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Abstract: Problem statement: Motor Imagery (M), which corresponds to an actpr@cess during
which the representation of a specific action terimally reproduced into working memory without any
motor output. It represents the result of conscameess to the content of a movement intentionghwhi
is usually performed unconsciously during movenm@eparationApproach: This review study aims

to provide information on the current research aran findings related to the potential therapeutic
effects of motor imagery on stroke neurorehabititat Results: Several studies demonstrate that
conscious motor imagery and unconscious motor padipa share common mechanisms and are
functionally equivalent, improving recovery of motaskills in stroke patientsConclusion: In
conclusion, motor imagery, proved very useful affdotive, with significant results in improvement
of motor deficits in post stroke patients. Thus,istrecommended that further studies must be
conducted to determine specific parameters sugtuader and weekly frequency, duration (minutes
per session), type (visual or kinesthetic) andappropriate moment to apply mental practice (phases
recovery of pathology), in order to create spegfiotocols for each treatment phase.
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INTRODUCTION dysphagia, neglect, pain, cognitive deficits, semso
loss and depression are common and can be extremely
Stroke is defined as a sudden, focal neurologicalimiting (Stevens and Stoykoy, 2003).
deficit due to a cerebrovascular abnormality. Stroén Although several methods of rehabilitation are
cause substantial motor dysfunction that comprosnisecurrently used to facilitate movement in the aféect
ability to perform valued activities. It is considd one extremity and teach compensatory techniques to
of the major causes of functional limitation in the perform Activities of Daily Living (ADLs), many
world (Rabadi, 2010; Jittiwagt al., 2009; Hamedet ~ patients remain with sensorimotor deficits and Umad
al., 2007; Butler and Page, 2006; Cicerogteal., perform ADLs. Within this context, motor imagery
2005). Over the years, the number of people aftectestarted to be used in the 80’s, however not so lwides
by stroke has increased substantially due to tliegag a potential treatment approach in post stroke pstie
of world population. The specific deficits seeneaft (Deutschet al., 2005). Studies have shown that motor
stroke depend on the area of the brain affectedmagery belongs to the same category of procebsés t
Hemiparesis, hemiplegia, aphasia, dysarthriawould involve programming, planning and preparation
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for motor tasks, but without them being executedCohen 2006). Studies have shown that there is
(Dechentet al., 2005). similarity in the physiological and psychophysical
Motor Imagery (MI) corresponds to an active functions between executed and imagined movements,
process during which the representation of a sigecif suggesting that they are based on the same process.
action is internally reproduced into working memory Based on this rationale, many investigators have
without any motor output (Deepat al., 2011; Lotze proposed using MI in neurorehabilitation as a cost-
and Cohen, 2006; Dietrich, 2008). It represents thefficient means to promote motor recovery after
result of conscious access to the content of a mem¢ damage to the Central Nervous System (CNS)
intention, which is usually performed unconsciously(Zimmermann-Schiattest al., 2008).
during movement preparation (Gentdt al., 2006; A considerable number of electromyographic
Jacksonet al., 2001; Dietrich, 2008). It is used as astudies have reported that the patterns of muscular
cognitive rehearsal of physical movements and hagctivation during MI are strikingly similar to thes
emerged as a promising technique to improve motoexhibited during physical execution of the same
skill performance, both in healthy people and peopl movements (Pageet al., 2005; Mulder, 2007). In
with motor deficits (Jacksost al., 2001; Brauret al.,  addition, some studies showed that images prodoce a
2006). Several studies demonstrate that consciougentical, minute innervation in the targeted
motor imagery and unconscious motor preparationmusculature as if the same movement were being
share common mechanisms and are functionallphysically performed. Interesting, muscles are
equivalent, improving recovery of motor skills imake ~ proportional activated according to degree of imadi
patients (Miltonet al., 2008). Ml plays an important effort, e.g., a more vigorous task during MI ekcit
role for re-organization of neural network, stiyctl greater electromyographic amplitude than a less
related to the motor strategy planned by the stibjecvigorous task (Grush, 2004).
(Jacksoret al., 2001). Moreover, it is well known that With the advent of brain mapping techniques for
individual corticospinal cells innervate the motorinstance functional Magnetic Resonance Imaging
neurons of multiple hand muscles. Thus, it is jkilat ~ (fMRI) and Electroencephalography (EEG) allowed for
a function of MI for motor learning is sensory-moto first time a more precise anatomic localizationtlod
gating for the role of peripheral sensory inputtbe  cerebral structures implicated in performing imagin
plasticity of motor cortical re-organization (Degetind and executed movements mainly of the upper limb
Grezes 2006; Mulder, 2007; Pageal., 2007). Within ~ (Mulder, 2007). Altogether, these findings indicétat
this context, this review study aims to providethe Supplementary Motor Area (SMA), cerebellum, as
information on the current main research and figdin well as the premotor, cingulate, superior and iofer
related to the potential therapeutic effects of anot parietal and primary motor cortex (M1) are oftenrfd
imagery on Stroke Neurorehabilitation. to be involved in both the execution and the
imagination of upper limb movements (Jacksbral.,
Motor imagery: Specifically, MI is the mental 2001; Dechengtal., 2004).
representation of a movement without any motor wutp These findings support the idea that the strusture
(Mulder, 2007). It is a complex cognitive operatitvat O Systems mediating the simulation of motor agtivi
is self-generated by sensory and perceptual presessand the motor execution are alike. The similarities
allowing the reactivation of certain motor actioims between Ml and executed movements can explain the
working memory (Dickstein and Deutsch, 2007). Itmotor performance improvements exhibit after Ml
consists of a training method by which the internal(Jacksonet al., 2011; Pageet al., 2007) and could
reproduction of a given motor act (i.e., mentalindicate that the Ml as promising technique to iaver
simulation) is repeated extensively with the ini@mof =~ motor  skills  performance.  However,  further
promoting learning or improving a motor skill (Séas  investigations are still necessary to determine the
and Stoykoy, 2003). potential use of MI in neurological rehabilitation
It is a dynamic state during which the particularly of people with stroke.
representation of a specific motor action is inddgn
activated without any motor output (Braeinal., 2006; Types of motor imagery: Ml can be classified as
Milton et al., 2008; Munzertt al., 2009). The motor kinesthetic and visual (Verbust al., 2008). Kinesthetic
images require conscious activation of brain region Ml is performed in first person, which performer
that are also involved in the preparation andapproximates a real life situation in such a wast the
performance of the movement, accompanied by @erson actually experiences the sensory sensations)
voluntary inhibition of the real movement (Lotzedan providing the feeling of movements as if they wexally
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performed. Indeed, it requires an approximatiorth@&f  with neurological diseases may not benefit from it
real life phenomenology such that the person dgtual (Jacksonet al., 2001). For instance, patients with
imagines being inside his/her body and experiencingarietal and left lateral prefrontal lesions ar¢ afole to
those sensations that might be expected in thealactuimagine a movement (Lotze and Cohen, 2006). In
situation. On the other hand, visual Ml is perfodnie  addition, damage to the basal ganglia also inflasnc
third person (related to the scenes outside theopgr the ability to perform MI (Dickstein and Deutsch,
providing the mental visualization of the movement2007). Another factor that supposedly influencethos
performance as from a distance, actually the stubjeability to perform Ml is the age. Gabbagtlal. (2011)
views himself from the perspective of an externalinstructed young and old participants to estimasing
observer (Guillot and Collet, 2005). MI, whether randomly presented targets in peripgabko

