead
to a better apprehension of the spatial representations potentially
affected by chronic pain in order to improve the understanding of
the pathophysiology of CRPS [7].
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