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Introduction. Motor imagery and mental practice can be defined as a continuous mechanism in which the subject tries to emulate
a movement using cognitive processes, without actually performing the motor action. The objective of this review was to analyse
and check the efficacy of motor imagery and/or mental practice as a method of rehabilitating motor function in patients that have
suffered a stroke, in both subacute and chronic phases. Material and Methods. We performed a bibliographic search from 2009 to
2021 in the following databases, Medline (PubMed), Scopus, WOS, Cochrane, and OTSeeker. The search focused on randomized
clinical trials in which the main subject was rehabilitating motor function of the upper limb in individuals that had suffered a
stroke in subacute or chronic phases. Results. We analysed a total of 11 randomized clinical trials, with moderate and high
methodological quality according to the PEDro scale. Most of the studies on subacute and chronic stages obtained statistically
significant short-term results, between pre- and postintervention, in recovering function of the upper limb. Conclusions. Motor
imagery and/or mental practice, combined with conventional therapy and/or with other techniques, can be effective in the
short term in recovering upper limb motor function in patients that have suffered a stroke. More studies are needed to analyse
the efficacy of this intervention during medium- and long-term follow-up.

1. Introduction

The World Health Organization (WHO) defines stroke as
the clinical syndrome characterised by the rapid develop-
ment of symptoms and/or local or generalised signs of neu-
rological affectation, which lasts more than 24 hours and can
even lead to death, without other apparent cause than a vas-
cular origin [1].

A stroke causes neurological deficits in various domains
of brain areas: motor, sensory/perceptive, visual, language,
cognitive, intelligence, and emotion. In the motor area, the

most frequent syndrome is hemiplegia or hemiparesis [2,
3]. Motor deficits occur predominantly unilaterally, contra-
lateral to the injured side. Different areas of the brain can
assume their functions through a spontaneous biological
recovery and then move on to a phase of compensation.
The phases of stroke have a process of change, and biomark-
ers will help to improve future treatments and will have to
identify the effect on these phases [4].

Within this review, we can define the periods of analysis
of the studies in 2 phases: the late subacute phase, which
includes from 3 months to 6 months, and the chronic phase,
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which encompasses more than 6 months of evolution of the
disease [4].

Between 30% and 66% of the individuals that have a
stroke do not reach satisfactory motor recovery of the
affected upper limbs following rehabilitation; this is one of
the main causes of disability and produces great limitations
in the activities of daily living (ADLs) [5, 6].

There are many definitions from authors that define
motor imagery (MI) and mental practice (MP) as a continu-
ous mechanism in which the subject tries to emulate a move-
ment using cognitive processes, without actually performing
the motor action [7-9]. In other words, MI consists of the
mental representation of the movement, without the actual
presence of it. It is a complex cognitive operation that is pos-
sible thanks to the use of sensory and perceptive processes
that allow an individual to reactivate specific motor actions
in the working memory [10]. In the case of MI, reactivation
happens when the movement is imagined rather than per-
formed, implying a voluntary impulse. We can generate a
movement in this way without needing to perform it,
intending to acquire and optimise motor skills [10]. This
theory proposes that MI, the observation of the movement
and the performance of the movement, share a central ner-
vous function that corresponds among them [11].

These techniques are based on the theory of mirror neu-
rons and demonstrate that people can produce plastic
changes in the functionality of hand movements. Several
studies have identified patterns in brain activation that occur
during MI and found that MI largely activates regions
including the frontoparietal network, subcortical and cere-
bellar regions, anterior intraparietal cortex, primary motor
cortex (M1), bilateral supplementary area (SMA), and pre-
motor area (PMA) [12]. Another study [13] showed that
the use of MI improves a patient’s upper limb motor func-
tions and activation areas mentioned in the previous study.

People can also develop MP using images of limb
movements, which can make it easier for people that have
suffered a stroke to recover motor function. Commitment
and motivation are essential for participating in the MI
training program [14].

