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Abstract
[bookmark: OLE_LINK1]BACKGROUND
Supernumerary phantom limb (SPL) caused by spinal cord injury (SCI) has previously been reported in several studies. However, the mechanisms and management of SPL in SCI patients are still not fully understood. Herein, we report a rare case of SPL in a patient with incomplete SCI. 

CASE SUMMARY
A 46-year-old man complained of four hands 7 d after SCI. He was diagnosed with SPL complicated with actual limb neuropathic pain. Following a period of treatment with neurotrophic agents and Chinese traditional and analgesic medications, SPL symptoms and actual limb pain did not improve. However, his symptoms gradually lessened after combined treatment with high-frequency repetitive transcranial magnetic stimulation (rTMS), a promising neuromodulation technique, over the M1 cortex and visual feedback. After 7 wk of this treatment, SPL disappeared completely and actual limb pain was significantly relieved. 

CONCLUSION
Cerebral plasticity changes may be a mechanism underlying the occurrence of non-painful SPL in SCI patients, and high-frequency rTMS applied to the M1 cortex could be a promising treatment method for SPL. 
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[bookmark: OLE_LINK9]Core tip: Supernumerary phantom limb (SPL) is rare in spinal cord injury (SCI). We report a rare case of painless SPL in a patient with incomplete SCI. Repetitive transcranial magnetic stimulation (rTMS) was first used in the treatment of SPL. The combination of rTMS and visual feedback showed positive effects on the recovery of SPL. This case indicates that the pathogenesis of painless SPL in SCI could include cerebral plasticity and some of the mechanisms assumed in amputees. Furthermore, it demonstrated that high-frequency rTMS applied to the M1 cortex is a promising method for modulating SPL in SCI patients. 
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INTRODUCTION
Supernumerary phantom limb (SPL) designates the awareness of an illusory extra limb in addition to the actual existence of two arms and two legs[1]. SPL is manifested in many different patterns as follows[2-6]: (1) Being painful or non-painful; (2) having one, two, or several phantom limbs simultaneously; (3) involving only part of a limb, such as the hand, forearm, middle of the arm, and upper arm; (4) being visual and/or movable; (5) existing occasionally or continuously; and (6) accompanying corresponding physical limb pain or not. SPL has been reported in various neurologic disorders and clinical contexts, such as stroke, epileptic seizure, spinal cord injury (SCI), multiple sclerosis, and continuous theta-burst stimulation[2-6].
[bookmark: OLE_LINK4] SPL is rare in SCI, and all reported cases have occurred following cervical cord injury[1,3,7,8]. The underlying mechanisms of SPL after SCI are unknown, and effective therapeutic methods remain to be developed. Here, we report the diagnosis and treatment of SPL in a patient with incomplete SCI complicated with neuropathic pain.

CASE PRESENTATION
Chief complaints
A 46-year-old Chinese man complained of four hands 7 d after SCI. The two supernumerary hands were painless but complicated with actual limb pain.

History of present illness
The patient suffered from tetraplegia caused by an accident on April 9, 2018. He underwent major surgery consisting of cervical posterior unilateral open-door expansive laminoplasty on 16 April 2018. Seven days after the accident, the patient felt the presence of an additional pair of hands that originated at the wrist joints and extended medially, with equal length to the paralyzed hands. He complained that he could feel but could not see the additional limbs. According to the patient’s description, the two supernumerary hands that were placed across his abdomen were not painful and persisted throughout the day (Figure 1). However, he felt a burning-like pain on both actual forearms, which measured 7 points (right side) and 5 points (left side) on the visual analogue scale. He experienced a more intense feeling of the existence and movement of the supernumerary hands, and stronger actual limb pain when he tried to control his limbs or someone touched his body. 

History of past illness and personal history 
The patient had no significant medical history, psychiatric history, and history of substance misuse, except for type 2 diabetes mellitus, which was diagnosed 5 years previously and treated with regular injections of insulin.

Physical examination
According to the American Spinal Injury Association (ASIA) standards for neurological classification of SCI, the patient was classified as having an incomplete lesion (ASIA impairment scale B) with a neurologic level at C4. The ASIA evaluation for neurological function was performed 18 d after injury, and the motor score for the upper and lower limbs was 0, and the total score for light touch and pin prick, for both sides, was 31. Bulbocavernosus reflex was positive.

