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Mirror movements (MMs) are specifically defined as involuntary movements occurring

on one side of homologous muscles when performing unilateral movements with the

contralateral limb. MMs have been considered a kind of soft neurological signs, and

the persistence or reappearance of MMs in adults is usually pathologic. In addition to

some congenital syndrome, MMs have been also described in age-related neurological

diseases including pyramidal system diseases (e.g., stroke, amyotrophic lateral sclerosis)

and extrapyramidal disorders (e.g., Parkinson’s disease, essential tremor). With the

advances in instrumentation and detection means, subtle or subclinical MMs have been

deeply studied. Furthermore, the underlying mechanism is also being further elucidated.

In this mini-review, we firstly discuss the MM examination means, and then review the

literature regarding MMs in individuals with acquired neurological disorders, in order to

further understand the pathogenesis of MMs.

Keywords: mirror movements, acquired neurological disorders, transcranial magnetic stimulation, mirror activity,

motor evoked potential

INTRODUCTION

Mirror movements (MMs) refer to involuntary movements that appear during voluntary activity
in the contralateral homologous muscles. Alongside associated movement and contralateral motor
irradiation, MMs are a form of motor overflow phenomena (1–3). However, compared with
the other forms, MMs have received the most attention from researchers. Physiological MMs
may present during infancy stage in healthy children and persist until around the age of 10
years. They can also be elicited in healthy young and older adults under conditions of severe
fatigue, intense physical activity, movements involving large force generation, and proximal
muscle use (4, 5). Persistence of involuntary synkinetic mirror movements of the opposite limb
is considered pathological.

MMs can be seen in a number of congenital diseases including Klippel-Feil syndrome (6),
X-linked Kallman’s syndrome (7), and hemiplegic cerebral palsy (8). Cerebral palsy is usually
caused by damage that occurs to the immature brain as it develops, most often before birth.
Ipsilateral corticospinal tract reorganization is the most accepted theory (9). MMs may also
emerge later in life along with neuropsychiatric disorders, such as those associated with lesions
in the pyramidal system, that is, stroke (10) and amyotrophic lateral sclerosis (ALS) (11), or
extrapyramidal diseases such as Parkinson’s disease (PD) (12, 13) and essential tremor (ET) (14).
As the result of evolutionary advances in instruments and detection methods, such as surface
electromyography (EMG) techniques, transcranial magnetic stimulation (TMS), and functional
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brain imaging, subtle mirroring or subclinical MMs have been
fully revealed and the underlying mechanisms of MMs have
been studied comprehensively (2). In addition to cortical origin
theories, a subcortical contribution has been proposed. The
goal of the current paper was to review the extensive literature
regarding MMs in individuals with acquired neurological
disorders while acknowledging the involvement of MMs in
psychiatric disorders (15).

EVALUATION

Clinical MMs
Clinical MMs or overt MMs are usually evaluated according
to the methods of Woods and Teube (8, 16). Participants are
instructed to perform sequential unilateral voluntary motor tasks
with either the right or left limb such as finger tapping, fist
rotation, finger alternation, opening and closing of the hand,
hand pronation-supination, and ankle flexion-extension foot
taps. During these activities, patients are asked to rest their
inactive arm in their lap and plant their inactive foot lightly
on the ground. During the assessment, clinicians can refer to
the items on the motor subscale of the Movement Disorder
Society-sponsored revision of Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) (finger tapping, UPDRS item 3.3; rapid
hand opening and closing, item 3.4; rapid pronation-supination
movement of hands, item 3.5; and toe tapping, item 3.6) (17, 18).

Motor performance can be videotaped for scoring according
to a three-item scale. Evaluation of mirroring severity often
includes three aspects: amplitude (range of excursion of the
fingers and wrist for hand MMs, or that of the ankle for foot
MMs), distribution (extent to which the movements matched
those of the limb performing the task), and proportion (fraction
of time during which movements were noted). When assessing
patients with PD, it is optimal to score MMs in both the “on” and
“off” phases (19, 20).

