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Abstract

Introduction Supernumerary phantom limb (SPL) is an uncommon phantom sensation where the patient experiences the
illusory presence of one or more limbs in addition to their existing limbs. SPL after a spinal cord injury (SCI) is rare with few
documented cases. There is minimal treatment guidance available, with some reports of visual-tactile feedback therapy used
to manage SPL.

Case presentation A 43-year-old male sustained a C4 ASIA Impairment Scale grade C SCI, developing the sensation of two
SPL arms originating from his shoulders 6 days after injury. He developed a self-directed method of visual-tactile feedback
as a means to improve the SPL sensations, consisting of shrugging his shoulders repeatedly for 1 min while observing the
movement of his actual arms. After completion of this routine, the SPL. moved to the same location as his arms, providing
relief. Also, an elastic band was placed on a sensate region of his arm, providing additional visual—tactile feedback. The SPL
improved and resolved by day 45.

Discussion SPL after SCI is poorly characterized, usually occurring within 6-7 days of injury after a complete or
incomplete cervical SCI. While the mechanism is unclear, the inability to integrate visual, tactile, and proprioceptive
information after deafferentation may contribute to development. Similarities between SPL and phantom limb sen-
sation after an amputation have resulted in the use of visual and visual-tactile feedback therapy for painful SPL
management. This is the first case documenting successful use of visual-tactile feedback therapy to manage
nonpainful SPL.

Introduction

Phantom sensations are perceptions of sensory phenomenon
in a deafferented region after an injury to the nervous sys-
tem [1]. The classic example is phantom limb sensation
after an amputation, where the individual continues to feel
the presence of the absent limb [2-4]. However, phantom
sensations have been reported below the level of injury in
60-100% of patients after a spinal cord injury (SCI) [1, 5].
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Supernumerary phantom limb (SPL) is an uncommon
phantom sensation where the patient experiences an illusory
presence of one or more limbs in addition to their existing
limbs [6]. SPL is typically encountered after a right sided
cortical or subcortical stroke with the SPL originating from
the limb with hemiparesis or hypoesthesia [7].

SPL after a traumatic SCI is extremely rare with few
reported cases in the literature [6, 8—12]. While the
underlying pathophysiology of SPL after an SCI is unclear,
a mismatch between visual, tactile, and proprioceptive
sensory processing is a proposed mechanism [6, 10]. In
addition, there is minimal guidance for therapeutic and
pharmacologic management of SPL with limited reports
suggesting a role for visual or visual-tactile feedback
therapy [8, 10, 11]. Presented here is a case of nonpainful
SPL after a neurological incomplete traumatic SCI, with
symptom improvement and eventual resolution after
initiation of visual-tactile feedback therapy, in addition to
a review of the literature.

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-020-0312-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-020-0312-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-020-0312-7&domain=pdf
http://orcid.org/0000-0001-8145-4351
http://orcid.org/0000-0001-8145-4351
http://orcid.org/0000-0001-8145-4351
http://orcid.org/0000-0001-8145-4351
http://orcid.org/0000-0001-8145-4351
mailto:diazseni@njms.rutgers.edu

62 Page 2 of 6

Spinal Cord Series and Cases (2020)6:62

Case presentation

A 43-year-old male with a blood alcohol level of 320 mg/dl
presented to the hospital after falling down a flight of stairs
with subsequent upper and lower extremity weakness and
decreased sensation. Computed tomography of the head
showed no intracranial pathology and magnetic resonance
imaging of his cervical spine revealed severe central canal
stenosis at the C3—C4 level with spinal cord contusion at the
C3-CS5 level. He underwent C3-C6 posterior cervical dis-
cectomy and fusion 2 days after the injury. On day 5, a
comprehensive neurological examination as per the Inter-
national Standards for the Neurological Classification of
SCI [13] revealed 0/5 bilateral upper extremity and 2/5
bilateral lower extremity strength in all key muscle groups.
Sensation was decreased to light touch and pin prick eva-
luation below the right C4 dermatome and left C5 derma-
tome with sacral sparing and voluntary anal contraction,
consistent with C4 American Spinal Injury Association
(ASTIA) Impairment Scale (AIS) C tetraplegia. On day 8,
physiatry initiated pregabalin for treatment of lower extre-
mity neuropathic pain. Pregabalin dose was increased over
the subsequent week, which resulted in significant symptom
improvement.

On day 18, the patient reluctantly disclosed that he felt as
if he had “two extra arms.” This began on day 6 when he
experienced chest discomfort due to feeling as if the two
phantom arms, or SPL, were on his chest after awakening.
Since onset, the SPL were present daily and intermittently
occurred for hours prior to resolving. The SPL were equal in
length to his arms, originated at the shoulders, and were
oriented in one of two positions: crossed over his chest
or extended over his abdomen with palms on his thighs
(Fig. 1). The SPL were more pronounced when supine,
improved with sitting, and more apparent in the morning,
dissipating in the afternoon and evening.

