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‘All the real or imaginary symptoms of his older patients
made their appearance in his body. He felt the shape of his
liver with such clarity that he could tell its size without
touching it. He felt the dozing cat’s purr of his kidneys, he
felt the iridescent brilliance of his vesicles, he felt the hum-
ming blood in his arteries.’

Gabriel Garcia Mdrquez, Love in the Time of Cholera

Since Berlucchi and Aglioti’s seminal review ‘The Body in
the Brain’ in 1997, research into the representation of the
body has expanded and new experimental paradigms and
approaches have been developed. This special issue of
Experimental Brain Research has emerged from a series of
workshops on Body Representation over the past 4 years,
which have taken a broad view of what constitutes body
representation. This breadth reflects the multiple purposes
and effects of representing one’s own body, and those of
other people. To illustrate this, the quote above describes
how a doctor’s perception of his own body is influenced not
just by current sensory input, but also by his knowledge of
his own body and the symptoms he has observed in other
people.

Needing a body of knowledge

Our perception and ongoing knowledge of our bodies
comes from different receptors and sensory modalities,
which is dealt with by a number of papers in this issue.
Many aspects of body perception are essential for, and inti-
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mately connected, with action, enabling us to interact with
other people and objects in our environment by approach-
ing or avoiding them. In keeping with the dual-route visual
pathway, a distinction has been drawn between touch for
perception versus touch for action (Dijkerman and de Haan
2007). The distinction has also been made between the
body as an instrument for action, versus an object of per-
ception (Gallagher 2005).

Often when we perceive objects through touch, they
come into contact with separate areas of skin. It has been
found that if two adjacent fingers are stroked in synchrony
with wooden rods, people integrate the two inputs, perceiv-
ing that they are being stroked by a single object (Kitada
et al. 2003). Following this work, Peelen et al. (this issue)
show that this integration still occurs when stroking a finger
on each hand or when two toes are stroked. This perceptual
integration process was associated with a network of activ-
ity across the right inferior parietal lobule, the left inferior
temporal sulcus and the left middle frontal gyrus (see also
Kitada et al. 2003). Interestingly, integration across the
body midline produced differential activation of the left
intraparietal sulcus, an area already implicated more gener-
ally in the binding together of sensory inputs.

Proprioception, the ability to localise our bodies and
limbs in space, is critical for perception and action. Jones
et al. (this issue) found that when judging the location of
their hand relative to the midline, people tended to perceive
their left hand as further to the left and their right hand as
further to the right. This may reflect a fundamental misper-
ception of hand position, which warrants further investiga-
tion.

Vision can also influence perception of the body and
touch. This can be vision of the body itself (Kennett et al.
2001) or visual stimuli presented close to the body. For
example, in the crossmodal congruency task developed by
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Spence et al. visual stimuli presented close to the body can
influence judgements about tactile stimuli presented at the
same time (for a review, see Maravita et al. 2003). In an
extension of this work, Igarashi et al. (this issue) showed
that spatial judgements of touches to the forefinger (tip ver-
sus base) were influenced by visual distractors positioned in
front of participants, even when there was no obvious spa-
tial relationship with the finger. This interference effect was
affected by the posture of their (hidden) hand, but the effects
were always high for two visual orientations; vertical and
45° towards the midline. The authors suggest that this
involves off-line knowledge of typical postures of the hand,
as well as knowledge about current hand posture.

Preparing, or being about to perform, an action has been
found to suppress somatosensory perception (Chapman
et al. 1988). Walsh and Haggard (this issue) used this effect
to probe the effects of motor inhibition. They found that
even when an attempt to inhibit a pre-prepared action was
unsuccessful, there was still a brief attenuation of this
somatosensory suppression. This shows that motor inhibi-
tion can exert a sensory effect even when the inhibition of
the motor response ultimately fails. This demonstrates the
flexible interplay between somatosensory and motor pro-
cesses.

Another, often neglected aspect of touch and the body is
its social function, which is addressed in a timely review by
Morrison et al. (this issue). Pleasant touch can increase
interactions between people (affiliative behaviour), produce
and support social bonds as well as allowing emotions to be
communicated nonverbally. They link these functions to
recent discoveries about the affective processing of touch,
from the skin to the brain.

In terms of identifying different types of body represen-
tation, dissociations in the effect of bodily illusions on
different perceptual and motor tasks have been used to
argue for an ever growing number of putative body repre-
sentations. Kammers et al. (this issue) caution against this
approach and suggest a way forward. They argue, and dem-
onstrate, that considering the differential weighting of infor-
mation can explain such findings without recourse to
expanding the number of body representations.

Whose body is it anyway?