Electromyographical MMs (e.g., Mirror

Activity)
For subjects without clinical evidence of MMs, surface EMG
techniques can be used to detect subtle mirroring in the mirror
hand (13, 20, 21). Researchers usually use the term mirror
activity (MA) to describe the neural concomitant of mirrored
EMG activity. Involuntary mirror EMG activity may be recorded
when patients keep light background isometric (tonic) muscle
contraction in themirror limbwhile performing voluntary phasic
contractions with the opposite, homologous muscle. Subjects
were also usually asked to make a unilateral phasic task (e.g.,
contraction of abductor pollicis brevis as “brief and brisk” as
possible; self-paced sequential finger-thumb oppositions) (11,
21). The most common recording sites include the bilateral
first dorsal interosseous (FDI), abductor pollicis brevis (APB),
flexor digitorium super ficialis (FDS), and tibialis anterior
(TA) muscles.

Themean EMG amplitude wasmeasured in themirrormuscle
during the 50ms after burst onset in the voluntary one and
expressed as a percentage of the mean background EMG level
in the mirror muscle in a time window of 1 s before voluntary

muscle burst onset. Besides, the absolute values of the peak
amplitude of the EMG burst in the voluntary muscle and of the
mean background EMG level in the mirror one were obtained
(21). These surface EMG techniques have been used in different
groups of people, such as those with PD (21), ALS (11), and
normal adult subjects.

MM Potential Elicited by TMS
Transcranial magnetic stimulation (TMS) is a safe, non-invasive
technique that has been used to obtain important information
about cortical function (22). TMS delivers electromagnetic pulses
to the cerebral cortex through a magnetic coil. When a single
pulse of TMS is applied to an inactive region of the primary
motor cortex (M1) with satisfactory intensity, it can depolarize
corticospinal neurons and elicit a contraction in the contralateral
targetmuscles. This contraction can be recorded via surface EMG
and is described as a motor-evoked potential (MEP) (22). While
a single contralateral MEP is expected, bilateral MEPs (at similar
or slightly shorter latencies) may indicate an active ipsilateral
corticospinal tract. The application of TMS to an active motor
cortex will initially induce a facilitated response followed by
the suppression of tonic activity (i.e., a silent period) (15, 23).
Normally, ipsilateral motor-evoked potentials (iMEPs) can be
detected in healthy children under the age of 10. From the age
of 10 onwards, iMEPs are not detected (24). iMEPs have been
reported in patients with congenital mirror movements (CMM)
(25), stroke (26–28), and ALS (29).

CLINICAL CHARACTERISTICS OF MMs IN

DIFFERENT ACQUIRED NEUROLOGICAL

DISEASES

MMs in PD
Clinical Characteristic
PD is a progressive neurodegenerative disorder characterized
by the loss of pigmented cells in the substantia nigra.
The clinical features include bradykinesia, rigidity, and/or
resting tremor. MMs have been previously reported to occur
in 29–95.7% of PD patients (12, 13). The differences in
MM prevalence among studies were mainly related to the
symptom severity and assessment methods. MMs mainly
occur on the less-affected side in patients with asymmetric
parkinsonism (Supplementary Video 1). In addition, the MMs
had a significant linear correlation with the asymmetry degree
of motor deficits. The presence of MMs on the less-affected
side were more frequently observed during alternate movements
or repetitive flexion/extension movements of the wrist than for
finger tapping (17, 30). MM severity was also correlated with
the “on” and “off” states such that mirroring was slightly greater
when the patients were off medication (21). However, Chatterjee
et al. found that MM scores were higher for lower limb tasks
in the on phase (12). By applying surface EMG in PD patients
without overt MMs, Cincotta found that MA during intended
unimanual movements was significantly enhanced compared
with age-matched or young healthy volunteers (21). Sharplesa
further compared MA in PD patients with and without overt
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MMs with that in controls (31). They found that MA was
enhanced in both PD groups during submaximal contractions,
and that the incidence of MA was significantly higher in PD
patients with overt MMs (31). A longitudinal assessment showed
that MMs persisted beyond 5 years of disease evolution and for at
least 2–3 years after the onset of dopaminergic treatment. MMs
are known to diminish as PD progresses, so they are considered
an early sign of PD.

In PD subjects, dopaminergic therapy has a significant effect
on MMs. The better the motor response to dopaminergic drugs,
the more obvious the mirroring is in asymmetric idiopathic PD.
It has been speculated that the improvement in bradykinesia and
rigidity on the less-affected limbs after dopaminergic treatment
may facilitate more MMs to occur (32). To support this
speculation, we observed that MMs occurred in a PD patient
with levodopa-induced dyskinesia (Supplementary Video 2).
The effect of dopaminergic drugs has also been studied in patients
without overt MMs, using surface EMG of right and left APB
contractions (30). In this study, the magnitude of EMG-detected
mirroring was slightly greater in the off compared with the on
state, although this difference was not significant (19).

