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Metal bar prevents phantom limb motion: Case study of an amputation
patient who showed a profound change in the awareness of his phantom
limb

Noritaka Kawashimal,2 and Tomoki Mita 1

1 Department of Rehabilitation for the Movement Functions, Research Institute, National
Rehabilitation Center for the Persons with Disability, Tokotozawa, Saitama, Japan

2 Japanese Society for Promotion of Science, Tokyo, Japan

This case report describes an amputee (patient A.S., a 60-year-old male forelimb amputee) who
had an extraordinary experience with a phantom limb. He complained that he could not move the
wrist of his phantom limb because a metal bar was perceived to be grasped by the hand. As a
solution for removing the metal bar, we invited the patient to undergo mirror reflection-induced
visual feedback therapy. The patient reported that the metal bar previously grasped by his hand
was successfully removed from the phantom during the course of therapy. Interestingly, this
experience was accompanied by profound changes in the EMG modulation in the residual wrist
muscles. In this article, the possible mechanisms underlying this interesting phenomenon will be
discussed

Keywords: Phantom limb; Kinesthesia; Mirror; Visual feedback; Electromyography.

INTRODUCTION

A phantom limb is the sensation that an amputated limb is still attached to the body and
is moving together with other body parts (Hunter, Katz, & Davis, 2003; Melzack, 1992;
Ramachandran & Hirstein, 1998). This sensation is reported by almost all amputees, and
is usually accompanied by pain (Flor, Nikolajsen, & Stachelin Jensen, 2006). It is now
well recognized that amputation results in reorganization of the sensorimotor cortex:

ith the area previously innervated by the amputated limb now occupied by the adjacent
region (Flor et al., 1998; Ramachandran, Rogers-Ramachandran, & Stewart, 1992).
Researchers believe that this reorganization may partly explain phantom limb sensation
and pain (Flor et al., 1995; Willoch et al., 2000). While some amputees have a vivid
kinesthesia for their phantom limb, previous studies have described others as having an
awareness of the missing limb as clenched and paralyzed in a specific position (Hunter et
al., 2003; Ramachandran & Rogers-Ramachandran 1996; Reilly, Mercier, Schieber, &
Sirigu, 2006). One possible interpretation for the latter case is that the amputee cannot
send motor commands to the missing limb. This interpretation can work under the
premise that the patient does not have a motor representation of the phantom limb
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anymore. However, given previous findings showing that the awareness of the phantom
limb can be enhanced with viewing an image of their intact hand, which can create a
visual illusion of their missing hand (i.e., the ‘mirror box’) (Hunter et al., 2003;
Ramachandran & Rogers- Ramachandran 1996), it is reasonable to consider that the
patients still possess the ability to send motor commands to the missing part. With
regard to this point, Mercier, Reilly, Vargas, Aballea, and Sirigu (2006) have recently
reported an interesting result that the sense of motion in the phantom limb can be
re-awakened through transcranial magnetic stimulation of the motor cortex, even when
the patient has a ‘paralyzed’ phantom limb. The patient in this case study, A.S., is a
forearm amputee who had an extraordinary experience with the phantom limb. He
complained that the wrist flexion motion of his phantom limb was prevented by a metal
bar grasped in his hand. He also said that his experience of the phantom limb involved
severe pain. Based on the above-mentioned recent findings, we speculated that A.S.
might still have been able to send motor commands to the missing limb, but that the
presence of the metal bar and/or pain prevented the neural circuit from functioning
properly. In order to reactivate motor commands to the phantom limb, we decided to
utilize a ‘mirror box’, which is based on the concept that the mirror-induced artificial
visual feedback of the missing limb can enhance awareness of the phantom limb (Hunter
et al., 2003; Ramachandran & Rogers-Ramachandran, 1996). Although direct evidence is
still limited, the effects of the mirror therapy on the phantom limb pain have been
described in some case reports (MacLachlan, McDonald, & Waloch, 2004;
Ramachandran, Rogers Ramachandran, & Cobb, 1995) and have been observed in some
recent clinical trials (Brodie, Whyte, & Niven, 2007; Chan et al., 2007). We therefore
hypothesized that the mirror therapy would be an effective method for allowing A.S. to
release the metal bar and thus relieve the phantom limb pain. In order to evaluate the
phantom limb motion, we recorded muscle electromyographic (EMG) activity of the
residual wrist flexor and extensor muscles near the amputation stump. With regard to
EMG measurements, Reilly et al. (2006) have recently recorded the EMG activities of
the residual muscles in the upper amputees and reported that different intention of the
phantom limb movements are associated with distinct muscle EMG activity in the
residual stump muscles. Also, in a preliminary experiment with six forearm amputees,
we confirmed that the forearm stump muscles demonstrated clear EMG activities that
correlated with the phase of phantom wrist motion. We therefore assumed that changes in
phantom limb motion can be quantitatively evaluated by EMG recordings. The purpose
of this study was twofold: first, to describe A.S.’s unique phantom limb condition, and
second, to examine the changes in the phantom limb condition due to the therapy via
EMG recordings of the stump muscles.

