Introduction:

There have been many discussions about the relationship between pain and consciousness.

Can humans be unaware of their pains? Can only animals that are fully conscious be said to be in pain? These questions, among others, are still a matter of controversies. Surprisingly, however, most of them left untouched the issue of self-consciousness, although there is a sense in which it seems to be intimately connected with pain. One might report, for instance, how one feels extremely self-aware when one is in deep pain, as if the rest of the world ceased to exist. One of the main features of pain is indeed that it can grab our attention far more than any other bodily experiences. One may then say that by attracting attention to the body, pain enhances our sense of the bodily self, which otherwise remains recessive and elusive. However, there are many difficulties that one faces if one wants to account for the relationship between pain and self-consciousness. For one thing, the notion of selfconsciousness is a ragbag of various concepts of the self, from the embodied sensorimotor self to the disembodied mental and narrative self. Here, I shall exclusively focus on the former. In particular, I will investigate how the awareness of one's body as one's own (hereafter, sense of bodily ownership) is related to pain. There is indeed an intuitive sense in which one feels pain only in parts of the body that one feels as one's own. Pain can be experienced in phantom limbs, but it is still in phantom limbs that are experienced as parts of one's own body. The challenge then is to understand the nature of the relationship between pain and the sense of bodily ownership. It can be conceived at least from the following two angles. To what extent does pain require self-consciousness, and more specifically the sense of bodily ownership? Conversely, to what extent does self-consciousness, and more specifically the sense of bodily ownership, require pain? Offering the beginning of an answer to this last question shall be my main objective in this chapter.

How am I aware that this specific body is my own? One strategy to answer this question consists in rephrasing it in spatial terms. The question then is how I am aware of the spatial boundaries of my body. Many factors can come into play. One may, for instance, reply that it is through bodily sensations, where I can feel them and where I cannot feel them, that I draw the boundaries of my body. On this view, the body that I feel as mine is the body that I feel from the inside. More recently, it has been suggested that vision, the sense of space par excellence, plays a crucial role and that multisensory correspondence allows distinguishing self from non-self. On this view, the body that I feel as mine is the body common to various sources of sensory information. Another proposal puts emphasis on efferent rather than afferent information. On this view, the body that I feel as mine is the body that I can directly control. In this manifold of factors, how does pain contribute to the sense of bodily ownership? Does it play any specific role or is it just one type of bodily sensation among others?

An apparent paradox

When in pain, I experience disorder as located within a boundary of whose exterior I can have no similar awareness; I am aware that a part of my body -not just of that body -is disordered. (Bain, 2003, p. 523) Seeing injuries and feeling pain have a different phenomenology. It is not only that the latter is more unpleasant than the former. It is also that they seem to have a different relationship to the sense of bodily ownership. When I see a blow on a face, I can remain unaware that this is actually my face that I see injured in the mirror. By contrast, when I feel the blow, I cannot help but feel that this is my own face that hurts. Consequently, it has been suggested that one cannot conceive feeling pain in a part of the body that feels as alien [START_REF] Bain | Intentionalism and pain[END_REF][START_REF] Dokic | The sense of ownership: An analogy between sensation and action[END_REF][START_REF] Martin | Bodily awareness: a sense of ownership[END_REF]. Or so it seems.

The limits of the philosophers' imagination do not always match what can actually be found in the neurological literature. We know that some patients do not feel parts of their body as belonging to them and feel them as alien. This is the case in somatoparaphrenia after parietal lesions and in xenomelia (also known as Body Integrity Identity Disorder). Patients then deny ownership of parts of their body to such an extent that they can attribute their so-called 'alien' limb to another individual or that they ask to be amputated of it. Yet some -but not allpatients with somatoparaphrenia and all patients with xenomelia are able to feel pain [START_REF] Maravita | Spatial disorders[END_REF][START_REF] Melzack | Phantom limbs and the concept of a neuromatrix[END_REF]. Hence, pain and the sense of bodily ownership can come apart. More precisely, one can be in pain in a body part that one does not feel as one's own. It is not because I feel pain in a specific part of the body that I will experience this body part as mine. To feel pain is not sufficient for the sense of bodily ownership.