Pathophysiology
Cortical and subcortical mechanisms have been proposed to
explain the MM phenomenon in PD patients. Since MMs
mainly present in the early phases of the disease, particularly
in individuals with asymmetric motor symptoms, potential
underlying mechanisms include disturbed interhemispheric
balance of cortical excitability, movement lateralization, and
transcallosal inhibition (20).

Several researchers have examined the pathophysiological
mechanism of MMs in PD patients via surface EMG analyses
combined with focal TMS. Cincotta et al. showed that focal TMS
of the primary motor cortex (M1) could elicit normal MEPs in
the contralateral abductor pollicis brevis (APB), but not in the
ipsilateral hand. During both mirror and voluntary movements
of one hand, TMS of the contralateral M1 produced a similar,
long-lasting silent period (SP), but TMS of the ipsilateral M1
produced a short SP. During either mirror or voluntary APB
contraction, paired-pulse TMS elicited a reduction in short-
interval intracortical inhibition in the contralateral M1 (33).
Furthermore, Li demonstrated that in PD patients with unilateral
MMs, the SP in the hand ipsilateral to the one affected by
MMs was shorter than that in the unaffected hand and that in
controls (34). An ipsilateral SP (iSP) is a TMS-based measure of
inhibition between the bilateral M1, likely due to transcallosal
inhibitory circuits. The presence of an iSP suggests that MMs
in PD may be caused by decreased interhemispheric inhibition,
leading to increased motor output from the M1 ipsilateral to the
voluntary movements, through crossed corticospinal pathways.
Sharples et al. studied MA during maximal and submaximal
finger contractions in PD patients and used TMS in a paired
pulse paradigm to evaluate interhemispheric inhibition (IHI) of
the ipsilateral motor cortex. They found that while ipsilateral
motor cortex excitability was the highest in PD patients with
overt MMs, IHI did not differ between PD patients and controls.
Furthermore, while 5Hz rTMS to the supplementary motor area

(SMA) reduced IHI in PD patients without MMs, it did not affect
MA (31). The above findings indicate that decreased IHI may not
be the unique contributor to overt MMs in PD. Instead, MMs
in this population may be due to the combination of enhanced
ipsilateral motor cortex excitability and an earlier onset of EMG
activation in the mirror hand.

A functional magnetic resonance imaging (fMRI) study (35)
showed that MMs in patients with asymmetrical PD were
associated with deactivation of the non-mirroring inhibitory
network (dorsolateral prefrontal cortex, presupplementarymotor
area), as well as overactivation of prokinetic areas (especially
the insula). In drug-naive PD patients with only right
hemiparkinsonian symptoms, fMRI showed decreased activity
in the left putamen and left supplementary motor area but
increased activity in the right primary motor cortex, right
premotor cortex, left postcentral gyrus, and bilateral cerebellum.
The connectivity from the left putamen to cortical motor regions
and the cerebellum was decreased, while interactions between
the cortical motor regions, cerebellum, and right putamen were
increased in this population (36). This suggests that dysfunction
of the striatal-cortical circuit might be a subcortical explanation
for some motor deficits in PD, such as MMs.

MMs in Corticobasal Syndrome
Corticobasal syndrome (CBS) is a clinical syndrome presenting
with progressive asymmetric bradykinesia, rigidity, and dystonia
accompanied by multiple cortical signs. MM is considered
a cortical sign of CBS, which can occur independently or
accompany with other cortical signs, such as apraxia, alien limb
phenomena, cortical sensory loss, and myoclonus. CBS is highly
heterogeneous in pathology and is associated with different
pathological conditions including corticobasal degeneration,
progressive supranuclear palsy, Alzheimer’s disease, Creutzfeldt-
Jakob’s disease, and dementia with Lewy bodies (37). Recently,
Paramanandam et al. (38) reported a middle-aged woman
with progressive left-hand dystonic posturing and ideomotor
apraxia, as well as MMs of upper limbs and stimulus-sensitive
myoclonus, initially diagnosed with probable CBS. However,
neuropathological examination showed widespread glial
cytoplasmic alpha-synuclein accumulation in the corticopontine
fibers, pontine gray matter, and oligodendroglia, and the final
pathological diagnosis was multiple system atrophy (38). MMs
of CBS occur predominantly in the left hand, which is the more
affected side (38, 39).