METHODS

The patient (A.S.) was a 60-year-old man amputated at the left forearm. A.S. suffered an
injury in which his hand was crushed by a machine at his workplace. Although the
injured forearm was almost completely separated from the body and completely
paralyzed, it was preserved for 4 days. However, because of severe pain and no sign of
recovery, the paralyzed forearm was surgically amputated. The amputation position was
9 cm distal to the lateral epicondyle. The first time A.S. came to the laboratory, 2 months
after the amputation, one author (T.M.) conducted an interview with A.S. about his
missing limb. During the interview, A.S. was first asked whether he felt any sensation of
the missing limb. When he replied that he still felt sensation of the limb accompanied by
pain, T.M. asked him to move his phantom limb. However, he said that he could not
move it well. Surprisingly, when A.S. tried to move the wrist joint of his phantom
forearm, he said ‘I cannot move it because the metal bar is preventing wrist flexion’.
According to him, the metal bar was massive, cold, and approximately 10 cm long. He
felt the metal bar more as an artificial object than as a part of his body. He also said that
the extent of the feeling of the metal bar changed somewhat day by day, but that the bar
was continuously grasped in the phantom hand. To gain a better understanding of this
phantom limb condition, we asked A.S. to replicate the condition of the phantom limb
using the intact hand. As shown in Figure 1A, wrist motion was prevented by the bar that
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was placed on the wrist joint. We also made a projection drawing to facilitate the
visualization of the phantom limb’s condition in accordance with his verbal comments
(see the figures shown at the bottom of Figure 1A). As shown in this figure, the phantom
limb was shorter than the intact limb. The phantom limb pain was perceived as being like
an electric shock, and lameness around wrist and became much more pronounced on cold
and humid days. A feeling of sweating around the base of the fingers was perceived when
he tried to move the phantom hand.

Mirror therapy

Before participating in the therapy, A.S. gave informed consent which was approved by
the ethics committee of the National Rehabilitation Center for Persons with Disabilities.
The mirror therapy utilizes a simple method in which a mirror provides
reflection-induced visual feedback of the phantom limb. A.S. placed his intact arm on
one side of the mirror, which was positioned in such a way that he could see the
reflection of the intact hand as another side of the hand (Figure 1B). A.S. was instructed
to perform synchronous and periodic (flexion to extension and vice versa) wrist motions
using both intact and phantom limbs with the visual feedback. We asked him to carry out
the motion as smoothly and in as large a range as he could without a specific prescription
regarding the magnitude and speed of the wrist motion. He performed the therapy for 1 h
per week during 3 months of hospitalization.

Measurements

In order to record the changes in phantom limb motion, we conducted the following
experiments at the beginning of therapy, the end of therapy, and at a 6-month follow-up
evaluation. Similar to the therapy sessions, the experiment also consisted of synchronous
and periodic wrist motions using both intact and phantom limbs. During the experiment,
however, A.S. performed the wrist motion without a mirror. A.S. was asked to describe
the difficulty of phantom limb motion using a visual analog scale (VAS: ranging from 0
(hard) to 10 (easy)). He was also questioned regarding the degree and type of pain from
his phantom limb. The patient was instructed to conduct the motion for 30 s at a
comfortable speed. During the movement, bilateral muscle EMG activity was obtained
from the extensor digitorum longus (EDL) and flexor carpi radialis muscles (FCR) with
bipolar electrodes. As mentioned above, the patient underwent amputation at the left
forearm 9 cm distal to the lateral epicondyle, so he still had his EDL and FCR muscles.
The EMG signal was amplified and band-pass filtered between 20 and 450 Hz (The
Bagnoli-8 EMG System, DELSYS, USA). In order to measure changes in wrist angle, an
electrogoniometer (Goniometer System, Biometrics Ltd, Ladysmith, VA, USA) was
attached to the wrist joint on the intact side. In the present study, we assumed that the
wrist motion of the intact side might reflect the phantom limb motion because A.S. was
asked to move both wrists synchronously.Since the EMG data were obtained on different
days, we should be careful in comparing these data. We used bipolar electrodes (DE-2.3,
DelSys, Inc., Boston, MA, USA) with a constant interelectrode distance (1 ¢m apart),
and tried to place the electrodes at the same locations among the three testing sessions.
Also, in order to reduce the impedance between electrode and muscle, skin preparation
(abrasion, cleaning with alcohol) was carried out carefully before recording. During the
testing session, all data were continuously monitored by Power Lab software (Chart ver.
5, AD Instruments, USA) and were digitized at 1 kHz for later analysis.