The use of kinesthetic or visual Ml types seems tqi.e., within actual reach) and extrapersonal (i.e.
be influenced by two relevant factors associateth wi beyond reach) space were within or out of reach of
rehabilitation process; the nature of the task @ their dominant limb. The findings showed that old
stage of learning (Vries and Mulder, 2007). Forsubjects are less accurate than the young subjects
instance, to learn a new motor task, visual Ml @ren making more errors in extrapersonal space during
suitable for tasks that emphasized form, whereaperformance of Ml. Thus, it seems there is a dedimn
kinesthetic Ml is better for those tasks that enspted  the ability to perform Ml in aging.
timing or coordination of hands’ movement (Byrete
al., 2007). Both perspectives were associated wigh thFactorsthat influence on motor imagery practice:
activation of common neural networks in the SMAe th Task familiriaty: Task familiarity is a prerequisite for
precentral gyrus and the precuneus. First persmecti the successful use of Ml (Verbugttal., 2008). Mulder
taking, however, was associated with the increase(R007) observed that after MI individuals who had
activity in the left inferior parietal lobule antie left  previously mastered a new motor task improved
somatosensory cortex, whereas the third persomubstantially compared to individuals with no pomsd
perspective activated the right inferior pariewlbdle, practice. In a similar study, Mutsaans al. (2006)
the posterior cingulate and the fronto-polar cortexshowed that individuals with hemiparetic cerebrakp
(Vries and Mulder, 2007; Mulder, 2007). and deficits in the ability of Ml compared to caitr