The question I asked in the introduction, however, was not whether pain could be sufficient, but whether it was necessary for the sense of bodily ownership. In order to answer this question, one needs to analyse the consequences of pain deprivation. What happens when one has never been in pain? This has been tested in animals. For instance, some terrier dogs were raised in isolation preserved from pain. It was then found that they required more intense electric shocks to learn avoidance responses and spent more time near the experimenter after he burnt their noses with a flame [START_REF] Melzack | The effects of early experience on the response to pain[END_REF]. Another pain deprivation study was done with infant monkeys that were raised preserved from all threats, in the absence of potentially damaging objects and of elders who could slap or bite them. Still they could hear, see and touch themselves. When released, these monkeys viciously bit their own limbs and torn their flesh [START_REF] Lichstein | Reactions by differentially raised rhesus monkeys to noxious stimulation[END_REF]. It thus seems that if one has not been hurt before, pain partly loses its unpleasantness, or at least its motivational force. Since these animals were also in social deprivation, one might say that they could not learn from others what were bad for them or how to react to it.

However, the social explanation does not suffice to explain why they also engaged in acts of self-destruction. Interestingly, self-inflicted injuries can also be found in patients with congenital pain insensitivity. These patients are characterized by dramatic impairment of pain sensation since birth, caused by a hereditary neuropathy or channelopathy. They show a complete lack of discomfort, grimacing, or withdrawal reaction to prolonged pinpricks, strong pressure, soft tissue pinching, and noxious thermal stimuli. Like the animals raised in isolation, they can sometimes have endogenous pain (stomach ache, for instance) but no exogenous pain. Like them also, they often engage in self-mutilation, including burns and self-amputations of fingertips and tongues.

Not to avoid pain is one thing, but to voluntarily injure oneself is another thing. The former can be explained by abnormality of nociceptive processing. But the latter requires further explanation. The hypothesis that I want to suggest is that self-injuries after pain deprivation are caused by the failure to recognize that this body that one injures is to be protected because it is one's own body. On this view, past pain experiences contribute to the development of the representation of the boundaries of one's own body and in their absence, one loses track of what belongs to oneself and what does not. In other words, when patients bite their fingertips, they are not aware that they are biting their own fingertip. Failing to feel one's limb as one's own leads to a failure to protect it from harm. Self-injuries can then be partially understood in two complementary ways. On the one hand, since the patient is no longer aware of the boundaries of her body, she is not voluntarily injuring herself, but rather she is injuring a body, which happens to be her own. On the other hand, injuring this specific body may be a way to test whether it is her own or not. Feeling something can then strengthen a fading sense of ownership whereas feeling nothing can confirm that this body has nothing to do with her.

Unfortunately, no experimental study on body representations and the sense of bodily ownership has been done yet in congenital pain insensitivity. However, patients have described that their body feels like an external object, a kind of tool. For instance, an eighteen-year-old boy with congenital insensitivity to pain reported: "A body is like a car, it can be dented but it pops out again and can be fixed like a car. Someone can get in and use it but the body isn't you, you just inhabit it" [START_REF] Gale | The Proprioceptive Body Image in Self-Object Differentiation-A Case of Congenital Indifference to Pain and Head-Banging[END_REF]. Patients have also frequently a rhythmic motor activity before falling asleep, which can be conceived as a kind of kinaesthetic stimulation to reinforce their fading sense of bodily self [START_REF] Danziger | Congenital insensitivity to pain[END_REF]. In addition, it has been shown that patients with disownership syndrome also display aggressive behaviour towards the limb they feel as alien.

For instance, many patients with somatoparaphrenia and xenomelia regularly hit their 'alien' limb, scorched it, pointed objects such as needles at it, and burned it with a cigarette [START_REF] Dieguez | Asomatognosia: disorders of the bodily self[END_REF].