MMs in Essential Tremor
ET is one of the most common movement disorders. It is
characterized by bilateral limb kinetic/postural tremor, with or
without tremor in other body parts including the head and lower
limbs, as well as vocal tremor. Louis et al. first reported MM
phenomena in ET patients in a clinical-epidemiological study,
where MMs were present in 32.7% of ET cases (14). However,
in another clinical-epidemiological study, the prevalence was
as high as 77.7% (40). Although both studies used videotaped
neurological examinations to evaluate MMs, the two samples
differed substantially in terms of the patient age as well as disease
duration and severity. MMs were most common and most severe
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in ET cases with rest tremor, but there was no correlation with
age, tremor duration, or severity, or with MMSE scores. There
is a substantial body of evidence to support the idea that some
ET patients have an increased risk of developing PD (41). Besides
tremor, MMs seem to be another overlapping clinical feature of
ET and PD.

At present, no studies have examined the pathophysiological
mechanisms of MMs in ET. Whether ET patients with both rest
tremor and MMs have a higher chance of progressing to PD
remains to be confirmed by longitudinal cohort studies.

MMs in Amyotrophic Lateral Sclerosis
Clinical Characteristic
ALS, also known as Lou Gehrig’s disease, is a neurodegenerative
disorder characterized by progressive and selective degeneration
of both upper and lower motor neurons, usually in an
asymmetrical manner. Physical signs of upper motor neuron
(UMN) degeneration include hyperreflexia, increased muscle
tone with spasticity, and an increased extensor plantar response.
However, clinical signs of UMN degeneration are often difficult
to elicit in patients with ALS, and there are few accepted and
reliable markers for monitoring UMN abnormalities (42, 43).

Overt MMs have been reported in 25%−39% of ALS patients
with or without clinical signs of UMN degeneration (11, 44, 45)
and are considered to be an early sign of UMN damage in this
population. MMs may present in all stages of the disease, and
the occurrence of MMs is significantly correlated with scores on
the revised ALS functional rating scale. MMs were stronger in
patients with greater symptomology (11).

Krampfl identified MMs clinically in 27% and
electromyographically in 50% of ALS patients. Using EMG
combined with TMS (unilateral stimulation via TMS while
recording MEPs from the bilateral abductor pollicis brevis
muscle simultaneously by means of surface electrodes), iMEPs
following TMS were detected in 61% of all ALS patients, and
in 47% of patients with suspected ALS without clinical UMN
signs (11). This suggests that TMS in conjunction with EMG
to record iMEPs is a sensitive method for detecting MMs, and
that this approach was superior to mere clinical observation or
contralateral EMG recordings.

Pathophysiology
The cortical silent period, which mainly represents cortical
inhibition, is a period of EMG silence during muscle contraction
following a TMS-evoked motor response (46). Wittstock
reported that ALS patients with MMs had disturbed transcallosal
inhibition (TI), for example, prolongation of latency or loss
of the iSP in at least one hemisphere. The involvement of
transcallosally projecting intracortical inhibitory output neurons
may commence at early stages of the disease. Recently, Wittstock
attempted to elucidate the functional and structural alterations of
callosal integrity in ALS patients with MMs by means of TMS
and diffusion tensor imaging (45). They investigated the iSP
as a measure of transcallosal inhibition, and diffusion changes
in the corpus callosum and corticospinal tract as a measure of
structural integrity. The results showed that ALS patients with
MMs had a prolongation of latency or loss of iSP, but no changes

in diffusion in the corpus callosum. Thus, functional disturbances
of transcallosal pathwaysmay precedemicrostructural changes in
the corpus callosum (47).

MMs in Stroke
Clinical Characteristic
MMs have been reported as a complication of hemiplegic stroke,
both in cortical and subcortical structures (internal capsule,
basal ganglia, brain stem, etc.) (10, 28, 48–51). MMs are
usually observed in non-paretic limbs when patients move the
paretic limb and mostly occur in the hands, although they are
occasionally present in the leg or foot. The incidence of MMs in
stroke patients ranges from 54.8 to 70% (51). This variation may
reflect differences in the sensitivity of MM detection methods.
Compared with stroke patients without MMs, those withMMs in
the unaffected hand exhibit greater motor deficits in the paretic
hand, and the magnitude of MMs is correlated with the severity
of motor dysfunction (48).