The theory of sports science was the origin of MP. This
theory establishes that rehearsing can improve the acquisi-
tion of motor skills [15]. MP is a method of training during
which a person cognitively rehearses a physical skill using
motor images, without the presence of physical movements,
in order to improve the performance of motor skills [16],
when an individual can access the perceptive information
from the memory, MP [17].

Both MP and MI can provide an effective strategy to
facilitate motor recovery in patients with brain lesions. This
is especially true during the first stage of rehabilitation,
when full participation in occupational and physical ther-
apy programs may not be possible due to excessive motor
weakness of the upper limbs [18]. Studies such as [19] show
results indicating a preserved interhemispheric balance of
patients in the subacute stage by activating cortical motor
areas during MI.

Likewise, the scientific literature indicates that both MP
and MI can be effective interventions in chronic phases,
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because there can also be limitations in the functional
mobility of the upper limbs. MI might contribute to motor
recovery in chronic stroke patients through the following
network reorganization, ie., promoting the efficiency of
regional neuronal communication, and the reorganization
of intrinsic functional connectivity of the ipsilesional M1,
involving a widely distributed motor network in both
hemispheres (H. [20]).

The objective of this systematic review was to analyse
and check the efficacy of motor imagery and/or mental prac-
tice as a method of rehabilitating motor function in patients
that have suffered a stroke, in both subacute and chronic
phases.

2. Material and Methods

2.1. Design. We searched bibliographic databases through
November 2021. The search consisted of finding random-
ized clinical trials in which the main subject was rehabilitat-
ing the motor function of the upper limb in people that had
suffered a stroke, using the MI and/or MP techniques alone
or combined with other therapies. Systematic reviews of
reviews were conducted, as well as a synthesis of the findings
of all systematic evidence published based on Smith et al.
[21]. This systematic review was carried out following the
recommendations of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[22], with registration number CRD42021160215 in the pro-
spective register of systematic reviews (PROSPERO).

2.2. Search Strategy

2.2.1. Search Limits. For the article search, we applied the
following filters for study inclusion: randomized clinical tri-
als (RCTs) and controlled clinical trials, studies in humans,
people with ages more than 18 years, articles published in
the last 12 years, and manuscripts written in English or
Spanish.

Two authors performed the bibliographic search and
evaluated the titles, abstracts, and complete texts, following
the eligibility criteria. If there were any disagreements or
doubts, these 2 authors consulted a third author to resolve
the discrepancies.

We searched for articles in the main bibliographic data-
bases: PubMed, Web of Science (WOS), Cochrane, Scopus,
and OTSeeker. The search terms or keywords used to gather
the data and select the information were the following:
“stroke”, “motor imagery”, “mental practice”, and “upper
limb function”.

2.2.2. Inclusion and Exclusion Criteria. The articles selected
included patients diagnosed with stroke and with the upper
limb affected, having MI or MP as the only treatment
modality or together with other interventions, in both sub-
acute and chronic phases. The late subacute phase includes
from 3 months to 6 months, and the chronic phase encom-
passes more than 6 months of evolution of the disease, once
the motor deficits start to settle into a definite pattern.

We excluded articles that referred to pathologies other
than stroke or in which the main intervention objective
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was not to improve upper limb functionality. We also
excluded articles on treatment interventions with children.
Lastly, we ruled out articles that did not fulfil a methodolog-
ical quality criterion, based on the Physiotherapy Evidence
Database (PEDro) scale. Only the final results of articles with
moderate and high methodological quality according to the
PEDro scale criteria were obtained during the bibliographic
search.

2.2.3. Data Extraction Process. First, the two independent
reviewers performed data analysis, assessing the relevance
of the reviews regarding the study questions and objectives.
This initial analysis was performed based on information
from each study’s title, abstract, and keywords.

We gathered the following information for each study:
(1) author and year of publication, (2) study objectives, (3)
sample characteristics, (4) group protocols, (5) measurement
variables, and (6) results. After that, all the information was
analysed and then summarised (Table 1).

