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Abstract
The development of chronic pain after amputations is not an uncommon event. In some cases the most disabling problem is represented by the symptom called dynamic mechanical allodynia, characterized by the painful sensation evoked by gently stroking the skin. Despite the growing interest in understanding pain mechanisms, little is known about the mechanism sustaining this peculiar type of pain. We present here the case of a 53-years-old female patient who complained of severe tactile allodynia in the hand after amputation of her left second finger, resistant to sever al medical and surgical treatments. In order to gain information about the pain mechanism, two neurodiagnostic skin biopsies were obtained from the area of tactile allodynia and from the contralateral, normal skin area. Skin biopsies showed an unexpected increased innervation of the allodynic skin compared to the contralateral, normal skin area (+ 80.1%). Hyperinnervation has been proposed as a mechanism of pain following nerve lesions, but the increased innervation described here could be also attributed to neuronal plasticity occurring in chronic inflammatory conditions. Independently from the uncertain cause of the epidermal hyperinnervation, in this patient we tried to reduce the elevated number of epidermal nerve fibres by treating the skin with topical capsaicin (0.075%) three times a day, and obtained a persistent pain relief. In conclusion, neurodiagnostic skin biopsy might represent an useful tool for detecting derangements of epidermal innervation in patients with dynamic mechanical allodynia and can help to select an individually tailored therapeutic strategy in such difficult clinical conditions. Further studies are needed to clarify this issue and try to gain better understanding of chronic pain mechanisms in patients who underwent finger amputation.
© 2013 Baishideng. All rights reserved.  
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Core tip: In some patients with post-amputation chronic pain dynamic mechanical allodynia (a painful sensation evoked by gentle stroking the skin) represents the most disabling problem. So far, little is known about the mechanism of this peculiar type of pain. We present here a patient who complained of severe dynamic mechanical allodynia in the hand after amputation of the left second finger. The neurodiagnostic skin biopsy showed an increased innervation of the allodynic skin compared to the contralateral, normal skin area (+ 80.1%), suggesting hyperinnervation as a possible pain mechanism. Interestingly, topical capsaicin (0.075%) relieved allodynia for a long period.
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INTRODUCTION

The development of chronic pain after finger amputation is not an uncommon event[1-4]. In this context, one of the most disabling symptoms is dynamic mechanical allodynia (or brush evoked allodynia), which has been defined as the pain induced by a light moving mechanical stimuli on the skin[5-7]. Although it has been described some decades ago, its mechanisms are far to be completely understood[5,8].

We describe here the case of a 53-year-old female patient who complained of severe tactile allodynia in her hand after amputation of the left index finger at the metacarpal-phalangeal joint and discuss the possibility that the painful sensation was sustained by an hyperinnervation of the skin.

CASE REPORT 

In 2001, following a minor trauma, the patient experienced acute pain in the tip of her left index finger. Surprisingly, the pain persisted, despite any efforts to relieve it by several analgesic drugs including paracetamol, nonsteroidal antiinflammatory drugs and tramadol. In order to relieve the persistent pain, in the period 2002–2004, three operations for removal of neuromas of the digital nerves to the index finger were performed, but they provided only transient pain relief.

Due to the persistence of pain, on January 2006 the patient underwent amputation of her left second finger at the metacarpal-phalangeal joint. In particular, the palmar collateral nerves of the index were exposed and the radial one was found adherent to the underneath structures. It was isolated, resected and sutured end to end to the ulnar collateral nerve according to the principle of centro-central loop coaptation as described by Fourrier et al[9]. Skin suture was performed and a volar slab was applied and kept for three weeks.

Following amputation the patient experienced a significant pain relief, but four months later the pain reappeared in the hand with the characteristics of deep allodynia during flexion or extension of left middle finger. In the following weeks dynamic mechanical allodynia spread to the skin of both the palm and dorsum of the hand. 
Since the pain relief was only transient and incomplete and because of the inefficacy of several pharmacological agents including gabapentin, pregabalin and amitriptyline, on October 2006 the patient presented at our hospital for the first time. In order to get more information on the possible mechanism of her pain, the patient underwent several diagnostic tests and a neurodiagnostic skin biopsy was proposed. The patient consented to skin biopsy and signed an informed consent approved by the Ethics Committee of the “Salvatore Maugeri Foundation”. On March 2007, after an intradermal injection of 2% lidocaine (0.5 mL), a 3 mm punch biopsy was obtained from the skin area more severely affected by dynamic mechanical allodynia (Figure 1). A second skin biopsy was obtained from the contralateral, normal skin area.

