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Most amputees experience phantom limbs, or the sensation that their amputated limb
is still attached to the body. Phantom limbs can be perceived in the location previously
occupied by the intact limb, or they can gradually retract inside the stump, a phenomenon
referred to as “telescoping”. Telescoping is relevant from a clinical point of view, as it tends
to be related to increased levels of phantom pain. In the current study we demonstrate
how a full-body illusion can be used to temporarily revoke telescoping sensations in upper
limb amputees. During this illusion participants view the body of a mannequin from a ﬁrst
person perspective while being subjected to synchronized visuo-tactile stimulation through
stroking, which makes them experience the mannequin’s body as their own. In Experiment
1 we used an intact mannequin, and showed that amputees can experience ownership of
an intact body as well as referral of touch from both hands of the mannequin. In Experiment 2 and 3 we used an amputated mannequin, and demonstrated that depending on
the spatial location of the strokes applied to the mannequin, participants experienced their
phantom hand to either remain telescoped, or to actually be located below the stump. The
effects were supported by subjective data from questionnaires, as well as verbal reports
of the perceived location of the phantom hand in a visual judgment task. These ﬁndings are
of particular interest, as they show that the temporary revoking of telescoping sensations
does not necessarily have to involve the visualization of an intact hand or illusory movement of the phantom (as in the rubber hand illusion or mirror visual feedback therapy), but
that it can also be obtained through mere referral of touch from the stump to the spatial
location corresponding to that previously occupied by the intact hand. Moreover, our study
also provides preliminary evidence for the fact that these manipulations can have an effect
on phantom pain sensations.
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INTRODUCTION
Up to 98% of amputees experience phantom limb sensations
(Ramachandran and Hirstein, 1998). That is, subsequent to amputations most patients continue to have the sensation that their
amputated limb is still attached to the body.
Initially, phantom limbs are mostly perceived to be continuous with the stump, and hence in the same spatial location the
intact limb used to be in. Over time however, phantom limbs often
retract inside the stump, a phenomenon referred to as “telescoping” (Giummarra et al., 2007). In that case, the proximal portion of
the phantom is perceived to be missing or have shrunken, so that
the more distal portion of the phantom is perceived as information ﬂoating near or actually being inside the stump (Flor et al.,
2006). It has been proposed that telescoping occurs because the
proximal portions of limbs are less extensively represented in the
cortex relative to the distal portions. This proposal is supported by
the fact that lower limbs tend to telescope more rapidly than upper
limbs (which are more diffusely represented throughout the cortex
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given their integral role in ﬁne motor tasks; Ramachandran and
Hirstein, 1998). The onset and temporal dynamics of telescoping
vary greatly across amputees. Typically, telescoping begins within
the ﬁrst weeks following the amputation and progresses gradually
over a number of years. However, some patients also describe a
sudden occurrence of the phenomenon, with their phantoms literally telescoping overnight (Carlen et al., 1978; Giummarra et al.,
2007).
From a clinical perspective, telescoping is of interest as it tends
to be related to increased levels of phantom pain (Flor et al.,
2006). As telescoping, phantom pain typically emerges immediately, but may also emerge only after months or even years post
amputation (Ramachandran and Hirstein, 1998). It can manifest in different ways, including burning, cramping, or tingling
sensations (Kooijman et al., 2000). The exact nature of the relationship between telescoping and phantom pain is not yet well
understood. It has been put forward that a main factor underlying their co-occurrence could be a mismatch between the sensory
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feedback from the phantom and the cortical regions representing
the limb (Flor et al., 2006). That is, while the perception of an
extended phantom continues to provide sensory feedback to the
brain areas that previously represented the amputated limb, telescoped phantoms activate brain areas remote from the original
limb representation. It is this latter cortical re-organization that
is hypothesized to underlie the development of increased levels of
phantom pain.
In a recent study conducted in our lab (Schmalzl and Ehrsson,
2011), we have demonstrated how the sensation of a telescoped
limb can also be induced in healthy individuals in the context of a
virtual reality setup involving head-mounted displays (HMDs)
connected to video cameras. Speciﬁcally, we used a so-called
“full-body illusion” (Petkova and Ehrsson, 2008), an experimental
manipulation that causes participants to experience an artiﬁcial
body as their own. For the induction of this illusion, participants see the body of a mannequin from a ﬁrst person perspective
while being subjected to synchronized visuo-tactile stimulation
through stroking (as depicted in Figure 2). Crucially, in our experiments, the mannequin was missing one hand so as to resemble an
amputee. By manipulating the positioning of the strokes applied
to the mannequin’s stump with respect to the participants’ hand
we were then able to clearly manipulate the perceived location of
the hand: (a) simultaneous stroking of the participants’ hand and
the empty space below the mannequin’s stump evoked the sensation of the hand being located below the stump; (b) simultaneous
stroking of the participants’ hand and the end of the mannequin’s
stump evoked the sensation of the hand being located “inside” the
stump, and hence telescoped.