2.3. Assessment of Methodological Quality. The methodolog-
ical quality of the randomized clinical trials was assessed
using the PEDro scale. It is one of the clinical trial assess-
ment tools utilised the most in studies that focus on stroke
rehabilitation [33].

It is considered a very reliable scale and is also recom-
mendable for the systematic review of controlled clinical tri-
als. It defines, with a low risk of bias, articles that obtain a
score above 6 points as high quality, those that achieve
between 4 and 6 points as moderate quality, and articles with
scores of 3 points or less as low quality [34].

In our review, we will analyse the articles that obtain a
score equal to or higher than 6 points, which are considered
high-quality articles, with the exception of the article of [31],
which is a nonrandomized study and therefore penalizes its
methodological quality, but the authors believe that it should
be included, since we could lose relevant information.

3. Results and Discussion

3.1. Internal Validity of the Articles. In this systematic
review, we assessed 11 studies. The flow diagram is shown
in Figure 1.

These consisted of 9 randomized clinical trials (RCTs), 1
randomized cross-over trial [25], and 1 nonrandomized
clinical study [31]. All the studies complied with the criteria
for inclusion and exclusion. These 6 articles obtained a high
methodological score in the reference list [23, 24, 26, 27, 30,
32] while these 4 articles obtained a moderate methodologi-
cal quality based on the PEDro scale (Table 2) [25, 28, 29,
35]. Only one study [31] cannot be analysed due to the type
of study.

In the specific case of the study [30], since it is a quasiex-
perimental design, in which we do not have a control group
as such, it is difficult to define the efficacy of MI/MP. Instead,
it gives us another point of view on how to administer MI/
MP and that a distributed practice could be beneficial, com-
pared to a mass practice, for the improvement of upper limb
function.

3.2. Description of the Study Samples. The sample size of the
studies ranged from 10-19 patients [26, 28, 29] to 20-38
patients [24, 25, 31, 32, 35]. There were only 3 studies with
more than 40 patients [23, 24, 30]. As for stroke evolution,
in this review, we divided the studies into 2 groups: articles
applying the rehabilitation interventions during the subacute
phase of the lesion [24-27, 30, 32, 35] and the remaining
ones applying interventions during the chronic phase [23,
28, 29, 31]. In all the studies, the sample consisted of adult
patients, distributed evenly between men and women, which
presented an affectation of the upper limb due to hemipar-
esis or hemiplegia.

In terms of lesional side involvement, there is heteroge-
neity in how the sample is described. There are 2 studies that
mention that all their subjects are right-handed, as assessed
by the Edinburgh scale [26, 35]. Another study does not
mention the involvement of the injured side in the upper
extremity in its sample [25]. One of the studies refers to
the affected cerebral hemisphere, which has an impact on
the limitation of movement of the damaged upper limb
[24]. Finally, the rest of the studies describe the affected side
of the upper limb, whether it is the right or left lesional side,
where there is hardly any predominance of one side over the
other [23, 27-32].

Due to the variability in describing the involvement of
the injured or dominant side of the participants in each
study, it is difficult to obtain an approximate conclusion of
the possible recovery of the upper limb.

3.3. Description of the Study Interventions. In all the studies,
the intervention method carried out for the MI and/or MP
technique was specified. A therapist supervised the patients,
guiding them and ensuring that the instructions were
followed. The process commenced with a period of relaxa-
tion and becoming aware of the limb affected. The patients
kept their eyes closed or covered, focusing on the limbs in
a first-person view; that is, the patients visualised the hand
and arm as if they were seeing their own body parts with
their own eyes. After acknowledging the mental image of
the upper limb affected, the patients began imaging that they
were making a few simple movements, such as flexion of just
their shoulder or their elbow or both, flexion and extension
of the wrist, opening and closing the hand, separating the
fingers, and pressing the tips of 2 fingers together. The
patients then continued imagining more dynamic move-
ments aimed at specific ADLs, such as picking up a bottle
of water and drinking and putting on a t-shirt.

