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Experimental studies have demonstrated that observation of motor actions induces activation in the observ-
er of the same areas of the brain activated on physical execution of these actions and that this can induce the
same plastic changes in the motor system of the observer as real physical training. This raises the question
of whether observation of motor actions could be used to restore lost motor skills and acquire new skills.
This review presents behavioral and neurophysiological data on the use of observation of motor actions in
healthy people and in clinical conditions for rehabilitation (improvement) of movements.
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Among novel approaches to the treatment of motor im-
pairments, the most popular are the so-called “bottom-up
treatment schemes,” which presume intense use of the im-
paired limbs with the aim of facilitating plastic changes in
the brain [82]. The main proposition underlying these meth-
ods is that repeated active movements of the paretic limb
induced by the patient him- or herself can promote improve-
ments in its functionality due to reorganization of the cen-
tral nervous system [40]. The training action or movement
should be repeated without regard to the quality of execu-
tion — patients should relearn the movement whose execu-
tion quality has declined as a result of pathology [82].

Apart from the “bottom-up treatment schemes,” novel
approaches include “top-down schemes,” where the physi-
cian seeks to act on the brain by other means with the aim of
initiating plastic changes: these involve neuron activation
linked with imaginary motor actions or observed actions
[40]. This means is based on data indicating that imagina-
tion or even simple observation of motor actions performed
by a person (or monkey) activate the same structures in the
observer’s brain as are activated by physical performance of
the observed actions [78, 80]. Although observation of mo-
tor actions has long been known to have positive effects on
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motor learning, use of this approach in neurorehabilitation
only started rather recently and the theoretical basis of this
therapeutic approach is linked with the discovery of so-
called mirror neurons [40].

Observed motor actions have some advantages over
imaginary movements. For example, observation of actions
is subject to well controlled and quantitatively measurable
stimulation volumes. On the other hand, imaginary move-
ments are poorly controlled subjectively, their use relies
mainly on the patient’s report, and the ability to imagine
movements varies significantly from person to parson and
can only be assessed indirectly [6].

Mirror Neurons. Interest in processes associated with
observation of motor actions was elicited by the discovery
of mirror neurons in the cerebral cortex of monkeys about
three decades ago: researchers found by chance that when a
monkey passively observed the experimenter taking a piece
of food, its premotor cortex displayed activation of the same
neurons as would be activated if the animal itself had per-
formed the movement [64]. Neurons discharging both on
execution of a motor act and on observing others perform
the act were termed mirror neurons [35]. These were initially
found in the ventral premotor area F5 of macaques [37, 44]
and then among neurons in the inferior parietal lobes [43].
The network containing these neurons came to be termed
the mirror neuron system [75]. However, subsequent stud-
ies showed that neurons in the dorsal premotor cortex [72],
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the supplementary motor area [61], the primary motor cor-
tex [38, 71, 87], and the superior parietal, middle parietal,
intraparietal, and parietal-occipital areas of the cortex [84]
can respond to both observation and performance of actions.
The more extensive network of areas involved in observation
of actions is sometimes termed the action observation net-
work, in which the classical mirror neuron system, located
ventrally, is regarded as a subcomponent, though the func-
tional differences in the interaction between them are unclear
[42]. It should be noted that as long ago as 1979, Hyvérinen
and Shelepin [51] reported neurons in the parietal cortex be-
ing activated both on exposure to visual stimuli and on per-
formance of movements with the hands or lips. However, it
cannot be accepted unconditionally that these were neurons
of the class later termed mirror neurons, as the authors of the
study cited did not assess the link between observed and per-
formed movements, while the distinguishing feature of mir-
ror neurons is activation on observation and performance of
the same movement (or the same sequence of movements).

Since the discovery of these neurons in monkeys, re-
searchers have sought to establish the existence and charac-
teristics of analogous mirror neurons in humans. However,
most studies have used indirect methods to address this,
such as functional magnetic resonance imaging, electroen-
cephalography, and transcranial magnetic stimulation [1].
Neuron activation detected by tomography in areas homol-
ogous to the mirror neuron system of monkeys on observa-
tion of actions is very likely to represent activation of a hu-
man mirror neuron system. There are very few direct data
on the existence of mirror neurons in the human brain.
However, there is extensive evidence that simple observa-
tion of movements evokes changes in the human motor sys-
tem and that this phenomenon can be taken as evidence of
some kind of link between the observation of an action and
its execution in the human brain [64].

