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Abstract

Mirror movements (MMs) are involuntary synchronous movements of one limb during volun-
tary movements of the contralateral limb. Generally, MMs after stroke are observed in the
unaffected hand during voluntary movements of the affected hand; MMs in the affected hand
are comparatively rare. In previous studies, evaluation of MMs in the affected hand was per-
formed using simple unilateral movement tasks, such as tapping or forceful repeated hand
closure. However, the impact of MMs of the affected hand on functional tasks, such as ac-
tivities of daily living (ADLs), has not been reported. We report the rare case of a patient with
MM s of the affected hand due to atherothrombotic cerebral infarction of the right postcentral
and precentral gyri. An 85-year-old Japanese man presented with left-sided hemiplegia and
sensory impairment. MMs were observed in the left (affected) hand during many ADLs and
could not be suppressed by the patient’s will even when the examiner verbally instructed the
patient to move only the unaffected hand. The patient was aware that his hand moved on its
own, but he could not control it. The patient was trained on various types of bilateral coordi-
nated motor exercises for 114 days after the MMs were first identified. However, this did not
affect MM occurrence, and the MMs remained at the time of discharge. Future research is
necessary to plan long-term interventions for MMs of the affected hand.
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Introduction

Mirror movements (MMs) are involuntary synchronous movements of one limb during
voluntary movements of the contralateral limb [1]. Physiological MMs can be seen in healthy
children up to 10 years of age, and their severity decreases with motor development [2-4].
Pathological MMs in adults are caused by central nervous system dysfunction, such as that
due to stroke [5-9]. In general, MMs after a stroke are observed in the unaffected hand during
voluntary movements of the affected hand. In contrast, MMs in the affected hand during
voluntary movements of the unaffected hand are rare [1, 10-12]. Evaluation of MMs in the
affected hand has been performed using simple unilateral movement tasks [1, 10, 12].
However, the impact of MMs of the affected hand on functional tasks, such as on activities of
daily living (ADLs), has not been reported. We perform several bilateral hand coordination
movements as part of our daily activities. If MMs occur on the affected side because of unaf-
fected hand movements, it is possible that the involuntary movements may inhibit ADL
execution by disrupting the coordination of bilateral hand movement. In the present case
report, we describe the case of a patient with MMs in the affected hand due to stroke, and we
describe the patient’s neuropsychological assessment and report our findings.

Case Presentation

An 85-year-old Japanese right-handed man was admitted to an acute-care hospital
because of gait disturbance. Diffusion-weighted imaging on admission showed areas of
hyperintensity in a large region of the right postcentral gyrus and a small region of the
right precentral gyrus (Fig. 1), and the patient was diagnosed with atherothrombotic brain
infarction. He had history of treatment for diabetes, prostatic hypertrophy, postoperative
bladder cancer, and symptomatic epilepsy. He was transferred to a convalescent rehabili-
tation hospital on the 43rd day post onset and was discharged to a nursing home 174 days
post onset.

Motor paralysis of the patient’s upper limbs, rated according to the Brunnstrom stages
(I, flaccidity; II, synergies and /or some spasticity; 11, marked spasticity; [V, out of synergy and
less spasticity; V, selective motor control; VI, near-normal isolated/coordinated movement),
was judged to be at stage V on the left side 80 days post onset; the somatosensory deficit in
the left upper limb was severe at 80 days. There were no motor or somatosensory deficits in
the right upper limb. The biceps and triceps brachii reflexes of the left upper limb were hyper-
reflexive. Hoffmann’s reflex and Tromner’s reflex for the left upper limb were negative. Mild
cognitive impairment was also observed (22/30 points in the Mini Mental State Examination).