All the studies included in this review also featured con-
ventional physiotherapy and/or occupational therapy treat-
ment. In the articles, this treatment was described as
stretching exercises or neurodevelopment techniques and
techniques for progressing towards maximum independence
in ADLs.

In 7 of the studies performed in the subacute phase,
the researchers compared an experimental group (EG)
that did MI or MP combined with conventional treat-
ment (physiotherapy and occupational therapy) and a con-
trol group (CG) that performed only the conventional
treatment [24-27, 30, 32, 35].
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[ Identification of studies via databases and registers J
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FIGURE 1: Result strategy flowchart.

In 4 studies on patients in the chronic phase, the investi-
gators also compared an EG consisting of patients that did
MI and/or MP combined with conventional treatments, with
a CG that performed only conventional treatment [28, 29,
31]. In their study, [30] distinguished between distributed
and massive MP in different groups, and they introduced
an audio recording in the MP process. The distributed MP
consisted of carrying out 20 minutes of MP 3 times a day;
in contrast, the massive MP was performed in a single
60 min session every day.

In general, there was no consensus on treatment dura-
tion and frequency. Treatment lasted for periods ranging
from the 3 weeks [24] used to the 6 weeks [23] proposed.
A treatment of 4 weeks was used the most among the studies
analysed, with either a more intensive frequency of sessions
5 days a week or alternating 3 days a week.

In all the studies, the patients were assessed before the
intervention and posttreatment. Not all the articles included
a later follow-up; in those that did, it varied between 1
month, 3 months, and 12 months [23].

3.4. Description of the Results of the Studies. One of the most
widely used assessment instruments is the Fugl-Meyer upper
extremity (FMA-UE), which appears in 9 of the 11 studies.

Following the ICF criteria, to assess body functions,
FMA-UE, as well as the goniometer or Modified Ashworth
Scale (MAS), may be used.

To analyse activity, the most commonly used were the
Wolf Motor Function Test (WMFT), Action Research Arm
Test (ARAT), Box and Blocks Test (BBT), Jebsen Taylor
Hand Function (JTTHF) test, Motricity Index (MI), and
Modified Barthel Index (MBI), among others.

In terms of participation, these studies used the Stroke
Impact Scale (SIS), Motor Activity Log-30 (MAL-30), and
Canadian Occupational Performance Measure (COPM),
among others.

The next sections detail the most relevant results of the
studies.

3.4.1. Articles to Be Analysed. In the articles focusing on the
subacute phase without combining techniques in the EG,
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statistically significant differences were found between
groups. The most representative study variables were the
FMA-UE and ARAT [27, 32, 35]. It is notable that in their
study, [23] found that the patients maintained the positive
results in the Frenchay Arm test over time, up to 12 months
of follow-up. In the rest of these subacute studies, no statis-
tically significant results or differences were obtained
between groups [25-27, 30].

The articles on studies carried out in the chronic phase
without combining techniques in the EG showed statistically
significant changes in the measurements from the FMA-UE
[28, 29, 31, 36], as well as in other variables from instru-
ments such as the ARAT, BBT, and COPM.

Most of the 11 studies that included both phases
obtained statistically significant positive results in the recov-
ery of upper limb function. However, in the majority of these
studies, the researchers did not specify follow-up after the
postintervention period, except for [23] in their study. This
is an important factor to consider, because it means that
we cannot state that the changes produced in upper limb
function would be maintained over time. More studies that
include follow-up after the intervention are needed to make
it possible to analyse the continuance of the benefits of the
technique once the treatment has ended.

During the first 6 months after a stroke, patients experi-
ence a spontaneous recovery [37]. There is greater neuro-
plasticity in this period of time, which helps to reorganize
and create new synapses; mental practice and/or motor
imagery during this period could hypothetically promote
this neuronal plasticity [38].