Imaging examinations
Computed tomography scan of the cervical spine on the day of the accident did not show vertebral body fracture or SCI. Three days later, magnetic resonance imaging showed an abnormal signal at C3-6 cervical spinal cord on T2-weighted magnetic resonance imaging (Figure 2A and B). No concomitant brain injury was observed on head computed tomography scans, and all cognitive evaluations suggested no abnormalities. Follow-up cervical spine X-ray was performed (Figure 2C and D).

FINAL DIAGNOSIS
The final diagnosis in this patient was painless SPL complicated by actual limb neuropathic pain following SCI.

TREATMENT
As shown in Figure 3, the therapeutic process was as follows: The day after injury, rehabilitation interventions including passive range of motion were administered in the Department of Orthopedics. Nineteen days after injury, the patient was referred to the Department of Rehabilitation Medicine and received combinations of medications and rehabilitation therapy. Basic rehabilitation therapies included physical therapy (electrical stimulation of the bladder, passive joint motion training, and spastic muscle stretching training), acupuncture, and hyperbaric oxygen. Ganglioside and nerve growth factor were also administered. For the management of SPL and pain, oral pregabalin (75 mg, twice a d) was added to the therapeutic schedule 59 d after injury. However, the symptoms of SPL and neuropathic pain did not improve 78 d after injury. Repetitive transcranial magnetic stimulation (rTMS) was then delivered over the M1 region of the left or right hemisphere with a TMS stimulator (YRD CCY-I, 6.0 T; Yiruide Medical Equipment Co., Ltd., Wuhan, China), with 104 trains of 1.5 s each (intertrain interval 10 s), intensity equal to 40% of maximal output, and a frequency of 10 Hz, once daily，six times a week.
At the same time, the dosage of oral pregabalin was modified to 75 mg three times/d and oral celecoxib was added at a dose of 200 mg twice/d. Furthermore, we suggested that the patient should look at his hands more frequently to increase visual input when he was thinking about his hands or trying to move his hands.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK17]The patient adhered to the systematic rehabilitation as above at our department for 6 weeks. SPL eventually disappeared and to date has not reappeared, and the pain at both sides measured 3 points on the visual analogue scale. Moreover, the motor scores for the upper limbs improved to 6. The total score for light touch and total pin prick was unchanged up to discharge. Pregabalin, rTMS, visual feedback, and other therapies were continued until he was transferred to another hospital.