As ethical considerations do not allow single-neuron
activity to be recorded in humans for purely scientific pur-
poses, direct evidence for the existence of mirror neurons in
humans has until recently been unavailable. Relatively re-
cently, diagnostic recordings using intracranial electrodes
have recorded neuron responses in the human brain to both
observation of an action and its execution. These data most
likely constitute the long-awaited direct evidence that a mir-
ror neuron system exists in humans. They also confirm the
extensive results obtained using neuroimaging methods and
transcranial magnetic stimulation. Report [61] described re-
cording of extracellular activity of single neurons in the me-
dial frontal and temporal areas of the cortex while patients
picked up various objects with their hands or watched the
same actions performed by other patients. A significant pro-
portion of neurons in the supplementary motor area and hip-
pocampus responded to both observation and performance
of such actions. A subgroup of these neurons showed activa-
tion during performance of an action and inhibition on ob-
servation of the action [61].
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Overall, it has been proposed that the posterior part of
the inferior frontal gyrus, including Broca’s area and the
ventral part of the inferior precentral gyrus, along with the
supramarginal cortex and rostral part of the inferior parietal
lobe constitute the main elements of the human mirror neu-
ron system [80].

Observation of actions has been studied using a vari-
ety of methods, which have shown that it induces not only
higher-level visual representations, but also, and more im-
portantly, representations arising as a result of automatic
visuomotor transformations, known under the almost in-
terchangeable terms “motor imitation,” “motor resonance,”
or “mirror mechanism” [14]. Rizzolatti [78] wrote that the
mirror mechanism is a mechanism which transforms sensory
representations of the actions of others into motor represen-
tations of the same actions in the observer’s brain. According
to [76], every time a person sees an action performed by
someone else, the set of neurons in the observer’s motor sys-
tem supporting the action is activated. It has been suggested
that after processing in the visual system, visual information
is projected to the mirror neuron system, whose nucleus is
located in the frontoparietal areas of the brain [47].

Interesting data on the properties of mirror neurons
were reported by Cattaneo et al. [34]. This group recorded
motor evoked potentials in the muscle opposing the right
thumb during transcranial magnetic stimulation, when vol-
unteers observed the experimenter working with two types
of forceps — a set opened by extension of the thumb and
closing with flexion (“normal” forceps) and forceps open-
ing on flexion of the thumb and closing on extension(“re-
verse forceps”). In one trial, the experimenter also simply
opened and closed the forceps, while in another, the exper-
imenter used them to grasp an object. In addition, partici-
pants imagined working with standard and reverse forceps.
During observation of actions lacking a motor purpose (i.e.,
not grasping an object), the amplitude of motor evoked po-
tentials, regardless of the type of forceps used, reflected the
activation pattern of the muscle involved in carrying out the
observed action. During observation of purposeful actions,
potentials were modulated by the purpose of the motor ac-
tion: they increased during grasping of an object despite the
movement of the fingers used for this purpose in different
directions. On imagination of the actions, motor evoked po-
tentials reflected the muscle pattern required for carrying
out the imaginary actions. The authors took the view that
imagination of the action performed or observation of the
actions of the instrument lacking an aim led to activation
of the representation of the finger movements correspond-
ing to the observed actions. Conversely, observation of the
actions of the instrument with a specific purpose included
the distal part of the instrument in the observer’s body plan,
leading to representation of a higher order — representation
of the purpose of the motor act [34].

The main hypothesis for the mechanisms of the func-
tioning of the mirror neuron systems is that of mental sim-
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ulation of observed actions whereby we can reactivate the
representations of actions stored in motor memory, which
may help us understand the sense of observed actions and
which supports motor learning [40]. It is entirely likely that
observation of an action may, via the mirror neuron system,
play a role in learning motor skills [25]. According to [33],
the property[s of human mirror neurons are not fixed, but de-
velop via sensorimotor training, for example in the context
of social interactions. These results confirmed the idea that
the mirror neuron system has an important role in forming
memory, for example, in motor learning, in humans [33].

Behavioral and Neurophysiological Data Associated
with Observation of Actions. Among the extensive litera-
ture on the mirror neuron network, most attention in this
review if paid to results more closely associated with utiliz-
ing the observation of actions in clinical practice.