In addition, several factors must be taken intoindividuals were unable to plan new tasks. However,
consideration in the decision about which M| catggo the study by Alemamt al. (2001) explored the ability
(i.e., visual or kinesthetic) to use in therapyeTirst  of individuals with congenital total blindness caangd
factor is that imagery of human movement is ato healthy individuals through performance of visua
cognitive operation that depends on the dynamidvl tasks. With regard to the task familiarity, the
relationship among the individual, the movement anccongenitally blind subjects are able to performuals
the environment (Byrnest al., 2007). In addition, MI, though made more errors. Imbirilea al. (2006)
imagery perspectives should be determined by thenade similar conclusions for blind individuals. Bhu
nature of the task, the environment and individualclearly there is conflicting information regarditiye
characteristics. Considering that the separatidio in role of familiarity in the successfully using Ml euo
visual and kinesthetic MI is highly artificial, the several definitions of terms such as “motor tasist]
application of both visual and kinesthetic imagery“novelty”. Therefore, generalizations from a study
appears feasible and appropriate for most indivgua related to other populations or conditions shouéd b
(Guillot and Collet, 2005). analyzed with caution. Nevertheless, the notiort tha

the effectiveness of Ml is related to task famitiar

Motor Imagery ability: In order to optimize the and to familiar tasks being associated with better

benefits of the MI practice, the ability to use Meis a  Performance than unfamiliar  tasks should be
relevant consideration. Several recommendations angPnsidered when selecting patients and planning an
reservations about the screening of patients for Mintervention (Bohart al., 1999).
practice have been discussed in the literaturekéémn
and Deutsch, 2007). The parietal lobe is well-kn@sn Working memory: Working memory is a complex
the main brain area responsible for the generation process that includes the on-line storage and ectiv
mental representations of movement. The ability tomanipulation of information, which can be categedz
generate imagined movements is necessary for Méto as visual, verbal, or kinesthetic. It is generally
most effective. Some studies indicate that lesions conceived as a multicomponent system, which relies
parietal lobes can impair MI, implying that patent a complex network of brain areas (Maloush al.,
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2003). Lotze and Cohen (2006) described motoccompared to patient B that received MI plus physica
imagery as a dynamic process during which theherapy. The physical therapy was performed 3 gays
representation of a specific action is internallyweek for 6 weeks and MI and stroke information 2sda
reactivated, supporting that mental rehearsal requi per week for 6 weeks. Again, after the period of
that individuals maintain and manipulate visual andtreatment, patient B exhibited a significant
kinesthetic information in their working memory. improvement in fine motor skills compared to patien
Impairment in working memory, therefore, may impair A. Liu et al. (2004) in a randomized controlled study
the ability to participate successfully in Ml (Vsiend used a MI program based on the functional retrginin
Mulder, 2006). Malouiret al. (2003) observed that the program used as a control intervention, thus lmiti
improvement in task performance of standing up/inclusion to stroke patients with a degree of mosem
sitting down after intervention of physical therapy After 15 sessions of training, significant outcomese
combined with MI was reinforced in a group withaat  achieved, indicating an improvement in the funaion
working memory compared to a group with deficits instatus of patients. Another study, conducted byekag
working memory. The strongest relationship was tun al. (2005), investigated the effects of Ml combineithw
in the visual-spatial domain, followed by verbaldan physical therapy in 6 chronic stroke patients. dtas
kinesthetic domains. Despite, it is noteworthy ttked  were trained for 30 minutes 2 days per week for 6
practice of MI combined with physical practice may weeks, the experimental group received MI plus
improve the performance of an anticipatory motekta physical therapy while the control group received
more than the physical practice itself in indivibuaith  relaxation exercises plus physical therapy. Théifigs
a high probability of deficits in working memory indicated that the experimental group improved the
(Byrneet al., 2007). function of the impaired arm when compared to the
control group, indicating that Ml can be consideeed
Effects of motor imagery on  stroke mechanism of reinforce sensorimotor integration
neurorehabilitation: ~ Conventional  rehabilitative process, even in chronic patients. Recently, Rage
strategies have been typically focused on compiemsat (2007) provides the first randomized controlleddgtu
with the wunaffected Ilimb and/or non-functional appropriately powered support to the hypothesis tha
exercises involving the affected limb. However, substantive motor changes may be produced through a
emphasis has been given on Repetitive Task Practicegimen including MI. Patients were trained for 30
(RTP) to produce motor changes, e.g., MI, evensyearminutes 2 days per week for 6 weeks in both groups.
after stroke. Despite the explosion of these types The authors demonstrated that the combination of Ml
techniques, e.g. Constraint Induced Movement (CIT)and physical therapy in chronic patients is effexfior
Ml is still considered the most cost-effective, igas upper limb motor restoration in chronic stroke pats.
implemented and non-invasive technique in which the It seems MI demands a conscious engagement of
motor skills of patients are cognitively rehearsad ~certain brain regions often activated unconsciously
absence of physical movements (Zimmermannduring motor preparation. However, MI is not
Schlatteret al., 2008). Thus, Ml can be considered as gdependent on motor execution skills, but it is quﬂtlot_
use-dependent brain reorganization process, whese n Of dependent on processing of central mechanisms
cortical areas would be recruited for assisting anot (Jeannerod, 1995). With this in mind, it may besjinle

restoration of the affected arm (Munzetrl., 2009). that the frequent use of M facilitate the centradtor
The use of MI to improve motor function after commands organization. Baseq on the ‘neural
. . networks” theory, which underlines that they are
stroke has gained much attention over the lastdkeca