He denied pain associated with the SPL, but instead
reported a bothersome sensation when they were in a dif-
ferent location than his actual arms. Since the time of initial
onset, he had developed a method to alleviate this sensation
which involved looking at his actual arms while shrugging
his shoulders (i.e., activating the trapezius muscle), result-
ing in gross movement of his actual arms. After about
1 min, the SPL moved to the same location as his actual
arms and provided relief. Of note, he denied any change in
the SPL since starting pregabalin for neuropathic pain in his
actual limbs. A detailed mental status exam was performed
showing intact reasoning and insight. He was unable to see
the SPL and denied hallucinations. Importantly, the patient
confessed that he was initially reluctant to discuss the SPL
for fear of disbelief by medical staff.

First, extensive reassurance and education about SPL
were provided to the patient and medical staff. Next, the
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patient was given a structured shoulder shrugging method,
being instructed to perform this every time he felt the SPL
and at least three times daily. Finally, an elastic bandage
was placed over his left upper arm, where sensation
was intact in the C5 dermatome, to provide additional
visual-tactile feedback. Within 5 days, he reported a
decrease in SPL frequency and duration, now only occur-
ring a few times per week for less than 1 h in duration, and
no longer awakening with the SPL on his chest. He con-
tinued to utilize shoulder shrugging and elastic bandage
techniques daily throughout his acute care admission. His
bilateral lower extremity strength gradually improved to 3/5
in all key muscle groups, without change in sensation and
upper extremity strength. By discharge to rehabilitation on
day 45, the SPL had resolved without recurrence.

Discussion

Since its original description, SPL after an SCI has remained
poorly understood with the minimal literature on epide-
miology, diagnostic characteristics, and clinical manage-
ment. Including this case, there are seven reports of SPL
after a traumatic SCI (Table 1) [6, 8—12]. All reported cases
occurred in males aged 22—71 years old and after sustaining
a cervical SCI of varying severity from to C2-C6 levels.
Three of the cases sustained either a complete (AIS A)
classification and four cases had either an incomplete injury
(AIS B or C) classification. When reported, SPL onset varied
from 6 days to 2 years after injury, with four of the five cases
experiencing onset at 67 days after injury [6, 8—12].

SPL after an SCI has multiple unique characteristics
(Table 1). First, the SPL can consist of either entire limbs or
only portions of limbs, such as the hands [6, 8—12]. Second,
the SPL orientation varies, either laying parallel to the
limbs, over the chest and abdomen, or angled from the body
in different planes [6, 8, 10-12]. Third, the SPL can be
continuously or intermittently present and more pronounced
at specific times of day or with certain positions [6, 8, 10—12].
In addition, the SPL can be nonpainful or painful and can be
accompanied by neuropathic pain in the actual limbs or
episodes of chest discomfort when the SPL arms are crossed
over the chest [6, 8, 10-12]. Finally, SPL can be associated
with a telescoping phenomenon, or shortening of the SPL,
as motor function, sensation, and proprioception improve
[6, 8]. Clinicians can utilize these trends to aid with clinical
diagnosis of SPL. It is plausible that SPL is an under-
recognized occurrence after an SCI due to a combination of
clinician unfamiliarity and patient reluctance to report this
bizarre experience [6, 8, 11].

There are multiple proposed mechanisms for the devel-
opment of SPL after SCI. One leading hypothesis is that
SPL occurs due to disrupted communication between the
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Fig. 1 Supernumerary
Phantom Limb Positions.
Graphic depictions of the two
primary locations that the
supernumerary phantom limbs
assumed including extended
over the patient’s abdomen with
hands on thighs (blue) and arms
crossed over chest while supine
(red). Courtesy of Kathryne
Bartolo, MD, Newark, NJ.

brain and paralyzed limb, resulting in an altered central
body schema perception [14, 15]. The perception of the
body’s location in space is achieved through the central
integration of afferent sensory information, including tactile
sensation and proprioception, received from the environ-
ment. This allows the body schema, or the configuration of
the body in space, to be established and updated with
changes in body and limb orientation [16]. The loss of this
afferent information, such as that proposed in SPL, may
lead to a failure in generating a normal experience of self-
location and subsequent construction of an illusory limb [8].
Another proposed mechanism is that SPL may result from
cortical and subcortical reorganization and maladaptive
plasticity after an SCI [8, 11, 17]. A third hypothesis is that
a disturbance in the sensory-motor loop may lead to an
efferent copy mismatch and SPL emergence [10, 18].
Nevertheless, to date, the pathophysiology behind SPL
development remains poorly understood.

Currently, there is no standardized approach for the
management of SPL after an SCI, with use of pharmacologic

Vbl

and therapy-based interventions in the literature (Table 1)
[6, 8-12]. Four documented cases of SPL used medications
as a part of management, with pregabalin used in all patients,
either alone or with additional medication [6, 8, 11]. These
selections took into consideration if the SPL was painful and
if neuropathic pain was present in the actual limbs. None of
the patients experienced direct improvement in SPL presence
or intensity after initiation of medications. However, prega-
balin was associated with improved neuropathic pain in the
actual limbs and decreased neuropathic pain in the SPL in
some cases (Table 1) [8, 11]. One possible explanation for
this finding is that patients did not associate SPL improve-
ment with the medication due to pregabalin’s delayed onset
of action. In addition, three cases used pregabalin in com-
bination with visual feedback therapy which may represent a
synergistic effect of the two treatments [6, 11].