Observation of a complex motor action leads to an in-
crease in the number of brain areas involved in the activ-
ity as compared with observation of a simple action [46].
Observation of an action induces previously nonspecific fa-
cilitation of corticospinal excitability (around 90 msec from
the start of the observation) followed by a later modulation
of activity specific for the muscles involved in the observed
action (after 200 msec) [64, 65].

The involvement of brain areas activated by observation
of an action depends on the complexity of the action [46] and
on individual motor experience [31, 32]. Cerebral activation
can also be influenced by the type of observed/performed ac-
tion. In particular, higher levels of activation were seen during
transitive processes (i.e., during purposeful movements in-
volving an object, such as grasping a cup) than during a non-
transitive process (i.e., not associated with a specific object or
purpose) [9]. Familiarity with motor actions, determined by
how often they are performed or observed [32], increased the
recruitment of mirror neurons not only during transitive [32],
but also during nontransitive [70] processes.

In studies reported in [24], subjects were asked to ob-
serve movements associated and not associated with objects
performed by another person (movements of the hand, mouth,
or foot) during tomography scanning. Observation of actions
performed by different effectors activated different areas of
the premotor and parietal cortex. Thus, there is an effector-as-
sociated pattern of somatotopic activation not only during
physical performance and imagination of a movement, but
also during its observation. These authors also found a signif-
icant difference between activation patterns in object-linked
actions and non-object-linked actions: in the latter case acti-
vation was significantly lower or even absent [24].

Observation of hand movements even without subse-
quent physical imitation prevented corticomotor depression
induced by immobilization of the right hand for 10 h [15].

Data reported in [69] indicate that observation of a bi-
ological movement (for example, a person walking) activat-
ed an area of the superior temporal sulcus to a significantly
greater extent than observation of a nonbiological movement
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(movement of isolated limb segments in space). In studies
reported in [36], observation of biological movements led
to greater suppression of the p rhythm than observation of
nonbiological movements, while Shimada [85] showed that
activity in the mirror neuron system was sensitive to connec-
tions between the external appearance and movement kine-
matics of the individual being observed, especially when it
was of human shape. According to [81], although initial data
indicated that only biological stimuli activated the observa-
tion of actions network, more recent data have shown that it
is also sensitive to nonbiological stimuli.

The first results from studies on monkeys showed that
mirror neurons responded only to observation and perfor-
mance of object-oriented actions (such as grasping an object
or moving it to a defined location) but not on observation of
meaningless gestures (such as raising the hands, waving the
hands, simulating grabbing without an object) or movements
performed with instruments [44]. However, data on the activ-
ity of mirror neurons in these animals obtained later showed
that the presence of an object was not obligatory [54] and
that actions performed using instruments influenced mirror
neurons [41], observations of senseless movements of the
forelimbs not addressing any object also being effective [73].

In studies on monkeys, the authors of [29] found that
the responses of most of the mirror neurons tested changed
when the point of view from which the action was observed
was altered. Ge et al. [48] showed that observation of an
action from the point of view of the first and third persons
were associated with similar activation patterns in key ar-
eas of the mirror neuron system, though stronger activation
was seen in the former case and, apart from the main net-
work of the mirror neuron system, observation of actions
in both cases involved part of the basal ganglia and limbic
system, including the putamen, insula, and hippocampus.
Observation of actions from the first person was accompa-
nied by the greatest level of suppression of the p rhythm
[11]. Significant p desynchronization during observation of
an action was also reported by Hager et al. [49], Lapenta et
al. [56], and Marshall et al. [57].

Errante and Fogassi [39] studied the question of the
modulation of the observation of actions network during
observation of new complex actions outside the subject’s
personal motor experience. Healthy volunteers in these
studies, without any special motor skills, watched a video
demonstrating manipulations with the hands and objects
carried out by a specialist with high manual dexterity, an
actor with an intermediate level of training, and an unskilled
person. The results showed that observation of actions per-
formed by the unskilled person evoked stronger activation
in the dorsomedial parietal-premotor network, including the
superior parietal lobe and the dorsal premotor cortex than
observation of the specialist.

Observational Training. Observations of actions per-
formed by another person on assimilation of a new move-
ment is standard practice in daily adult life, for example in
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sport; this is an especially widely used procedure for devel-
opment of motor skills in childhood [16]. Physical imitation
is the ability of people to learn to perform actions which
they have seen; imitation presupposes learning and requires
a visible action to be converted into an identical motor ac-
tion performed by the observer [25].