Without always going as far as self-inflicted injuries, they display misoplegia, trying quite often to get rid of their 'alien' limb by pulling their leg out of their bed, giving it to the doctor, putting it in the garbage, and so forth. Their subjective reports are confirmed by their attitude when their 'alien' limb is threatened [START_REF] Romano | Arousal responses to noxious stimuli in somatoparaphrenia and anosognosia: clues to body awareness[END_REF][START_REF] Romano | Body ownership: When feeling and knowing diverge[END_REF]. For instance, patients with somatoparaphrenia saw either a Q-tip or a syringe approaching either their right hand, which they felt as their own, or their left hand, which they felt as alien. Their skin conductance response (SCR) was measured. When the syringe approached the right hand, the SCR increased, as expected. But when the syringe approached the left 'alien' hand, there was no modification of the SCR. This lack of effect could not be explained by the inability of anticipating the pain because of anaesthesia or neglect. When another population of right hemisphere lesions patients, with anaesthesia and neglect but without disownership, was tested, they reacted normally when their left hand was threatened. The relationship between self-injury and the disruption of the sense of bodily ownership can also be shown in depersonalisation disorder. Patients with depersonalisation feel detached from their body. In particular, they react to pain as if they were not concerned. A patient with depersonalisation reports: "it is as if I don't care, as if it was somebody else's pain" [START_REF] Sierra | Depersonalization: A New Look at a Neglected Syndrome[END_REF]. They also report a sense of disownership of their own body.

Another patient reports: "I can sit looking at my foot or my hand and not feel like they are mine" [START_REF] Sierra | Depersonalization: A New Look at a Neglected Syndrome[END_REF]. Consequently, they often feel the urge to touch their body, to pour hot water on it or even to hurt it to reassure themselves of its existence [START_REF] Klonsky | Self-injury: a research review for the practitioner[END_REF][START_REF] Simeon | Depersonalization disorder and self-injurious behavior[END_REF].

To recap, we seem to face an apparent paradox. On the one hand, contrary to what one might have expected, one can feel pain in parts of the body that do not feel as one's own. It may then seem that pain plays a minimal role for the sense of bodily ownership. On the other hand, if one is raised deprived of exogenous pain, then one loses track of the boundaries of one's own body. It may then seem that pain plays a crucial role for the sense of bodily ownership. In the next section, I will analyse what pain can and cannot offer to bodily selfawareness.

Giving significance to bodily boundaries

We have seen that pain deprivation can suffice to alter the representation of one's own bodily boundaries. This is especially puzzling insofar as both the monkeys raised in isolation and the patients with congenital pain insensitivity can experience other types of bodily sensations. For example, monkeys were not deprived of tactile experiences and patients with congenital pain insensitivity often show no abnormality in tactile processing. Yet it seems that touch, and even self-touch, cannot suffice to compensate for pain deprivation in the drawing of one's own bodily boundaries. That seems to indicate that pain does not play the same role as touch for the development of the sense of bodily ownership. We shall now see what the difference may be.

The sense of bodily ownership requires drawing the distinction between what is inside and

what is outside of bodily boundaries. This can be given by tactile experiences, for instance, because they have both an exteroceptive component (a pen, for instance) and an interoceptive component (the hand that holds the pen). Through touch, one is aware of external objects in contact with one's body. One can thus contrast what is inside from what is outside and become aware of the boundaries of the body [START_REF] Martin | Bodily awareness: a sense of ownership[END_REF]. Pain, however, differs from touch. It has only an interoceptive component (the hand in pain, for instance). Even when our painful experience is caused by an external painful stimulus, it represents the body part in pain, and not the stimulus that caused the pain. Many factors can intervene to modulate the pain, including factors that concern the stimulus and the environment. Still the content of our experience is filled in by the body. As defined by the IASP, pain can be described in terms of bodily damage. It is not described in terms of whatever external caused the damage.

Consequently, pain by itself cannot suffice to draw the boundaries of the body. It is too embodied, so to speak. It leaves no space for what is beyond the body. There is only an inside. This explains why one can simultaneous feel pain and not feel ownership in a body part. The consequence of this conception is that if the representation of bodily boundaries is already destroyed or altered for one reason or another, like in somatoparaphrenia and in xenomelia, then there is little that pain could do to re-establish it.

Why is pain then so important and why does its deprivation lead to such devastating consequences? I will now argue that the awareness of bodily boundaries, given by tactile experiences, does not suffice for the sense of bodily ownership, or more precisely for the firstpersonal content of the sense of ownership. One can draw a parallel here with nationalism. To be aware of the boundaries of a country does not necessarily entail that you feel that this is your own country. You know that this is where you can vote and that beyond the boundaries you cannot, but this is different from patriotic feelings. How can you then appropriate the country in which you live and vote as your own? A classic conception in social psychology is that the awareness of external threats reinforces the feeling of national identity. One does not feel especially patriotic when one is merely aware of the boundaries of one's country; one feels patriotic when these boundaries are in danger. I propose here that something similar applies to the sense of bodily ownership.

