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INTRODUCTION

Painful conditions such as complex regional pain syndrome, phantom limb pain and low back pain
may change the sense of body image, so that body parts are perceived as large, swollen, heavy, or
stuck in one position [1]. In 1995, Ramachandran et al. [2] reported that phantom limb pain could be
relieved by creating a visual illusion whereby the amputated limb appeared to be wholly intact by
reflecting a non-painful intact limb in a mirror (i.e. using mirror visual feedback). Randomized, sham-
controlled clinical trials of mirror visual feedback have confirmed the potential utility of the
technique. For example, Chan et al. [3] assighed 22 patients with phantom limb pain to a four week
course of one of the following interventions: viewing a reflected image of their intact foot in a
mirror; viewing a covered mirror; or mental visualization. All patients receiving mirror visual
feedback reported a decrease in pain (n=6) compared with only one patient in the covered-mirror
group and two in the mental-visualization group. Three patients reported worsening pain in the
covered-mirror group and four patients reported worsening pain in the mental-visualization group.
Nowadays, mirror visual feedback, often termed mirror box therapy, has been incorporated within
therapeutic programs to treat painful conditions associated with alterations of body image resulting
from neuropathy [4] complex regional pain syndrome [5], fibromyalgia [6] and non-specific

mechanical back pain [7].

DISTORTING THE SIZE OF PAINFUL BODY PARTS MODULATES PAIN

In clinical practice mirror visual feedback techniques tend to use reflections of normal sized limbs.
This approach is beneficial for some but not all individuals and effects tend to be short-lived [8].
Recently, mirrors, lenses, binoculars and virtual reality have been used to distort the size of painful
body parts in conditions with body image disturbances. Ramachandran et al. [6] described a single
case where a mirror was used to 'resurrect' a painful phantom hand and a lens added to produce the
illusion that the phantom hand had ‘shrunk’. This alleviated pain and the sense of swelling in the
hand [6]. Moseley et al. [9] studied ten individuals with chronic painful and dysfunctional arms and
found that magnifying their affected arm through binoculars increased movement-induced pain and
swelling, whereas minifying reduced movement-induced pain and swelling. Diers et al. [10]
investigated the effect of video feedback on chronic back pain in 18 individuals. The investigators
magnified and minified views of the back whilst an investigator performed pressure algometry of
myofascial trigger points on the back. They found that visual feedback of the back reduced stimulus-
evoked pain but there were no statistical differences between normal and distorted views of the
back. This approach is interesting because individuals rarely get sight of their own back in normal

daily activities so visual feedback in this instance involved the unusual situation of observing one’s



own back from a third person perspective. Preston and Newport [11] used real-time video capture
techniques to distort the appearance of osteoarthritic hands in 20 individuals and found that illusory
manipulation was beneficial in 85% of participants. Interestingly, shrinking the appearance of the
hand reduced pain in some individuals whereas stretching the appearance of the hand reduced pain
in others, suggesting that manipulation of size in one particular direction did not produce consistent
pain reduction between individuals. Thus, clinical evidence suggests that visual distortion modulates

pain but the direction of affect is variable.

Studies exposing pain-free healthy human participants to experimentally-induced pain have found
that reducing the size of hands increased experimental pain report [12, 13]. Mancini et al. [12]
exposed 18 individuals to experimentally-induced contact heat pain of the dorsum of the hand using
a Peltier-type thermode and found that reducing the size of a mirror-reflected hand increased pain
and enlarging the mirror-reflected hand reduced pain. Likewise, Romano and Maravita [13] exposed
38 individuals to blunt pressure pain to the middle finger and found that using a lens to reduce the
size of the hand increased experimental pain and enlarging the hand reduced pain. At face value
these findings appear to be counterintuitive. The investigators have suggested that magnifying the
body part increased anticipatory reactions associated with expectancies about the intensity of the
experimentally-induced noxious stimuli and that this prepares individuals for exposure to the
noxious event [12, 13]. However, a study from our laboratory failed to detect differences in cold-
pressor pain by reducing and enlarging the appearance of the size of a hand using mirror visual
feedback in 20 healthy human participants [14]. Furthermore, Osumi et al. [15] found that on
healthy participants with low thresholds to experimental pain reported unpleasant emotions
towards a magnified hand and that two-point discrimination threshold decreased when the hand
was magnified in participants with higher pain threshold. They suggested that visual feedback of
magnified body parts only occurs in the presence of vivid tactile perception and without severe

unpleasant emotions toward the magnified image.