The authors of [86] showed that physical and observa-
tional training (three 10-min sessions of performing or ob-
serving simple repeated thumb movements) induces a sim-
ilar functional reorganization of the representations of the
muscles of this thumb in the primary motor cortex, which
was apparent as qualitatively identical changes in the ratios
of motor evoked potentials in muscles and similar changes
in the kinematic characteristics of thumb movements in-
duced by transcranial magnetic stimulation of the primary
motor cortex. Changes induced by observational training
persisted for 8 min after training ended [86]. These data pro-
vided evidence that motor functioning could be improved
even by observation of simple movements and by observa-
tional training to motor skills, which did not have any clear
cognitive components [86].

In work reported in [13], healthy volunteers observed
motor actions to learn to carry out four different sequences of
pressing five computer keys with the fingers of the left hand.
Functional magnetic resonance imaging was run before and
after training. Comparison of the results of this study with
results reported in [84], in which volunteers were trained
to perform the same sequences but with physical training,
demonstrated a good relationship between the results of
observational and physical training, which is evidence that
there are common mechanisms underlying learning of motor
skills by physical and observational practice [13]. In addi-
tion, the authors showed that observational training to carry
out motor sequences led to the formation of specific patterns
of activity in the frontoparietal cortex by a means similar
that seen as a result of physical training, i.e., by functional
reorganization of the frontoparietal cortex [13].

Known experimental data can be used to suggest that
the observation of an action is its own kind of motor prim-
ing, as it can facilitate performance of the following move-
ment (action) [62]. Observation of an action is an approach
which promotes the occurrence of neuronal plasticity by
activation of the mirror neuron system [21].

In [58], healthy volunteers watched a video in which
people were trained to move in a novel mechanical environ-
ment. These volunteers showed significantly better results
on subsequent testing in the same environment than people
who did not observe movements in this environment. Thus,
by observing the attempts of another person to move appro-
priately in the novel mechanical environment, the observer
was able to formulate a representation of the mechanical
properties of the surrounding environment, which could be
used for performing the specified movement [58].

The view taken in [52] was that observation of the ac-
tion automatically triggered its mental imitation and there-
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fore facilitated subsequent performance of the real action.
According to [47], observation of an action not only shares
the pattern of cerebral activity with the physical execution,
but could also promote increases in the efficiency of the
movements. Most studies have shown that observation of
purposeful actions stimulates mental reconstruction of the
observed actions and facilitates their physical imitation [83].

The problem of motor training using the observation
of actions was addressed [27], where the cerebral activity of
“musically illiterate” study participants was evaluated using
functional magnetic resonance imaging in four situations:
1) observation of guitar chords performed by a professional
guitarist; 2) a pause after watching actions of the guitar-
ist; 3) physical imitation of the chords by the observer, and
4) while resting. The results showed that the basal network
underlying imitation learning consisted of the inferior tem-
poral lobe, the inferior fontal gyrus, and the adjacent areas
of the premotor cortex. This network starts to be activated
during observation of the performance of chords and re-
mains active until their physical performance by the observ-
er. During the pause and subsequent physical imitation, the
middle frontal gyrus (area BA46) plus structures involved
in motor preparation and performance (the dorsal premotor
cortex, superior parietal lobe, rostral medial areas, primary
motor cortex) also become active. Powerful activation of
the mirror neuron system in all phases from observation of
the action to performance of the action by the observer in-
dicates that the key process in physical imitation, i.e., trans-
formation of the visually encoded action to an identical mo-
tor action performed by the observer, rests on this network.

According to [27], on assimilation of new motor
patterns using observation and physical imitation, the ob-
served actions are resolved in terms of elementary motor
acts which, with the mirror mechanism, activate the cor-
responding motor representations in the inferior temporal
lobe in the premotor cortex, and the posterior part (tegmen-
tal part) of the inferior frontal gyrus. As soon as these motor
representations are activated, they are recombined so as to
correspond to the observed model. This recombination ev-
idently occurs within the limits of the area of the hypothet-
ical mirror neuron network in humans, perhaps area BA46,
which has an organizing role. This idea is reinforced by data
from [88], in which activation in area BA46 was compared
in experienced musicians and students. In fact, the results
demonstrated stronger recruitment of area BA46 in students
as compared with experienced musicians, as expected, on
the basis of the suggestion that that this area has signifi-
cance in the acquisition of new motor skills [88].