Figure 1. (A) A reproduction of the condition of the phantom limb using the intact hand. A.S. said that
wrist motion was prevented when the bar was placed on the wrist joint. The drawings in the bottom picture,
which were drawn by one of the authors (T.M.) based on comments provided by A.S., represent the
conditions of the phantom limb. (B) Mirror therapy. A.S. was asked to participate in mirror therapy, which
consists of visual feedback of the phantom limb by way of a mirror reflection of the intact hand.

Statistics

All values are given as the mean + SD. One-way ANOVA with repeated measure was
used to test the effects of therapy on wrist motion and EMG size among three data sets.
If the results of ANOVA were statistically significant, a multiple comparison (LSD) was
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applied to identify differences between data points. Significance was accepted at p < .05.

RESULTS

Figure 2A shows the waveform of the wrist joint angle recorded from the intact side and
the EMG activity of the FCR and EDL muscles in both arms. The quantified wrist motion
frequency, range of motion (ROM), and EMG levels of each muscle are summarized in
Figure 2B. As mentioned in the Methods section, we assumed that the wrist motion of the
intact side might reflect the phantom limb motion when A.S. conducted bilateral
synchronous wrist motions. As clearly shown in Figure 2A,B, the wrist motion frequency
and ROM obtained from the intact side were consistent with changes in the reported
phantom limb condition and EMG activity, suggesting that the wrist motion of the intact
limb adequately reflected that of the phantom limb.

Phantom limb movement

In the first test session, A.S. performed wrist motions with his phantom limb very slowly
(0.25 £ 0.02 Hz), and he said he could not perform wrist flexion because of the existence
of the metal bar. Interestingly, after several months of mirror therapy, A.S. said that the
metal bar gradually disappeared and that by the end of therapy he finally did not feel the
existence of the metal bar, even without the mirror. Following therapy, A.S. was able to
move the wrist of the phantom limb faster and smoother than before (0.56 + 0.19 Hz),
and the range of wrist joint motion was significantly increased (before vs. after: 21.2
+0.23 vs. 32.4 + 0.26 degrees, p < .05). In the follow-up experiment, A.S. no longer felt
the metal bar, and the improved wrist motion was well preserved. Awareness of the
phantom limb motion recorded by VAS was increased from 4 at the beginning to 10 at
the end of therapy, and it remained at the same level in the follow-up experiment. A.S.
reported that the phantom limb awareness remained after the metal bar disappeared.

Figure 2. (A) Waveforms of the wrist joint motion and EMG activity of the FCR and EDL muscles during
rhythmic synchronous wrist flexion-extension movement. (B) The difference in wrist joint motion
(frequency and range of motion) and EMG activity of the FCR and EDL muscles among before (white) and
after mirror therapy (dot) and follow-up (gray). The error bars indicate the standard deviation of the mean
value. *Significant difference (p < .05).

EMG activity

As clearly shown in Figure 2, the wrist muscles showed profound changes during the
course of therapy: namely, after mirror therapy, flexor FCR and extensor EDL muscles
showed clear alternate modulation that was not observed at the beginning of therapy. For
the FCR muscle, the ANOVA results [F(1,9)= 17.43, p < .05] revealed a significant
effect of time course of therapy (before, after, and follow-up), and a post-hoc test
identified significant differences between before and after (2.45 + 0.83 vs. 28.74 + 6.45,
p < .05) and before and follow-up (2.45 £ 0.83 vs. 35.03 + 16.43, p < .05). For the EDL
muscle, the ANOVA results [F(1,9 = 13.12, p < .05] revealed a significant effect of time
course of therapy (before, after, and follow-up), and a post-hoc test identified significant
differences between before and after (20.37 + 4.89 vs. 58.11 + 12.99, p < .05), before
and follow-up (20.37 £ 4.89 vs. 27.24 + 5.01, p < .05), and after and follow-up. Contrary
to the phantom limb side, the magnitude of the EMG activity in the FCR muscle on the
right side was significantly decreased after therapy as compared to before therapy, and
again recovery to the baseline level in the follow-up experiment ([F(1,9) = 9.93, p < .05]).
For the EDL muscle, no significant effect of therapy was identified by ANOVA [F(1,9) =
2.12, ns].

Phantom limb pain

In the first test session, A.S. had much pain feeling, which he described as being like an
electric shock. However, such unpleasant sensations were profoundly decreased at the
end of therapy. Although A.S. did not participate in any mirror therapy after the second
experiment, the pain had not returned at the follow-up session and he no longer felt the
existence of the metal bar.
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