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Abstract
We report the outcome of an early intervention with a tactile discrimination task in 2 patients with phantom limb
pain related to superficial pain, after qualitative assessment. Two patients experienced phantom limb pain related to
superficial pain after amputation performed because of diabetic gangrene. The 2 patients were asked to discriminate
the region of tactile sensation when a cushion was held to the amputation stump. At the beginning of the discrimination
task, the patients could not discriminate the region of tactile sensation accurately. However, after the discrimination task,
the subjects could discriminate the region of tactile sensation, and the phantom limb pain improved. This result shows
the importance of an immediate decision regarding intervention, after the qualitative assessment of phantom limb pain.
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Introduction
Phantom limb pain (PLP) is pain that occurs in a part of the body
that was lost due to amputation. Approximately 60-80% of amputees
experience PLP [1] and it becomes chronic in 25% of amputees [2].
Chronic PLP is difficult to treat [3]. PLP may become chronic because
of plastic changes in the central nervous system (CNS) [4]. McCabe et
al. [5] hypothesized that the incongruence between motor intention
and sensory feedback causes PLP. There have been some studies on
interventions designed to resolve this incongruence. Examples of these
interventions include mirror therapy [6], motor illusion [7], motor
imagery [8], and action observation [9]. These interventions effectively
reduce PLP, provided that patients learn to move their phantom
limb in their imaginations, control involuntary movements of their
phantom limb [10], and resolve the sensory–motor incongruence [11].
However, Sumitani et al. [12] reported that while resolving
sensory–motor incongruence is effective for PLP that is categorized
as deep pain (e.g., twisting, clenching, or cramp-like pain), it has
little effect on PLP categorized as superficial pain (e.g., knife-like,
electric shock-like, or stinging pain). Sumitani et al. [12] speculated
that these differences in the effectiveness of the intervention occur
because deep pain is derived from a higher-order cognitive process
of sensory–motor integration and movement representation in the
CNS, but superficial pain is derived from hyperexcitability of the pain
pathways and abnormal firing pattern of neurons within them. The
hyperexcitability of neurons in pain pathways is related to patients’
long-term experience of pain prior to amputation [13]. Furthermore,
hyperexcitability of pain pathways evokes abnormal remapping of
somatotopic representations in the primary somatosensory area (S1)
after amputation, causing PLP [13,14]. To resolve this change in S1 and
reduce PLP, appropriate remapping of the somatotopic representation
in S1 can be accomplished by interventions in which patients learn
to discriminate different frequencies and locations of high intensity
non-painful electric stimuli applied to the stump [15,16].
We hypothesized that coordinating sensory–motor incongruence
provides effective relief of deep PLP, and remapping the appropriate
somatotopic representation in S1 (e.g., discrimination of tactile
stimuli applied to the stump) provides effective relief of superficial
pain. Therefore, it is important in clinical practice to understand the
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quality and source of patient PLP and to determine the appropriate
therapeutic intervention. This has rarely been done as part of past PLP
rehabilitation programs. We report 2 patients with superficial PLP
who were treated using a stump tactile and pressure discrimination
task soon after amputation to prevent PLP from becoming chronic.

Patient Characteristics
Patient M. Y. was a 56-year-old woman. M. Y. had diabetic
gangrene that required amputation of her right lower leg. For a few
years prior to the amputation, she was unable to walk because of pain
in her right heel that was due to diabetic disturbances of peripheral
circulation. One week after amputation, she described a vivid
phantom lower leg that was normal in size and length. She further
described PLP that felt like electricity shooting through her phantom
heel. The intensity of the PLP was moderate (Numerical Rating Scale
score of 5/10). M. Y said “I felt pain in my heel when it touched the
bed I was lying on before the amputation, but I still feel the same pain
after amputation.”
Patient S. F. was a 42-year-old man. He had diabetic gangrene
that required amputation of his left lower leg. For a few years prior
to amputation, he experienced pain in his left toe that was due to
diabetic disturbances of peripheral circulation. However, he was able
to work as a courier and perform normal daily activities. One week
after amputation, he had a vivid phantom limb below his ankle that
was normal in size and length. He reported a tingly PLP in his left
phantom toe. The PLP intensity was slight (Numerical Rating Scale
score of 3/10). S. F. said “I felt pain in my toe when I woke up in the
morning before the amputation, and I get the same pain after the
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amputation”. He actually had felt PLP at the only time of awaking.

stump.

The location, quality, and timing of PLP in both patients
corresponded to the pain that arose from diabetic disturbances in
peripheral circulation before amputation. Neither patient experienced
any involuntary movement of the phantom limb. Both patients
provided consent for the details of their cases to be published.