How do we know that our body is our own? As mentioned
above, the fact that we can simultaneously feel and see our
own body is one of its defining characteristics. A very influ-
ential line of work has involved the rubber hand illusion.
Botvinick and Cohen (1998) observed that stroking a rub-
ber hand at the same time as a person’s hidden real hand led
people to perceive their hand in a similar position as the
seen fake hand, and to feel some sense of ownership over
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this rubber hand. Since this initial observation, there has
been much research into the boundary conditions for this
illusion and it has been suggested that we might take own-
ership of any object stroked synchronously with our body
(Armel and Ramachandran 2003). However, Tsakiris et al.
(this issue) demonstrated that although people were sensi-
tive to the synchrony of stroking of non-body objects, it
was only for the plausibly shaped rubber hand that syn-
chrony produced changes in self reports and localisation.
For this to occur, they suggest that an object must match
our implicit knowledge of the structure of our body (see
also Igarashi et al. above). Indeed, de Preester and Tsakiris
(2009) argue that this knowledge and resultant ownership
distinguish the incorporation of artificial hands or prosthet-
ics into the body from the extension of the body with tools.

Newport, Pearce and Preston (this issue) explored the
effect of adding an action component to the fake hand illu-
sion. In a novel set-up, using real-time manipulated visual
feedback, participants observed a virtual image of their own
hand displaced in space to the left or right of their real
hand. If one hand moved synchronously with their real
hand, their reported ownership of that virtual hand was
higher and they reached as if their real hand were in the
location of the synchronous virtual hand. When both fake
hands moved in synchrony, participants reported feeling
ownership of both hands, creating an analogue of the phe-
nomenon of supernumerary limbs where patients feel that
they have more than one of a particular limb. However,
they still reached as if controlling a single hand, perhaps
reflecting how action constrains ownership.

There is also something distinctive about observing the
body of another person. Two brain areas have been found
to respond preferentially to bodies (without faces) as com-
pared to other objects; the extrastriate body area (EBA,
Downing et al. 2001) and the fusiform body area (FBA,
Peelen and Downing 2005). While these areas respond to
static bodies, there has been a great deal more research on
the observation of other people’s actions. Much of this
research has been inspired by the report of mirror neurones
in the primate brain that respond to both the monkeys’
own action and the sight of another person moving (di
Pellegrino et al. 1992).

Cross et al. (this issue) investigated how the EBA and
FBA respond to contorted versus normal body postures.
Both areas responded more strongly to contorted body pos-
tures compared to ordinary postures, but the FBA also
showed a viewpoint independent response to body postures.
This suggests a way of separating the roles of the EBA and
FBA. A further set of areas, more commonly associated
with the observation of other people’s actions, also showed
a viewpoint independent response. This implies that view-
ing real action, or even implied action, is not required to
activate this system. Investigating another aspect of body
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posture, Calvo-Merino et al. (this issue) asked participants
to make aesthetic judgements about body postures. They
examined the effect of transcranial magnetic stimulation
(TMS) on the participant’s preference between two pos-
tures and assessed whether this preference reflected the per-
son’s own ratings when shown the postures individually.
This subjectivist approach did not assume which postures
would be aesthetically pleasing. They observed differential
effects of repetitive TMS over the EBA and the ventral pre-
motor area, with the latter tending to improve and the
former tending to worsen judgements. This therefore sug-
gests a role for these body-related brain areas in appreciat-
ing aesthetic aspects of the body in space.

Three papers in this issue concern observation of the
actions of other people for different purposes; imitation,
action judgment and emotional judgment. First, Wild et al.
(this issue) asked participants to observe a series of point-
ing movements in order to imitate the action. Unbeknownst
to participants, they manipulated the speed of the move-
ment. They found that participants modulated their own
speed only when they observed the pointing action in the
absence of a goal. This suggests differential mechanisms
underlie the imitation of goal and goal-less actions. Second,
in the study by Poliakoff et al. (this issue), participants used
motion of a single hand to judge the weight being lifted (see
also Hamilton et al. 2004). Finally, in a novel paradigm,
McHugh et al. (this issue) asked participants to judge the
emotion of a crowd of bodies. They found that the dynamic
bodily movements of individuals within the crowd were an
efficient cue for perceiving the emotion of the crowd.

Viewing another person’s action can involve the
observer’s own somatosensory areas as well as motor areas
(Gazzola and Keysers 2009). Furthermore, if we view
another person’s body being touched this can activate our
own somatosensory areas (Keysers et al. 2004). Morrison
et al. (this issue) review this intersubjective representation
of touch and pain. While they suggest that this underlies
empathy and the perception of others’ emotions, they pro-
pose that empathy may be secondary to learning about typi-
cal contexts of touch and pain, rather than the other way
round.