The awareness of the boundaries of the body is not self-referential. It is simply spatial with no reference to the subject. How can one then inject some first-personal character into the spatial awareness of the body? How can bodily awareness become bodily self-awareness?

Pain does not draw bodily boundaries. Rather, pain gives a valence to these boundaries. It indicates that these boundaries are the ones to care about and to protect if one wants to survive. It vividly highlights for the subject that what is inside bodily boundaries matters for the self, for its needs, its comfort, and its preservation. Pain teaches that it is important to keep track of the boundaries and to be able to act quickly. Without pain, without even pain expectation, bodily boundaries are just spatial boundaries. Hence, it is not simply in virtue of the awareness of the boundaries of one's body that one is aware of one's body as one's own. It is in virtue of the awareness of the boundaries as having a major import for the self that one is aware of one's body as of one's own. This is possibly the reason why pain can play such a crucial role for the sense of bodily ownership. This does not mean that it is only when the body is in danger that we feel our body as our own. I defend a weaker conception, according to which it suffices that it has been in danger at some point to set up a specific valence to the boundaries of the body. All I am proposing is that there is a stage in development in which it is important, possibly even necessary, to experience exogenous pain in order to give affective and motor significance to the boundaries of the body, a significance which is at the origin of the sense of bodily ownership. In short, past experiences that the boundaries of the body can be at risk make these boundaries the boundaries of the body that we experience as our own now.

Denying the boundaries of one's body

I have argued that pain contributes in establishing a meaning to the boundaries of the body, a meaning that is essential to feel those boundaries as boundaries of one's own body. I will now consider one possible objection against this view on the basis of the analysis of complex regional pain syndrome (CRPS). In this syndrome, indeed, it seems that pain can induce a sense of dis-ownership. I will then explain how this is compatible with our leading hypothesis.

Complex regional pain syndrome is a chronic pain condition, which often happens after an injury like a broken arm, and which causes intense burning pain, associated a decreased ability to move the affected body part with swelling and stiffness in affected joints. It has been described as a kind of motor neglect because patients need to focus specifically on the limb in order to move it and experience a sense of disconnection from the affected limb [START_REF] Förderreuther | Impaired self-perception of the hand in complex regional pain syndrome (CRPS)[END_REF]: "It was just like this foreign body you were carrying around with you cause it didn't feel like it was part of you" [START_REF] Lewis | Body perception disturbance: a contribution to pain in complex regional pain syndrome (CRPS)[END_REF]. In addition to CRPS, it has been reported that when individuals are in extreme pain, like burn patients and war prisoners, they no longer refer to the body part in pain by using the first-person pronoun and they disconnect themselves from their body [START_REF] Morse | The experience of agonizing pain and signals of disembodiment[END_REF].

For instance, a prisoner reported: "It's like the torture starts and as it gets stronger I just get further away from the body" [START_REF] Ataria | Sense of ownership and sense of agency during trauma[END_REF]. Does CRPS, and other related cases, give us new insight on the relationship between pain and the sense of ownership? Like in somatoparaphrenia, CRPS shows that a sense of disownership can be concomitant to pain and thus, that pain does not suffice to induce a sense of ownership. However, unlike somatoparaphrenia, in which pain is most of the time anecdotal, pain is the primary clinical sign of CRPS. Another possibly interesting feature of CRPS is that it seems to show that pain is not only compatible with disownership, but that it can actually cause it. In line with this hypothesis, it has been shown that pain can disrupt the representation of the body [START_REF] Bank | Motor dysfunction of complex regional pain syndrome is related to impaired central processing of proprioceptive information 2013[END_REF][START_REF] Moseley | Why do people with complex regional pain syndrome take longer to recognize their affected hand?[END_REF][START_REF] Schilder | The image and appearance of the human body[END_REF].