Report [74] showed that although observation of an
action evoked activity in brain areas analogous to those in-
volved in its physical execution and may also serve as an
effective instrument or motor training (or retraining), the
optimum conditions for such interventions remain to be es-
tablished. In this regard, the authors investigated the effects
of manipulating the background on corticospinal arousabil-



1022

ity. The results showed that the presence of additional visual
information in the background congruent with the observed
movement could facilitate corticospinal arousability. The
authors took the view that presentation of congruent con-
textual information could increase the effectiveness of the
observation of an action for motor training (retraining).

Factors such as the structure of the observed physical
actions, the level of expertise of the demonstrator, and the
use of feedback are important moderators for the effective-
ness of observational training [50].

In studies reported in [60], one group of volunteers
was trained to proprioception before observational training,
while another group was not. Results from observational
training in the first group were significantly greater than
those in the second. Thus, improvements in somatosensory
function could improve the results of subsequent observa-
tional training, which is evidence of the involvement of the
somatosensory system in observational training [60].

Most studies of the observation of actions have focused
on visual perception. However, other signals associated with
the action also act on the motor system [8]. This was first
demonstrated in monkeys, where neurons responded not only
to the observation of actions, but also to sounds produced by
the action [53]. In humans, motor facilitation on observation
of an action became maximal when action-associated audi-
tory and visual input signals were presented simultaneously
[59]. It should be noted that this result is associated with a
special motor mechanism, based on integration of multimod-
al signals linked with the action [16]. In fact, motor facilita-
tion increased only when the action had a specific acoustic
effect, while it was not modulated by stimuli not linked with
the action [10]. These results point to the opportunity to com-
bine visual information with auditory stimuli associated with
actions in rehabilitation protocols to increase the positive ef-
fects of training based on observation of an action [16].

Observation of Motor Actions in Clinical Conditions.
A novel approach to movement rehabilitation known as
observation of actions therapy (or “observation therapy”)
takes advantage of the mirror mechanism for treating mo-
tor impairments [21, 23, 83, 92]. During a typical session,
patients observe a quotidian action and then perform (or try
to perform) it [23, 51]. Combining observation of an action
with its physical imitation currently appears to be the most
fertile approach [40]. Activation of the motor zones of the
brain by observation quite quickly weakens and can even
disappear if the observation and the physical imitation of
the movement are separated by a long time interval, indicat-
ing that the time interval between these two events plays an
important role in consolidating the effects of observation of
an action [18]. Observation of an action without subsequent
physical imitation produced no more than a tendency to im-
provement in postural control in healthy subjects [47].

In his review, Buccino [23] provided the following de-
scription of a rehabilitation session: “Patients are required
to observe a specific object-directed daily action presented
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through a video clip on a computer screen, and afterwards
to execute what they have observed. Only one action is
practiced during each rehabilitation session. The presented
action is divided into three to four motor acts. For exam-
ple, the action of drinking coffee can be decomposed into
the following motor acts: (i) pouring coffee into the cup,
(ii) adding sugar, (iii) turning the spoon and finally (iv)
bringing the coffee to the mouth... Each motor act is ... seen
from different perspectives... After observing a motor act
for 3 min (observation phase), patients are required to im-
itate what they observed for 2 min (execution phase)... As
a whole, a typical AOT rehabilitation session takes half an
hour. A few minutes are needed by the physiotherapist to
explain the task to the patient... then 12 min of observa-
tion (3 min for each of the motor acts into which the action
is divided) and finally 8 min of execution (2 min for each
motor act)... The patient, during the execution phase, has to
perform the observed motor act at the best of his/her ability.
However, he/she is informed that the focus of the treatment
is on the observation of the action, not its execution.”

It is not hard to see that each of the elements in the re-
habilitation session which we have described is linked with
determination of the features of the mirror neuron system as
noted above. For example, the “daily action” is linked with
dependence on recruiting mirror neurons and their activa-
tion on the level of familiarity of the user with the action
being observed [31, 32]; use of a specific object is linked
with significant discrimination between activation patterns
on actions linked with the object and actions not linked with
it [24]. Dissection of the motor action into separate motor
acts may be linked with the following characteristics of the
parietofrontal mirror neuron network noted by Rizzolatti
and Sinigaglia [79]: most of these neurons encode motor
acts (i.e., movements associated with a particular motor aim
such as grasping an object) and not the movement itself (i.e.,
displacement of a body part without a specific aim, such as
flexion of the fingers) and these neurons are grouped into
circuits in which each neuron encodes a separate motor act.