. . previously established for certain motor acts, istad
(Dickstein and De_utsch, 2007). Brawn al. (2006.). have been reported that those neural networksvedol
showed that there is evidence that MI, as an auititi

in motor gesture execution are rehearsal during Ml
therapy, has effects on motor recovery after strokeosslyn et al., 1995). Thus, the improvement in

Although the ability to engage in motor imagery is performance of the executed motor gesture occurs by
required for MI, however, in most of the reported coordination of motor patterns responsible for its

studies MI ability was not assessed (Jackebml.,  development. It is based on the theory that “neural
2001; Malouinet al., 2003; Sharmaet al., 2006; networks” remains intact despite the physical dasag
Braunet al., 2006). which suggest that post stroke patients could licokf

Pageet al. (2001) in a case repots investigated theMl use activating the partially damaged “neural
effects of Ml combined with physical therapy in 2 networks” (Jeannerod and Decety, 1995). Those
subacute stroke patients. The patient A received findings are in agree with previous studies of MI,
protocol of stroke information plus physical theyap despite the lack of neuroimaging data to reinfdtis
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rationale (Jeannerod, 2001), however, a few studieButler, A.J. and S.J. Page, 2006. Mental practiith w
showed changes in cortical functions when specific  motor imagery: Evidence for motor recovery and
protocol of motor tasks were used, including Ml e cortical reorganization after stroke. Arch. Phys.
and Cohen, 2006). Such theory is attributed to a Med. Rehabil., 87: S2-S11. PMID; 17140874
mechanism cerebral reorganization, where new aregsyrne, P., S. Becker and N. Burgess, 2007.
are recruited to assist the movements of the afflect Remembering the past and imagining the future: a
arm (Jeannerod, 2001; Lotze and Cohen, 2006). neural model of spatial memory and imagery.
Thus, MI prior to motor execution would represent Psychol. Rev., 114: 340-375. PMID: 17500630
an additional or complementary technique to MotOIcicerone, K.D., C. Dahlberg, J.F. Malec, D.M.
execution, but do not replace it. Since the padient Langenbahn and T. Felicedial., 2005. Evidence-
ability to perform the MI is evaluated, the focusnc based cognitive rehabilitation: Updated review of
then be directed on the severity of the injury ane the literature from 1998 through 2002. Arch. Phys.
moment when the MI should be introduced to the  \jad. Rehabil., 86: 1681-1692. PMID: 16084827

treatment. When the neurological condition does no{/ries S D. and T. Mulder. 2007. Motor imagery and
allow patients to perform movements, Ml is needed i gyoke rehabilitation: A critical discussion. J.

order to keep the neural networks active and abso t Rehabil. Med.. 39: 5-13. PMID: 17225031
promote cortical reorganization, so that the mOtorDecety J. and J. Grezes, 2006. The power of

preparation faqilitates futur(_a_ executions of specif simulation: Imagining one’s own and other's

movements during the rehabilitation program. behavior. Brain Res., 1079: 4-14. PMID: 16460715
Dechent, P., K.D. Merboldt and J. Frahm, 2004 hés t

CONCLUSION human primary motor cortex involved in motor

. _ imagery? Brain Res. Cogn. Brain Res., 19: 138-

Motor imagery proved very useful and effective, 144. PMID: 15019710
with significant results in improvement of motor Deepa, V.B., P. Thangaraj and S. Chitra, 2011.
deficits in post stroke patients. However, therenas Classifying single trail electroencephalogram using
consensus about a treatment protocol using MI for gaussian smoothened fast hartley transform for

neurorehabilitation of stroke patients. Thus, it is brain computer interface during motor imagery. J
recommended that further studies must be conduoted 4 Comput. Sci. 7. 757.761. DOI:

determine specific parameters such as number an i
weekly frequency, duration (minutes per sessiopet 10'3844/1035'3'2(_)11'757'761 . .
Deutsch, J.E., S. Fischer, W. Liu, A. Kalnin and K.

(visual or kinesthetic) and the appropriate montent ' - ) .
apply mental practice (phases recovery of pathdlogy Mosier, 2005. Representation of imagined and

in order to create specific protocols for each ttremt executed sequential finger movements of adults
phase. Moreover, new studies must be performedjusin ~ POst stroke and healthy controls. J. Neurol. Phys.
neuroimaging techniques in order to obtain more  Ther., 29: 205-205. DOl
information about the patterns of activation and  10.1097/01.NPT.0000282371.70655.d4
reorganization of the brain. Dickstein, R. and J.E. Deutsch, 2007. Motor Imagdery
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