Previous authors have suggested that the pathophysiol-
ogy behind SPL after SCI is similar to phantom limb sen-
sation and pain after amputation [6, 8, 10, 11]. One
established treatment for phantom limb sensation and pain
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is visual feedback therapy [19]. Patients undergoing visual
feedback therapy see the absent limb, either through mirrors
or virtual video systems, and attempt to synchronize the
phantom limb movements with the observed movements
[4, 19]. The role of the visual system in SPL was detailed in
a patient with a C3 AIS C tetraplegia who developed SPL
arms primarily when supine [6]. In this case, the rubber
hand illusion paradigm was administered while the patient
was sitting and SPL were absent. Within minutes of initi-
ating the vision-touch protocol, the previously reported SPL
appeared [20]. This supports the idea that SPL may arise
from a breakdown in the ability to integrate visual, tactile,
and proprioceptive information [6, 10, 15].

Previous authors have proposed that the visual system’s
role in proprioceptive mismatch can assist in SPL treatment
by reconciling the altered perception. Multiple novel visual
feedback techniques have been used for the management of
SPL sensations and pain (Table 1) [8, 10, 11]. One case
report utilized visual-tactile stimulation therapy for the
management of two painful SPL legs by instructing the
patient to identify the paralyzed lower extremities and tap
his legs with a stick three times daily for 10—15-min ses-
sions. The patient began to experience gradual improvement
in SPL sensations and pain, starting on day 8 of treatment
[8]. In another example, a patient with two painful SPL
arms was placed on a tilt table in front of a mirror, body
covered from the neck down, while a video projection of
moving extremities was shown. The patient was then
instructed to imagine moving his hands and feet as seen in
the projected video. The authors reported a decrease in SPL
pain after completion of the treatment [10]. In a third
example, a patient experiencing two nonpainful SPL hands
over the abdomen was instructed to look at his actual hands
while either thinking about or attempting to move them. Of
note, this patient also received repetitive transcranial mag-
netic stimulation as a separate intervention [11].

In the currently presented case, two visual-tactile feed-
back therapies were utilized for SPL management. The first
was the patient’s method of performing shoulder shrugs for
1 min, while watching his arms move, which likely allowed
for the integration of the visual, tactile and proprioceptive
systems. This reconciled the discrepancy between the sensory
systems by moving his SPL to the same location as his arms.
Second, wrapping the elastic bandage around his arm at the
distal-most site with intact sensation provided him with
additional visual-tactile feedback both at rest and when
performing shoulder shrugs. The patient’s altered sensation
below the C5 dermatomal level may have permitted some
degree of visual, tactile, and proprioceptive information
processing, allowing for the visual-tactile feedback therapy
to reconcile the miscommunication between sensory systems.
Finally, patient and medical provider education and reas-
surance about SPL is essential given that the interventions

detailed above are patient and staff driven. The patient pre-
sented in this case experienced symptom improvement within
5 days of starting the above treatment measures and complete
resolution by day 45 after injury. This is the first case doc-
umenting successful use of visual-tactile feedback therapy in
the management of nonpainful SPL.

The outcomes for patients with SPL after SCI vary in the
reported cases. Of the six cases where outcomes were reported,
three had resolution of the SPL, while three others documented
improvement of SPL intensity or pain (Table 1) [6, 8, 10-12].
For the patients who experienced SPL resolution, all had
sustained an incomplete SCI and the timing varied between
45 days and 8 months after initial injury. In addition, all
patients with resolution had received pregabalin and two
received some form of visual feedback therapy [6, 11]. In this
presented case, pregabalin alone was not effective for SPL
management and only after addition of visual—tactile feedback
therapy was there symptom improvement.

In summary, SPL is a rarely reported phenomenon after
complete and incomplete SCI with symptom onset usually
within 1 week of injury. There are many characteristics the
clinician can use to assist in SPL diagnosis (Table 1). The
proposed similarity between phantom limb sensation after
an amputation and SPL after SCI has resulted in the use of
multiple types of visual feedback therapies with varying
success. Though the role of pregabalin in the treatment of
SPL remains unclear at this time, it may help treat painful
SPL, have long term benefit for SPL recovery, and may
have a synergistic effect with visual feedback therapy. The
case presented here serves to bolster the current literature on
SPL after an SCI by helping to further characterize this rare
condition and by detailing two novel methods of
visual-tactile feedback therapy. Finally, this is the first case
describing the use of visual-tactile feedback treatment for
the successful management of nonpainful SPL, emphasizing
the importance of both patient and staff education as key
parts of management. Also, it is unclear if SPL improves as
neurologic recovery occurs and if an incomplete injury
confers a better prognosis for SPL resolution. Additional
studies are needed to clarify the underlying neural
mechanisms, identify risk factors, and to develop standar-
dized management strategies for SPL after SCI.
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