Differing bodies

An important facet of body representation is the differences
between people. This encompasses changes in representa-
tion of the body in patient populations, as well as individual
differences in the general population. For example, Burrack
and Brugger (2005) have shown individual differences in
the experience of illusory arm extension in response to ten-
don vibration of the arm. In the current issue, Cadieux et al.
investigated whether there were gender differences in the

detrimental effect of crossing one’s hands on tactile tempo-
ral order judgments. The crossed hands effect has been
attributed to the use of a visual frame of reference, since the
congenital blind do not show this effect (Roder et al. 2004).
Cadieux et al. found that females were more impaired by
crossing their hands. Females also showed a stronger effect
of a visual frame when judging the verticality of a line (rel-
ative to gravity), suggesting that a stronger reliance on the
visual frame of reference may underlie the crossed hands
effect. This study highlights the importance of considering
individual differences in future studies of body perception
and misperception, not captured by averaging data. The
subjectivist approach of Calvo-Merino et al. (this issue)
provides another strategy for building individual differ-
ences into research.

A key feature of the representation of our body is that
even after development in infancy (Bremner et al. 2008), it
is flexible enough to accommodate changes in size and
experience over our lives (Newport et al. this issue). For
example, increased finger representation in S1 has been
observed in musicians with extensive experience with
stringed instruments (Elbert et al. 1995) and reduced S1
activation has been observed after people undergo immobi-
lisation through wearing a cast on their arm (Lissek et al.
2009).

Four studies in this issue consider how representation of
the body is affected by, or implicated in, several psycholog-
ical, neurological and physical conditions. Insights gained
from the general research on the body can provide frame-
works and paradigms to elucidate these pathological
changes and suggest possible treatments, while the knowl-
edge gained from these conditions can in turn enhance our
general understanding of the body.

Anosognosia for hemiplegia is a lack of awareness of
paralysis that may follow a stroke. Jenkinson and Fotopou-
lou (this issue) use a motor control framework to under-
stand this condition, reviewing evidence that such patients
have intact motor intentions. Thus, their deficit may lie in
detecting discrepancies between predicted and perceived
sensory feedback associated with actions. This suggests
that some degree of discrepancy is tolerated by the healthy
system and that this is increased in patients with anosogno-
sia. This framework may help inspire rehabilitation strate-
gies, such as using video to allow patients to view their
paralysed limb from a third person perspective.

Hilti and Brugger (this issue) review two disorders of
body integrity that can be seen as opposites. First, phantom
limbs in people born without a limb, a phenomenon which
is important to the debate on the innateness of a body repre-
sentation, since they cannot be due to memory of an intact
limb. They point out, however, that innate does not mean
genetically hard-wired because such individuals may
have early experiences in utero (see also, Price 2006). The

@ Springer



292

Exp Brain Res (2010) 204:289-293

opposite pattern can be seen in people with a puzzling
strong desire to have a healthy limb amputated, which they
feel does not belong to them (“body integrity identity disor-
der”). Hilti and Brugger present evidence that there is
altered multisensory integration for the affected limb in this
population (Blanke et al. 2009), manifesting as a lack of
‘animation’.

People with motor disorder Parkinson’s disease typically
have difficulty in initiating movements and producing
movements of sufficient amplitude. Poliakoff et al. (this
issue) showed that despite changes in their own motor sys-
tems, people with Parkinson’s disease were able to judge
the weight of objects lifted by another person. This sug-
gests that either the patients were still able to simulate this
relatively simple movement or they were able to use a
visual compensatory strategy. Cueing can be an effective
therapeutic strategy for initiating movement in people with
Parkinson’s (Rubenstein et al. 2002) and observation of
actions could be a useful therapeutic cue.

Finally, Bultitude and Rafal (this issue) present a case
study of a patient with complex regional pain syndrome fol-
lowing recovery from a fracture of her right hand. This
patient reported changes in bodily experience prior to the
onset of her painful symptoms, suggesting that altered body
representation might lead to pain rather than vice versa.
Their observations of two types of treatment that alter sen-
sory motor feedback (mirror box and prism adaptation)
were promising, producing improvements in her pain and
range of movements within a few days.

Examining sensorimotor and multisensory bodily pro-
cesses in several patient groups has been a fruitful way of
understanding more about the disorder and about the repre-
sentation of the healthy body. This is also an important line
of work for other conditions such as eating disorders
(Mussap and Salton 2006), autism (Wild et al. this issue),
out of body experiences (Blanke et al. 2004) and medically
unexplained symptoms, that is physical symptoms with no
organic cause (Brown et al. 2007). However, there are more
complex aspects of such disorders that cannot be explained
by sensorimotor and multisensory impairments (Jenkinson
and Fotopoulou, this issue; Hilti and Brugger, this issue).

Concluding remarks

Overall, the papers in this special issue reflect the diversity
of information represented about our bodies (and those of
other people), from more basic sensory and motor pro-
cesses, to higher level processes such as ownership, per-
ceiving emotions, aesthetic appreciation, imitation and
social interaction. There are still many challenges for this
area of research, in particular, in establishing agreement
about common concepts and terminology. There are also
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many unanswered questions and areas just beginning to
receive widespread attention by researchers, such as intero-
ception, the perception of the inside of the body (Berlucchi
and Aglioti 2010).
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