It may thus seem that with or without pain, one can feel one's body as alien. In what sense is pain then so essentially related to the sense of ownership? We need to refine our leading hypothesis. So far I have referred to pain as if it were a homogenous phenomenon. However, this is far from being the case and there are many different types of pain, which may explain the puzzling conclusion that I have just reached. One must first distinguish between what we may call pain expertise based on prior experiences of pain, occurrent pains and chronic pains. One can also distinguish between endogenous (toothache, for instance) and exogenous pains (a cut, for instance). Finally, one can distinguish between painful experiences that are unpleasant but tolerable and those that are excruciating so that one can no longer tolerate them. The relationship to the sense of bodily ownership may then vary depending on the type of pain.

One must also be careful when describing the sense of disownership. It is interesting to note that when asked, patients with CRPS still rated their sense of ownership of the affected hand on average at 5.9 on a scale for to 10, with 10 corresponding to 'It feels like I own it completely' [START_REF] Moseley | Spatially defined modulation of skin temperature and hand ownership of both hands in patients with unilateral complex regional pain syndrome[END_REF]. Interestingly, as far as I know, they display no aggressive behaviour towards their 'alien' limb. Their sense of disownership thus seems to be different from the one displayed by patients with somatoparaphrenia, who have an unshakable confidence that this body part does not belong to them. At the physiological level, there are also differences between these two types of patients. In both types of patients, it was found that the temperature of the affected hand was cooler than of the healthy one, a result that was interpreted in terms of disownership. However, in patients with CRPS, the temperature, as well as their rating of ownership, increased when their affected limb was moved to the other side of their body beyond their body midline (for instance, left hand on the right) [START_REF] Moseley | Spatially defined modulation of skin temperature and hand ownership of both hands in patients with unilateral complex regional pain syndrome[END_REF]. On the contrary, moving their 'alien' hand to their contralateral side changed nothing in somatoparaphrenic patients [START_REF] Moro | Changes in Spatial Position of Hands Modify Tactile Extinction but not Disownership of Contralesional Hand in Two Right Brain-Damaged Patients[END_REF]. The interpretation of CRPS in terms of disownership is thus still controversial. In particular, one should avoid confusing a disruption of the sense of ownership and a low feeling of confidence associated with a preserved sense of ownership.

One can also wonder whether patients with CRPS do not feel their limb as their own or whether they do not desire their limb to be their own: 'It really was very, very hard to do it. When I touched it, in lots of ways it actually reinforced the idea that it wasn't mine at all because it didn't feel like it and I couldn't make it feel like mine and I didn't want to make it feel like mine in a lot of ways because it hurt so much.' [START_REF] Lewis | Body perception disturbance: a contribution to pain in complex regional pain syndrome (CRPS)[END_REF] Disownership can then be conceived as a defence mechanism against intense pains (see for instance [START_REF] Marcel | Anosognosia for plegia: specificity, extension, partiality and disunity of bodily unawareness[END_REF] for a similar view on anosognosia for hemiplegia). Roughly speaking, a little bit of pain may be good to strengthen a fading sense of bodily ownership, but too much pain is bad, and by detaching oneself from one's body, one is hoping to detach oneself from the pains. This coping strategy, however, does not work since the average pain at rest was rated higher in patients with CRPS who reported finding their hand 'foreign' or 'strange' [START_REF] Förderreuther | Impaired self-perception of the hand in complex regional pain syndrome (CRPS)[END_REF]. As said earlier in our description of somatoparaphrenia, one can still feel in a body part that feels as alien. Pain is not sufficient to induce a sense of ownership, but neither is the sense of disownership sufficient to relieve from pain. As [START_REF] Schilder | The image and appearance of the human body[END_REF] claims in his monograph The Image and Appearance of the Human Body, "When the whole body is filled with pain, we try to get rid of the whole body". But does it work? It does not seem so.

Conclusion

To conclude, it is important to distinguish between the mechanisms used to fix the boundaries of the body (i.e. distinguishing is inside and what is outside of the body) and the mechanisms used to give a positive valence to these boundaries (i.e. being aware that these boundaries matter for the self and must be protected). I have argued that both types of mechanisms are necessary for the sense of bodily ownership. I have further argued that pain is just one factor among many for the first type of mechanisms. This explains why feeling pain does not suffice to reintegrate a body part that has been excluded outside bodily boundaries.

However, I have argued that pain, or more precisely pain expertise, plays a crucial role for the second type of mechanisms. This explains why if you have never been in pain, your body is just the body that happens to be your own instead of the body that you feel as your own.
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