Burzi et al. [28] noted the efficacy of “observation ther-
apy” in improving the motor function of the hands both in
adult stroke patients and children with unilateral cerebral
palsy, while Buccino [23] presented data from three partic-
ular randomized controlled trials in which action observa-
tion therapy was successfully used to rehabilitate upper limb
motor functions in stroke patients, in the motor recovery of
patients with Parkinson’s disease, and in children with ce-
rebral palsy. It should be noted that although the results of
these randomized controlled studies confirmed the suitability
of using observation therapy as a rehabilitation instrument
for various neurological diseases, the author himself empha-
sized the small number of patients (a total of 21 used obser-
vation therapy) participating in these studies. This drawback
was overcome in the study reported by Sarasso et al. [83],
which analyzed results from the use of observation thera-
py in 20 randomized controlled trials (13 in stroke, three in
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Parkinson’s disease, two in cerebral palsy, and two in ortho-
pedic problems) involving a total of 663 patients and reported
that most of the studies analyzed indicated that the “observa-
tion therapy” method was effective as an adjunct to standard
physiotherapy for improving recovery of motor functions in
people with neurological and orthopedic diseases.

On the basis of analysis of 12 randomized controlled
trials involving 478 people, Borges et al. [21] reported evi-
dence that action observation was useful for improving up-
per limb motor function and independence in daily life in
stroke patients.

Buccino et al. [26] ran a randomized controlled trial
in which 18 children (aged 5-11 years) with cerebral pal-
sy took part: 11 were in the experimental group and seven
served as controls. The state of upper limb motor functions
was assessed on two functional scales at time points T1-T3.
Functional measures were assessed before treatment (time
point T1), at the end of treatment (time points T2), and
two months later (time point T3). As compared with con-
trol children, those receiving observation therapy showed
significant improvements in measures on both scales at
T2, and this improvement persisted to T3. Twelve of the
18 children also underwent functional magnetic resonance
investigations at time points T1 and T2. As compared with
the control group, children receiving observation therapy
showed stronger activation in the parieto-premotor network
on interaction between the hand and an object at T2. These
results confirmed the view that this therapy promoted reor-
ganization of cerebral networks [26].

Review [67] presented study results from patients pro-
viding evidence that action observation as a supplemental
therapy improved measures of locomotion and balance
function after a short rehabilitation period; action observa-
tion in Parkinson’s disease appeared to promote mobility
and decreases in “frozen gait” episodes, while after joint
replacement or stroke it produced significant improvements
in gait and balance in terms of a whole series of indicators.

In [89], people with chronic stroke during robot-based
motor training of the paretic arm ether observed or did not
observe a video of the movements of their paretic arm (vid-
eos were made by editing). Help from the robot was either
guided or not guided by the patient’s EEG signals. Robot
assistance in the first group was activated only when sig-
nificant p-suppression of the EEG signal occurred in the
lesioned hemisphere, while robot cooperation in the second
group was activated independently of EEG signals. Paretic
upper limb motor functions were assessed before, imme-
diately after, and six months after training. Only the first
group showed long-term significant improvements in up-
per limb motor functions. In addition, significant changes
in neuroplasticity (neuroimaging results) were seen only in
the first group. The authors of this study felt that stable im-
provements in motor function could be achieved by suitable
neuronal control, while neuroplasticity can be increased by
appropriate neural feedback [89].
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Conclusions. The detection of cerebral cortical neu-
rons sensitive both to observation of the motor actions of
another person and physical performance of the same action
by the observer impelled scientists to use this phenomenon
for movement rehabilitation [67]. Treatment using obser-
vation of motor actions (“observation therapy”) is a novel
approach to movement rehabilitation [16, 23, 26]. This is
based on data indicating that observation of motor actions
performed by another individual activates the same neuronal
structures in the observer which were responsible for phys-
ical execution of the observed actions [78]. “Observation
therapy” uses this neurophysiological mechanism for reha-
bilitation of motor functions. When repeated physical exer-
cises are impossible because of severe impairments, (espe-
cially in the acute phase of trauma), pain, muscle fatigue, or
inflammation, observation of an action can be regarded as
an alternative opportunity for activating the motor system
[16]. To date this approach has been used with success in
rehabilitation of upper limb motor functions in patients with
chronic stroke [21, 23], in the motor restoration of patients
with Parkinson’s disease [30], and in children with cerebral
palsy [26]; this same approach improved lower limb motor
functions in post-operative orthopedic patients [17]. The
idea that people can improve existing motor skills by means
of observation has recently attracted attention in the context
of gait rehabilitation, though it can be suggested to have
significant potential as an adjunctive treatment in routine
balance training [67]. This type of therapy is well grounded
in fundamental neurology and results on its efficacy have
been obtained in randomized controlled trials [26].