MMs had not been observed prior to admission to the acute-care hospital. We first iden-
tified MMs on the 80th day post onset. MMs in the affected left hand were observed during
the performance of numerous ADLs. When the patient tried to gesture using the unaffected
right hand (such as waving, forming a fist), synchronized MMs were observed in the affected
left hand (Fig. 2a, b; online suppl. Video; for all online suppl. material, see www.karger.com/
doi/10.1159/000525907). The MMs in the affected hand could not be suppressed even when
the examiner verbally instructed the patient to only perform movements with the unaffected
hand. In addition, MMs of the unaffected right hand were not observed during the voluntary
movement of the affected left hand. MMs were absent from the lower limbs. Movement
disorders such as tremor, hemichorea-hemiballismus, and hemidystonia were not observed
during movement of the affected hand.

While performing bilateral upper extremity tasks using tools, the affected hand is needed
to support object manipulation performed using the unaffected hand to stabilize objects. The
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Fig. 1. Magnetic resonance imaging findings. Diffusion-weighted imaging on admission showing infarction
in a large region of the right postcentral gyrus and a small region of the right precentral gyrus.

patient could not use the affected hand to support performing tasks such as using a mallet or
saw (Fig. 2¢; online suppl. Video), nail puller, spoon, or eraser (Fig. 2d); flipping over a page;
cutting a piece of paper with scissors; tying a string; and folding a piece of paper. For example,
when the patient performed the movement of rubbing an eraser back and forth on a piece of
paper with the unaffected hand, MMs in the affected hand were observed synchronizing with
the movements of the unaffected hand, and he could not hold the piece of paper. When the
patient used a saw with the unaffected hand, MMs in the affected hand synchronized with the
movements of the unaffected hand.

The patient complained of having no control over his hand movements and that the
hand felt unnatural (as if it was not his hand). We proposed the implementation of a reha-
bilitation program to reduce the occurrence of MMs, and the patient complied. Repetitive
practice of actual movements was conducted to suppress the MMs of the affected hand
during unaffected hand movements associated with bilateral hand movements. For example,
the participant was asked to perform tasks that required him to stabilize the affected hand,
such as using erasers, scissors, and executing writing tasks. He was repeatedly trained to
voluntarily stabilize the affected hand by visually confirming whether MMs occurred or by
providing feedback to the therapist. In addition to the bilateral upper extremity tasks, the
following exercises were performed using only the affected hand: peg manipulation using
apegboard, transferringaring,and wiping a table with a cloth. The exercises were performed
40 min daily for 114 days. However, the MMs persisted and were still present at the time
of discharge.

Discussion/Conclusion

Movement disorders, such as hemichorea-hemiballismus, hemidystonia, and isolated
tremor, are observed in only 0.8% of patients with acute stroke. Although these are rarely
observed, a differential diagnosisis necessary to determine the type of movementdisorder
that is occurring [13]. In the present case, synchronous movement of the affected hand
due to unaffected hand movement was observed, and no tremor, hemichorea-hemiballismus,
and hemidystonia were observed during affected hand movement. Cases of hemichorea-
hemiballismus and the occurrence of MMs have been reported [14]; however, it is suspected
that MMs occurred independently of other movement disorders in this case.
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Fig. 2. Mirror movements (MMs) during unilateral and bilateral hand movements. During movement of the
unaffected right hand, MM appears in the affected left hand. a The examiner instructs the patient to perform
flexion and extension of the fingers using only the right hand, but flexion and extension of the fingers also
occur in the left hand. b The examiner instructs the patient to perform flexion and extension of the right index
finger (white arrow), but flexion and extension of the left index finger also occur (black arrow). ¢ Operation
of a saw with the right hand. As the right hand is used to operate the saw (white arrow), the left hand flexes,
and the tube held with the left hand is not stable (black arrow). d Using an eraser with the right hand. When
the eraser is rubbed against the desk with the right hand, the left hand, which is holding a piece of paper, falls
off the desk (black arrow).