After 18 days of discrimination task therapy, M. Y. experienced
no PLP and identified the location of all tactile and pressure
stimuli correctly. After 9 days of discrimination-task therapy, S. F.
experienced no PLP and incorrectly identified only 2/10 stimuli. In
addition, neither patient continued to experience any phantom limb
phenomena and both came to feel that their leg existed only as far as
the stump. Both patients were eventually able to walk independently
after being fitted with a prosthetic limb and neither has experienced
recurrence of PLP.

Intervention
We categorized the PLP experienced by both patients as superficial
because the quality of the PLP was “like shooting electricity” or “tingly”
and because neither patient experienced involuntary movement
of the phantom limb. As the PLP experienced by both patients was
superficial and identical to that experienced before amputation, we
chose to treat the PLP by using a stump tactile discrimination task.
We modified the intervention method described by Flor et al.
[14], so that it could be easily used in a clinical setting. We used a soft
square cushion to apply tactile stimuli and pressure to the patients’
stumps by the physical therapist. The hardness of this cushion is
107.9 N as measured by an automatic hardness tester (type JIS K6400,
Asker JA). The physical therapist applied tactile stimuli to the front
side, back side, left side, right side, or basal side of their stump (Figure
1). Patients were asked to indicate the location of each stimulus, and
patients answered orally where the tactile stimuli applied, after which
they looked to see whether their response was correct. The physical
therapist kept on applying the tactile stimuli until the patients could
answer. Patients performed this task about 30 times within 30 min
each day, considering their tiredness. We began performing this
therapeutic intervention after postoperative stump pain had subsided
(M. Y. started 14 days after amputation; S. F. started 10 days after
amputation). Both patients also participated in standard physical
therapy consisting of range of motion exercises and gait exercises
using parallel bars.

Result of Intervention
During the first session, M. Y. incorrectly located 5/10 stimuli,
while S. F incorrectly located 6/10 stimuli. Neither patient was able
to determine the location of tactile nor pressure stimuli applied to the

Discussion
After qualitatively assessing the PLP of 2 patients, we determined
that early intervention in the form of a tactile stimulus and pressure
discrimination task resulted in the elimination of the PLP.
The experience of pain prior to amputation increases the
excitability of S1 and establishes the memory of pain [13]. Somatotopic
representation in S1 may also overlap the amputated representation
in S1, increasing pain signals, resulting in chronic PLP [13,17]. In the
cases presented here, the patients experienced pain for a long time
(years) before amputation, and the quality of their PLP was similar to
the pain they experienced before amputation. We hypothesized that
there was hyperexcitability of S1 pain pathways due to the long-term
experience of pain prior to amputation. Inappropriate remapping
in the S1 somatotopic representations resulted in the superficial
PLP reported by the patients. We successfully prevented the PLP
experienced by the 2 patients described here from becoming chronic
by engaging them in a tactile and pressure stimulus discrimination
task soon after surgery.
MEG and fMRI studies indicate that tactile stimulus
discrimination tasks bring about reorganization in the S1 [18,19].
Additionally, the ability of patients to determine the location of
tactile stimuli is correlated with S1 reorganization [19]. In both the
cases described here, there was a simultaneous improvement in the
perception of the stump and a reduction in PLP. The phantom limb
eventually disappeared, and both patients came to feel that their leg
existed only as far as their stump. We therefore believe that the S1
somatotopic representation was successfully re-mapped in these
patients. Since this occurred soon after amputation, this prevented
overlapping of the amputated region with adjacent regions.
The results of past studies on PLP treatments are highly variable.
This may be due to the indiscriminate selection of PLP treatments. It is
important to customize the treatment for each patient [20]. In the cases
described here, we selected the method of intervention after assessing
the quality the PLP experienced by the patients, and determining
its mechanism. This enabled us to prevent the PLP from becoming
chronic, as the intervention was tailored to the PLP pathology. This
suggests that it is necessary to determine PLP pathology through
qualitative assessment prior to selecting a method of intervention.
However, this remains a matter of speculation, because there are few
quantifiable PLP assessment tools and we did not monitor changes in
S1 with fMRI or MEG.

Figure 1: Patients were asked to indicate the location of tactile stimulus.
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This study is further limited by a lack of control over the rate
of correctly identified tactile and pressure stimuli locations and the
assessment of the relationship between the time-dependent change
in the rate of correct answers and the time-dependent change in
PLP. In order to more thoroughly investigate the effectiveness of
discrimination task therapy, the number of tasks must be controlled,
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and a method of qualitative PLP assessment must be developed that is
correlated to functional brain imaging results.
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