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We thank the authors of the commentary entitled, ‘Exploring the role of body ownership, vision and
virtual reality on heat pain threshold’ (Gilpin et al., 2014) focused upon our recent paper,
‘Modulation of pain threshold by virtual body ownership’ (Martini et al., 2014), which raised
interesting issues worth discussing. In our study, we described how the vision of a virtual arm over
which we had induced ownership has analgesic effects, similarly to the reported effect of seeing
one’s real arm (Longo et al., 2009, 2012). In their comments, Gilpin et al. raised questions about
mechanisms behind the analgesia observed inside virtual environments. They considered the role of
virtual environments per se as inductor of analgesia, based upon the fact that distraction while in an
immersive virtual reality can in itself decrease pain during painful medical procedures (e.g., Hoffman
et al., 2011). Hoffman et al., however, used virtual environments to decrease pain based upon
distraction, by creating highly engaging and interactive environments where patients played a game
shooting snowballs while undergoing painful medical procedures concerned with treatment of
burns. Participants had no virtual body and could not see their real body that was obscured by the
head-mounted display. In our experiments, there were no distractions and participants were simply
looking down at their virtual body. Accumulated research in virtual reality provides no reason to
believe that virtual environments are analgesic per se. Indeed, in our study (Martini et al., 2014), we
demonstrate that the pain threshold is significantly higher in the synchronous condition where
ownership of the virtual arm had been induced than in the condition where instead of an arm, there
is a cylinder on the table, even when both conditions occurred in a virtual environment.

Another issue raised by Gilpin et al. is the difficulty of differentiating the role of ‘vision of the arm’
and ‘body ownership’ on the analgesia effect that we found, stating that our study design does not
allow disentanglement of the relative contribution of these two factors. To support this claim, they
argue that in our virtual synchronous condition, as opposed to the control outside virtual reality, the
role of vision could not be dissociated from the effects of merely being inside the virtual
environment. They argue that ‘the virtual synchronous condition led to higher pain thresholds than

viewing a virtual object, yet vision cannot be disentangled from the effects of ownership, as



confirmed by the much lower ratings of ownership in the virtual object condition’. We think, instead,
that our results and experimental design did allow us to disentangle the influence of vision, virtual
reality and body ownership on pain perception. As mentioned above, we demonstrated that there is
no difference in pain threshold between being outside or inside the virtual environment. Further,
the fact that the synchronous and not the asynchronous condition induces a significantly higher pain
threshold than the control conditions demonstrates that simply the vision of the virtual body is not
sufficient to induce changes in pain perception, but ownership of that body is required.

Gilpin et al. mentioned the work by Mohan et al. (2012) to state that the rubber hand illusion (RHI)
has no effect on experimental pain levels in the real limb, as shown by two independent
experiments which the authors say are ‘well-powered’. However, it should be noted that Mohan et
al.’s experiments are based upon 16 (experiment 1) and 20 (experiment 2) subjects, while a similar
work conducted by Hegedus et al. based upon 30 subjects found that the RHI does have an effect on
increasing pain threshold as compared to the asynchronous condition (Hegediis et al., 2014). In our

study (Martini et al., 2014) where we induced the virtual hand illusion (VHI; Slater et al., 2008;

Sanchez-Vives et al., 2010) instead of the RHI, we obtained data from 24 subjects and we also did
not find a significant difference in pain threshold between the synchronous and asynchronous
conditions, which would be indeed in agreement with Mohan et al. Nevertheless, our findings
revealed that with respect to the vision of real or virtual objects, the vision of a virtual body part,
which was felt as owned, did have analgesic effect. This is in line with Longo’s findings that the vision
of one’s own real limb is analgesic, as compared to the vision of an object or also compared to the
vision of somebody else’s limb (Longo et al., 2009). So the critical aspect appears to be not simply

seeing a body part, but that there needs to be an illusion of ownership over that body part.

Given the well-known modulatory effect that attention has on pain, we cannot rule out that the
virtual synchronous condition could have been more distracting than the other conditions by

activating multisensory networks, as suggested by Gilpin et al. However, although the synchronous



and the asynchronous conditions showed very similar levels of attention, only the synchronous
condition resulted in a significant increase of pain threshold compared to control conditions in our
experiment. Furthermore, it has been recently argued that the body-related visual analgesia would

not merely rely upon distraction but rather on a complex reorganization of the receptive

fields of the neurons within the primary somatosensory cortex (Haggard et al., 2013).
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