Given these intriguing ﬁndings, we embarked on further investigations that are described in the current paper. Namely, we set out
to investigate whether the experimental setup used in our study
with healthy participants could also be used to manipulate the
perceived position of phantom limbs in amputees, with a possible
consequence of altering phantom pain sensations. Our rationale
for postulating the feasibility of these investigations was motivated
by a number of ﬁndings from previous literature. Firstly, with
regard to the nature of the experimental procedures, it has been
shown that upper limb amputees can be induced to experience
an artiﬁcial hand as their own through synchronous visuo-tactile
stimulation. Speciﬁcally, Ehrsson et al. (2008) demonstrated that
following simultaneous stroking of the amputees’ stump and an
artiﬁcial rubber hand, some patients reported strong referred sensations of touch from, as well as ownership of, the artiﬁcial hand.
Secondly, with regard to the manipulation of phantom pain sensations, it has been shown that visual illusions can be effective.
Speciﬁcally, it has been demonstrated that mirror visual feedback
(MVF) can be used to alleviate phantom pain (Ramachandran
et al., 1995, 2009; Chan et al., 2007). In short, during the MVF
amputees view the reﬂection of their intact hand in a mirror so
that it is optically projected onto the location of their missing hand.
Consequently, movements performed with the intact hand create
simultaneous illusory movements of the now “visible” phantom
hand, and such illusory sensations have been found to signiﬁcantly
reduce phantom pain in some patients.
So, based on the ﬁndings that amputees can experience sensations of touch that they observe on an artiﬁcial hand, and that
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visual illusions can reduce phantom pain, we hypothesized that
the full-body illusion could also be used to induce ownership
sensations of an artiﬁcial body in amputees, with the possible consequence of altering phantom sensations. With respect to these
previous investigations however, the use of the full-body would be
novel in a number of ways. Firstly, if reproducible with amputees,
the procedures described in Schmalzl and Ehrsson (2011) would
allow one to directly manipulate the degree of telescoping of phantom limbs, and have amputees experience touch on their phantom
while it is perceived to be located either inside or outside the stump
according to the experimental manipulations. While the actualization of this manipulation would be a novelty in its own right, it
would also enable one to disentangle potential effects on phantom
pain sensations driven by perception of touch on the phantom
as such, from those driven by the perceived displacement of the
phantom. Secondly, both the rubber hand illusion and the MVF
involve visualization of the phantom. That is, in both techniques
amputees are induced to experience their phantom in its original
location with the aid of a visible hand, either an artiﬁcial hand or
the mirror image of the individuals’ intact hand. In contrast, the
full-body illusion with the use of an amputated mannequin would
enable the investigation of whether the same effect can be obtained
without visualization of an intact hand, but merely through evoking referred touch from a location in space corresponding to the
original position of the intact hand. Thirdly, the effects of the MVF
on phantom pain have always been explained by emphasizing the
crucial importance of the perceived movement of the phantom.
We envisaged that our setup would lend itself very well to the
examination of the effects of perceived touch on the phantom as
opposed to movement of the phantom. And while referred touch
as such has already been demonstrated by Ehrsson et al. (2008),
their study did not include any documentation of whether this
procedure had any effect on phantom pain.
Hence, with this context in mind, in the current study we set
out to address the following questions: 1. Can amputees experience
ownership of a whole intact body in the context of the full-body
illusion, including referral of touch from, and ownership of, the
artiﬁcial hand on the amputated side? 2. Can the full-body illusion with an amputated mannequin be used to manipulate the
perceived position of phantom limbs, and more speciﬁcally to
temporarily revoke telescoping sensations without involving any
visualization of the phantom? 3. Do any of these experimental
procedures have an effect on phantom pain sensations?

MATERIALS AND METHODS
PARTICIPANTS

Ten upper limb amputees were initially recruited through the Arm
Prosthesis Unit of Red Cross Hospital, Stockholm, Sweden. All
patients had been in contact with the clinic prior to our study, and
speciﬁcally selected according to the location of their amputation,
i.e., below the elbow. Two of them had to be excluded from the
study – one because he did not experience any phantom sensations (see exclusion criteria below), and the other because he did
not feel well on the day of testing and was therefore not able to
complete the experiments. Hence, our ﬁnal group of participants
consisted of eight amputees (Age: 23–65, Mean = 50; Gender: 7
male, 1 female). All of them had lost their limb due to a traumatic
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