Few studies have examined the time course of MMs in stroke
patients. Chieffo showed that MMs presented at the acute phase
(4–12 days) in subcortical infarction patients and had decreased
significantly at 1 month poststroke (28). Ejaz found that MMs in
the non-paretic hand were robust immediately after a first-time
stroke (Week 2) but progressively diminished over the following
year with a time course that paralleled individuation deficits in
the paretic hand (52). Ohtsuka conducted longitudinal follow-
ups to assess MMs after right pontine infarction. They found that
MMs decreased with time and that this decrease was concomitant
with an improvement of motor function in the affected hand
(53). However, the first follow-up assessment took place 3months
after the stroke, which was later than in the study by Ejaz (52).
The severity of MMs in the unaffected hand is closely related
to the motor function in the affected hand. Generally, MMs in
the unaffected hand change over time but persist in patients with
poor outcomes.

Pathophysiology
Functional brain imaging has provided insights regarding the
mechanisms underlying MMs in the unaffected hand after an
adult-onset stroke. One possible explanation is hyperactivation
of the non-lesioned hemisphere after stroke.

Positron emission tomography studies of patients with adult-
onset stroke and MMs in the unaffected hand during active
movements of the paretic hand have shown a significant increase
in regional cerebral blood flow in the unaffected sensorimotor
cortex (54). fMRI studies have also reported increased activity
in the non-lesioned sensorimotor cortex poststroke (55). Activity
in the contralesioned sensorimotor areas might lead to MMs
in the non-paretic hand via the crossed corticospinal tract.
However, Ejaz studied finger recruitment patterns in the non-
paretic hand during mirroring using a custom-built ergonomic
keyboard and reported that evoked BOLD fMRI responses
in S1/M1 were remarkably stable throughout recovery. They
found no overactivation in the sensorimotor cortices in either
hemispheres. The author speculated that MMs after stroke had a
subcortical origin, such as the reticulospinal system (52). Using
the H-reflex technique to test the spinal excitability of resting
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muscles, Caronni observed abductor pollicis brevis and abductor
digiti minimi H-reflexes in the paretic hand in stroke patients.
This suggests the presence of increased spinal excitability in the
muscles of the paralyzed hand, because H-reflexes are rarely
recorded in healthy subjects (56).

DISCUSSION

Mirror movements is a rare physical sign which can be elicited
both in pyramidal as well as extrapyramidal disorders. In PD,
ALS, and stroke, MMs usually occur in the early stages and
may disappear with disease progression. MMs is associated
with asymmetry of parkinsonism of PD and also influenced by
dopaminergic therapy. MMs were most common and severe in
ET cases with rest tremor, indicating those patients may have
an increased risk of developing PD. For ALS, MMs have been
reported in patients with or without clinical signs of UMN
degeneration, and they were more obvious in those with greater
motor dysfunction. The value of this mirroring phenomenal to
represent an early UMN sign needs further exploration.

From another perspective, MMs can be seen in patients with

hyperkinetic and hypokinetic disorders. Huntington’s disease

(HD) is a representative of hyperkinetic disorder, and its
hallmark symptom is the presence of progressive chorea. MMs
have been reported in HD, and the degree of MMs in HD
was positively correlated with overall motor symptom severity
(57). Considering that HD is a hereditary disorder caused by
an autosomal dominant mutation, we did not discuss MMs in
HD as a separate section, which is a limitation of our text.
We found that there were no direct comparison studies of
MMs among patients with hyperkinetic or hypokinetic disorders.
We speculated that MMs was closely related to the asymmetry
of motor dysfunctions in hyperkinetic disorders, while to the
severity of motor symptoms in hyperkinetic ones.

Cortical and subcortical mechanisms have been proposed
to explain the MM phenomenon both in pyramidal (ALS) as
well as extrapyramidal (PD) disorders. In hemiplegic stroke
patients, the presentation ofMMs both in acute lesions of cortical
and subcortical structures (internal capsule, basal ganglia, brain
stem, etc.) may further support its different origins. The
exact pathophysiology of MMs and their discrepancy among
different diseases or stages require further investigation in
both healthy and patient populations via a range of new
emerging technologies.
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