DISCUSSION
Phantom limb mainly occurs after amputation and can make patients almost forget that their limbs have been removed, and they can even feel the movement or pain of amputated limbs[9]. Phantom limb has also been reported in SCI patients and has been defined as SPL[3]. In addition to their actual limbs, these patients complain of having extra limbs. Some patients do not realize the existence of extra limbs, and their symptoms may have disappeared before they were even aware of SPL. Furthermore, some patients might be afraid of being considered unusual or “crazy” and did not report SPL[10]. Therefore, some cases may have been ignored in the clinic. 
In addition, some SCI patients may experience phantom sensations below the level of the lesion, such as pressure, tingling, electrical sensation, or positional sensations[11]. In the present case, the patient began to complain of two hands moving on his abdomen when he tried to move his hands, while his actual hands were paralyzed, 1 week after cervical cord injury. The two extra hands were not painful, but an obvious burning pain was felt in both actual upper extremities. Initially, we thought that the unusual feeling of extra limbs could be just a simple sense of pressure or paresthesia or the result of cognitive or psychological issues. However, the phantom sensation in this patient was a more complex sensation, which was related to his brain’s commands, and the SPL was movable. Thus, this patient was finally diagnosed with painless SPL complicated by actual limb neuropathic pain following SCI. Meanwhile, the differential diagnosis between SPL and other simple phantom sensations or paresthesia in SCI patients may warrant further investigation.
Research has demonstrated that virtual feedback has therapeutic effects on the PL following amputation and neurological injury[3,8,12]. Thus, we prescribed for our patient with virtual feedback. Some researchers reported phantom limb pain in an amputee, which was relieved by low-frequency rTMS over the unaffected/ipsilateral hemisphere[13,14]. Moreover, a recent study showed that application of high-frequency rTMS to the M1 cortex contralateral to the amputated limb markedly reduced phantom limb pain[9]. Thus, modulation of M1 cortex excitability may have contributed to the rehabilitation of phantom limb sensation. Moreover, rTMS is a safe and noninvasive neuromodulation technique. Hence, we tried to manage SPL in our patient using this method. Due to the bilateral sensation of SPL in this patient, high-frequency rTMS was applied at the M1 cortex in the left and right hemisphere alternately. After a period of visual feedback combined with rTMS, the SPL sensation disappeared and did not recur. Hence, it is assumed that SPL symptoms in SCI patients might be caused by maladaptive plasticity and some pathological changes similar to that in amputees. 
It has been found that when delivered to the posterior parietal cortex or primary sensory cortex of SCI patients with non-painful phantom sensation, high-frequency rTMS reversed the symptoms of phantom sensation. However, rTMS applied to the M1 cortex had no therapeutic effect[11]. On the contrary, our findings suggested that applying rTMS at the M1 cortex relieved painless SPL. With regard to treatment, the mechanism of painless SPL could be different from that of other phantom sensations after SCI. 
To date, the mechanisms underlying SPL caused by SCI are unclear. Based on a review of relevant literature, there are four major theories. The first theory is that the primary somatosensory cortex is reorganized and that the regular cerebral schema that was gained by the interaction between sensory feedback from the periphery and image formulation originating from the brain, subsequently deteriorated[15]. Secondly, central command is moved and is mismatched with sensory feedback from the periphery, which is caused by impairment of sensory roots resulting from SCI and dysfunction that failed to integrate motor information to generate normal physical experience[3]. Thirdly, cortical or subcortical brain reorganization occurs, which includes a change in brain excitability[16,17]. Fourth, there is conflict between visuomotor and proprioceptive sensations caused by excessive activation of the motor area[7]. Following a comprehensive analysis of the present case, including symptoms and the recovery process, we conclude that the mechanisms of SPL in SCI may involve the second and third hypotheses as described above. 
In the present case, the patient endured neuropathic pain in both actual upper limbs at the same time, which was mainly modulated by drug therapy. It has been proposed that rTMS is an effective therapy for the treatment of neuropathic pain[18,19]. The reduction in pain observed in this case may have been the result of the combined effects of drug therapy and rTMS. SPL was not relieved following a long period of drug therapy, and it has been rarely reported that the drugs used in this case have any effect on SPL recovery. This inspired us to choose rTMS as a good alternative therapy for SPL complicated by neuropathic pain of actual limbs in our SCI patient.

CONCLUSION
Several significant points in this case deserve attention. First, it is noteworthy that painless SPL after SCI may be confused with a simple phantom sensation or paresthesia. Second, in similar cases, rTMS was first used in the treatment of painless SPL. The combination of rTMS and visual feedback has positive effects on the recovery of SPL, which indicates that the pathogenesis of painless SPL in SCI could include cerebral plasticity and some of the mechanisms assumed in amputees. Third, the mechanism of painless SPL may differ from that of other phantom sensations in SCI. Furthermore, this case demonstrated that high-frequency rTMS applied to the M1 cortex is a promising method for modulating SPL in SCI patients. However, the efficacy, optimal stimulation parameters, and mechanisms of rTMS for SPL in SCI deserve further investigation. 
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Figure 1 Schematic representation of the two supernumerary hands. In addition to his actual limbs, two phantom hands were placed across the abdomen, which were not painful.
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Figure 2 Neuroimaging of the spinal cord. Magnetic resonance imaging T2-weighted sagittal view (A) and axial view (B) 3 d after injury, showing cervical cord signal change. Cervical spine X-ray anterior-posterior view (C) and lateral view (D) 3 d after surgery.
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Figure 3  Rehabilitation process of supernumerary phantom limb and actual limb pain, showing the modification of treatment protocols. rTMS: Repetitive transcranial magnetic stimulation; SPL: Supernumerary phantom limb.
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