Motor facilitation by observation of motor actions is
well known [30]. Nonetheless, a better understanding of
this process may improve results from using “observation
therapy” [67, 73]. This requires larger randomized con-
trolled studies, which would allow better means of using
this type of therapy in clinical practice and groups of pa-
tients who would gain the most benefit from this treatment
to be found [23]. Systematic assessment of the cognitive
and sensory deficits which probably interfere with motor
facilitation induced by observation of actions may improve
individually oriented therapy; finally, of particular interest
for children is the possibility of using training including ac-
tion observation at the early stages of pathology, given that
its possible useful effects are linked not only with training
to motor skills, but also with the development of their asso-
ciated cognitive aspects [16].

Contemporary “observation therapy” for movement
rehabilitation uses transitive daily actions (i.e., actions as-
sociated with use of objects, for example, drinking coffee,
clearing dishes off the table, etc.) followed by physical exe-
cution after observation [23], which probably limits the ap-
plicability of this therapy, as patients with severe upper limb
motor impairments are barely able to use it. However, use of
a familiar nontransitive task instead of a transitive task may
perhaps be a suitable variant for patients in whom a transi-
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tive task is physically unavailable [46]. One task in “obser-
vation therapy” is therefore that of supporting its effects on
motor function in patients where this treatment is not addi-
tive but, rather, the only possible treatment, i.e., in patients
who are completely immobilized or have very weak motor
function [90]. In this regard, promising data were reported
by Bizio et al. [19, 20], who used demonstration of repeated
simple nontransitive motor actions: pinching and separating
the tips of the thumb and index finger (for 14 min) com-
bined with peripheral electrical stimulation of the median
nerve [19], or flexion of the thumb (i.e., deviation of the
thumb towards the little finger) for 250 sec combined with
application of vibration to the tendon of the muscle sup-
porting this movement [20]. Results obtained using these
methods not only showed an increase in the arousability of
the primary motor cortex specific for the muscles support-
ing the observed movements, but also long-term sequelae:
the arousability of the primary motor cortex remained ele-
vated for 60 min after observation training combined with
vibration ended and for 45 min after training combined with
electrical stimulation. All these treatments used alone in
otherwise identical regimes (observation training, electrical
stimulation, vibration) did not induce changes in motor cor-
tex arousability. The authors of [19, 20] proposed that these
results suggest that observation training combined with
electrical stimulation and vibrational stimulation can elicit
long-term plastic changes in the primary motor cortex, al-
lowing these methods to be used as rehabilitation interven-
tions for patients unable to perform voluntary movements;
additionally, these results point to the importance of com-
bining different sensory inputs to stimulate plastic changes
in the primary motor cortex. However, it appears that the
maintenance and development of these results and their in-
troduction into practice require further basic studies.

In conclusion, we note the following. Observation of
motor actions is used in various types of therapy: “mirror
therapy” [3, 4], “observation therapy” [28, 67], and virtual
reality therapy [2, 5, 7,12]. These types of treatment have
different mechanisms, though they all use observation of
motor actions. “Observation therapy” is therefore not an
entirely suitable term for the treatments discussed here. It
is more the case that this is one version of observation ther-
apy, though in the literature it comes under the term used by
ourselves. It is directly orientated to mirror neurons and the
mirror mechanism for the treatment of motor impairments:
each element of a rehabilitation session using this therapy is
linked with a particular characteristic of the mirror neuron
system, as has been noted by other authors. This is evidently
the simplest version of therapy using motor action obser-
vation. It is distinguished by simplicity of application, af-
fordability, and accessibility as a rehabilitation technology
which can be used by patients on their own at home.

This study was funded by the State Academies Basic
Science Research Program for 2012-2020 (GP-14, section 63)
and the Basic Research Program of the Presidium of the Rus-
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sian Academy of Sciences, Topic No. 1.43, “Fundamental
Basis of Technologies for Physiological Adaptation.”
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