In the present patient, MMs of the affected hand were observed during and interfered
with the performance of several ADLs, including unilateral and bilateral tasks. In a previous
study, MMs in the affected hand were evaluated via simple unilateral movements of the
unaffected hand, such as active pronation and supination of the forearm, flexion, extension
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Table 1. The tasks of observing MMs in affected
left hand

Task

Unaffected right-hand task
Waving
Forming a fist
Gesture of rock-scissors-paper
Using a spoon
Flipping over pages
Bilateral hand task
Hitting with a mallet
Using a saw
Using an eraser
Cutting a paper with scissors
Tying a string
Folding a piece of paper

movements of the wrist, independent finger movements, rapid finger tapping [10], and grip
tasks [1, 12]. Here, we report one of the first cases of stroke-induced MMs of the affected hand
elicited by movements of the unaffected hand observed during the execution of bilateral
upper limb tasks and the performance of ADLs.

MMs were observed in the resting affected hand during unilateral movements of the
unaffected hand (Fig. 2). Moreover, MMs were also observed in the active affected hand when
the patient attempted to stabilize objects with the affected hand and to use tools with the
unaffected hand (e.g., using a hammer, using a saw, using an eraser, cutting a piece of paper
with scissors) (Table 1). These observations suggested that the MMs in the present patient
were not elicited by specific movements, but by any movement of the unaffected hand.
Furthermore, it was shown that the MMs of the affected hand were large, involuntary move-
ments occurring even when the affected hand was in sustained voluntary contraction to
support the unaffected hand or to stabilize an object.

Various forms of bilateral coordinated movement training were employed to improve the
patient’s ability to perform ADLs. However, even after 40 min of training per day for 114 days,
the MM symptoms did not improve, and the affected hand could not be used to assist the unaf-
fected hand. The clinical progression of this case is in line with that reported by a previous
study [11]. Etoh et al. [11] reported that MMs were caused in the affected hand by temporal
movement of the unaffected hand. Unaffected side opening and closing exercises were
performed with ball gripping on the affected side, which slightly suppressed the MMs. Thus,
our case findings and those of Etoh et al. [11] imply that MMs generated in the affected hand
after stroke may be prolonged.

Various interventions have been reported to be effective for motor training aiming at
functional recovery of the affected hand [15-18]. In the present study, we implemented
interventions including exercises using the affected hand alone as well as bilateral upper
extremity tasks [17]. In addition to these interventions, mirror therapy has also been
reported as an effective motor intervention for functional recovery of the affected hand. In
mirror therapy, a mirror is used to reflect the moving unaffected hand in the position of the
affected hand, affording the patient the illusion that the affected hand is moving [19-21].
In cases such as the present one, where MMs of the affected hand were caused by unaffected
hand movements, it may be preferable to avoid applying mirror therapy because of the risk
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of exacerbating the MMs. Further study is needed to develop an effective training program
for the affected hand.

The duration of the intervention and follow-up period are limitations of our study.
Ohtsuka et al. [8] reported the case of a patient with stroke and MMs in the unaffected hand
where the effects associated with affected hand function gradually decreased over 13 months.
Ejaz et al. [9] examined the progress of 53 patients with stroke from onset to 370 days after
stroke and reported that MMs appeared early after stroke and decreased with functional
recovery of the affected hand. Furthermore, Kim et al. [22] reported the case of a patient with
congenital MMs lasting 10 years, from the age of 9 to 19 years, whose MMs improved more
than expected. In our case, the interventional period lasted 114 days, which may have been
too short to observe improvement in the MMs, and it is not clear whether the patient
continued to experience problems or showed improvement in his ADLs after discharge. In
future research, it will be necessary to implement long-term interventions for MMs on the
paralyzed side for several months or years. The second limitation is the mechanism of
MMs in this case. Various neural mechanisms have been postulated to be involved in MMs,
such as ipsilateral corticospinal pathways, bilateral motor neuron branching, bilateral
motor cortex activity associated with interhemispheric contacts, and common inputs from
higher motor areas to bilateral motor cortex [23]. Neurophysiological tests such as elec-
troencephalography, evoked electromyography, and coherence analysis are necessary to
clarify the mechanism of MMs [11, 23-27]. Therefore, these neurophysiological tests
should be conducted in the future to clearly elucidate the mechanism of post stroke MMs
and its relationship to our clinical findings.
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