IS EMBODIMENT OF A VIRTUAL BODY PART THE CRITICAL FACTOR?

Experimentally-induced pain techniques described above do not produce appreciable pathology,
sensitisation or cortical re-organisation. Pain that is driven by pathological processes such as tissue
damage, peripheral and central sensitisation and reorganisation of central nervous system neural
networks often leads to the perception of enlarged body parts. Thus, it seems logical that reducing
the appearance of the size of a body part decreases the perceptual experience of pain and size of

the limb because of the dominance of visual over somatosensory input in determining ownership



and position of body parts. McCabe [16] suggested that mirror visual feedback and associated
techniques may relieve pain by creating a sense of ownership of the “virtual hand” over the painful
hand. The subjective experience of having a sense of one’s own body, including a sense of ownership
of body parts, is termed embodiment. Research into the relationship between embodiment and pain
is in its infancy but may provide useful insights into potential therapeutic approaches. Embodiment
has been investigated using the rubber hand illusion whereby an individual observes a rubber hand
being stroked with a brush (in view) whilst their real hand is stroked in synchrony but out of view.
Eventually, usually within a few minutes, the sensation of stroking feels as if it arises from the rubber
hand and the individual experiences a sense that the rubber hand is part of their body (i.e.
embodiment of the rubber hand into the body schema). The “loss of the real hand” is one of the
stages of embodiment of the rubber hand [17] and it is accompanied by physiological responses such
as local skin cooling and histamine reactivity, proprioceptive drift and alterations of neural activity in
the brain [18]. Interestingly, threatening an embodied rubber hand with noxious stimuli generates
subjective anxiety and skin conductance responses that are similar in magnitude to that experienced
when a real hand was threatened [19]. The strength of desire to withdraw the rubber hand from the
threat is positively correlated with the intensity of embodiment. Threatening an embodied rubber

hand may produce somatic sensations such as ‘tingling’ in some individuals.

To date, studies using visual feedback techniques have paid little attention to whether individuals
have embodied the virtual limb. Recently, Medina et al. [20] found a positive correlation between
perceptual embodiment of a body part reflected in a mirror and the strength of mirror illusion. So far
there have been no studies examining the relationship between embodiment and the strength of
the mirror distorted image of the body part. However, it seems worthwhile introducing techniques
to enhance embodiment of reflected limbs when using mirror box therapy in clinical practice, such

as clenching fingers of non-painful and painful hands in synchrony, whilst observing the reflection.

CONCLUSION

Research into the effect of visually distorting painful body parts is in its infancy yet initial findings
suggest that such techniques may have therapeutic value. The size of a painful body part can easily
be manipulated in a clinical setting using convex and concave mirrors, lenses and binoculars. It is
likely that the ability of an individual to embody the ‘virtual’ body part into their body schema will
influence outcome. Moreover, there are other aspects of the visual appearance of painful body parts
that can be manipulated such as dimensions, colour and texture. Virtual reality environments may

prove valuable to achieve such manipulations. Virtual reality is also a powerful tool to facilitate



embodiment of body parts. At present, virtual reality techniques are limited to research settings
because of the need for specialised equipment and software. However, virtual reality can now be
delivered through mobile phones and specially adapted glasses frames such as Google Cardboard. It
seems a logical next step to us to develop software that can manipulate the appearance of painful
body parts and uploaded onto a patient’s mobile telephone so that they can self-administer visual
feedback therapy. It is important that research into the clinical efficacy and utility of these

potentially useful visual feedback techniques is undertaken.
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