Epidermal nerve fibres (ENFs) were labelled with indirect immunofluorescence and the images of optical sections were collected with a fluorescence microscope system[10].

According to recent guidelines of the European Federation of Neurological Societies[11], the density of ENFs (ENFD) was calculated by counting only the ENFs crossing the basement membrane and expressed as the number of ENFs per millimetre of epidermis (ENFs/mm)[11,12].

In the patient presented here, skin biopsy showed a marked asymmetry of ENFD with a significant higher value (+ 80.1%) in the allodynic skin (Figure 2). In particular ENFD was 23.6 fibres/mm in the allodynic skin and 13.1 fibres/mm in the contralateral, normal skin area, with an epidermal innervation symmetry ratio of 0.55 (normal value > 0.6)[13].

DISCUSSION

In the case described here, the neurodiagnostic skin biopsy provided evidence for an increased innervation of the allodynic skin, suggesting it as a possible pain mechanism.

Hyperinnervation has already been proposed as a possible mechanism of pain[14,15] and previous papers have documented an increased innervation in patients with painful conditions. For example, an increase in the innervation of the lateral retinaculum was correlated with anterior knee pain in a group of patients with symptomatic patellofemoral malalignment[16,17]. Hyperinnervation has been also described in patients with inflamed appendix[18], painful lumbar discopathy[19] and vulvodynia[20]. However, the relationship between hyperinnervation and allodynia has been rarely investigated. The presence of both hyperinnervation and allodinia has been described in an animal study where the injection of doxorubicin (an anti-cancer agent) into eyelids of adult rabbits produced inflammation, increased sensitivity to touch and hyperinnervation[21].

Since the development of mechanical allodynia during inflammation has been widely described in literature both in animal[22-24] and human studies[25-27], a possible explanation of the increased innervation described in our case report is the neuronal plasticity occurring in inflammatory conditions. In fact, it has been reported that acute skin inflammation tends to induce neurodegeneration, while chronic inflammation leads to increased innervation[28]. This seems to be confirmed by the increased number of nerve fibres observed in skin chronic inflammatory diseases such as prurigo nodularis[29,30], psoriasis[31,32] and atopic dermatitis[33].

Another possible explanation of the increased skin innervation is the excessive regeneration of amputated nerve axons. Although in humans neuropathic pain has been associated with poor nerve regeneration following traumatic nerve lesions[34,35], mechanical allodynia is indeed strictly related to the well known development of mechanosensitivity in regenerating primary afferents[35-38]. When some regenerating axons directly reach the peripheral target tissues, non-neuronal cells synthesise growth factors which are able to induce the sprouting of the lesioned fibres towards the target tissues[39,40].

All that considered, increased number of skin afferents with a reduced threshold for mechanical stimuli could explain the dynamic mechanical allodynia observed in this case.

According to this hypothesis, a targeted therapeutic strategy was carried out in this patient. Considering the ENFs degeneration after topical application of capsaicin[41] we topically treated the patient’s skin with capsaicin cream (0.075%) in the tactile allodynia area three times a day. In order to prevent the unbearable burning sensation, sometimes associated with capsaicin based therapies, we instructed the patient to a gradual dose titration. After four weeks of treatment, the tactile allodynia was still present, but the patient reported a significant reduction in both its intensity and extension. Capsaicin treatment was then discontinued, but the antalgic effect was still present on a mid–term follow-up (three months). 

In conclusion, the case described here seems to confirm, at least in some patients, the possible association between epidermal hyperinnervation and the clinical development of dynamic mechanical allodynia. Moreover, skin biopsy might represent an useful tool to better define the underling pathology of allodynic conditions and can help to select an individually tailored therapeutic strategy in such difficult clinical conditions. Further studies are warranted in order to improve the knowledge about the mechanisms underlying the onset of dynamic mechanical allodynia after amputation.
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Figure 1 Area of severe dynamic mechanical allodinia from which the punch skin biopsy was taken. The area of tactile allodynia was actually larger than the illustrated one because it was partially diffused also in the dorsum of the hand.
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Figure 2 The figure illustrate the higher density of epidermal nerve fibres (arrowheads) in the allodynic skin (A), when compared to contralateral normal skin (B). It also shows some abnormal patterns of nerve fibre regeneration (arrows) in the dermis of the allodynic skin.  Indirect immunofluorescence method: in green, protein gene product 9.5 staining of nerve fibres; in red, type IV collagen staining of basement membrane and blood vessels. Space bar: 100 μm.
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