It has been shown that, in the chronic phase, neuroplas-
tic changes also continue happening, helping cortical reorga-
nization even though the lesion has lasted for years [38],
with statistically significant results in the treatments, as the
studies discussed in this review [28-32]. Consequently, this
is a phase and a subject that needs further research. This
would strengthen the performance of interventions, among
which MI and/or MP could be included.

Therefore, we can conclude that MI/MP intervention in
both the subacute and chronic phases is an effective tech-
nique in improving the functionality of the affected upper
limb, and not only in the acute phase, as has been analysed
up to now, given the evidence analysed in this review.

3.5. Description of the Study Conclusions. Most of the studies
agree that MI and/or MP treatment combined with tradi-
tional treatment is more effective in upper limb motor
recovery (general motor movements, speed and coordina-
tion of movement, and, above all, in the integration of these
changes in carrying out ADLs) than intervention with only
conventional treatment, in both the subacute and chronic
phases [23, 24, 28, 31, 32, 35].

The MI/MP technique does not require great economic
investments and can be performed anywhere, because no spe-
cial equipment is needed. It is safe, given that the technique
can be repeated many times without great physical effort.

The benefits provided by mental practice (MP) and/or
motor imagery (MI) in upper limb rehabilitation after a stroke
seem promising. However, there are systematic reviews and

meta-analyses that tell us that the technique is not effective on
its own [39], although it can be beneficial if combined with con-
ventional therapies or with other types of techniques [16, 40].
Further research is needed about the approach to the appropri-
ate dose of sessions and the effects of the visual and kinaesthetic
images, as well as the perspective of the image, during the men-
tal depiction. Researchers in the field need an assessment tool to
analyse and quantify the patients’ capacity to represent the
affected limb using mental practice. Whether the benefits
obtained last over time also has to be established, there are
barely any studies that include follow-ups, except for the study
of Annick et al. [23]. Finally, highlight that none of the included
studies analysed the benefits obtained in upper limb motor
recovery in occupational tasks.

Comparing the information with other systematic
reviews, we have detected that in 3 of the studies analysed
[5, 41, 42], integration and change between functionality
and ADLs were not analysed. However, in 7 studies [23,
24, 27-29, 31, 32], these associations have been related. It
should be noted that in the Cochrane review [43], there is
a low certainty of evidence indicating that it is possible that
ADLs do not improve with MP.

Analysing and comparing the studies that make up this
review and other systematic reviews, we can expose that the
ability to imagine is not systematically evaluated with an assess-
ment tool in most studies, making it difficult to obtain real data
on whether this ability to imagine is happening or is being exe-
cuted correctly. Therefore, it should be urged that in the next
RCTs, the ability to imagine should be continuously assessed
by means of validated assessment tools or diagnostic tests, so
that they can clarify the efficacy of MI/MP.

3.6. Limitations of the Studies. There were biases in selection
in the various studies analysed. There were no homogeneity
and consensus in the protocols, with a strong, detailed meth-
odology, unified measurement parameters, and a schedule
for efficiency. In addition to the differences in study design
and methodological quality, the articles analysed varied with
respect to sample characteristics, intervention protocols, and
result measurements (Tables 1 and 2).

Focusing specifically on intervention protocols, all the
studies combined physical practice and mental evocation,
although there were differences among them. Examples are
in how image evocation was facilitated (audio tapes, spoken
instruction, or television images), the type of imagery used
(internal or external), the tasks that were practiced, and the
length and intensity of the treatment sessions.

The extent to which the samples varied, in both age
range and location of the stroke lesion, and even the exclu-
sion of different stroke subgroups, makes it difficult to com-
pare the studies. With respect to the type and location of the
lesion, 4 studies mentioned only that it had to be the first
stroke diagnosed, without considering the location [24,
29-31]; 2 studies indicated that it had to be the first stroke
and with unilateral lesion diagnosed [26, 28]; other study
considered only ischemic stroke with unilateral affectation
[25]; 1 study considered that both the lesion and the domi-
nant hand had to be the right hand before the stroke [35];
and others did not discriminate as to the type of lesion or
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location but alluded to lesion location as an excluding factor,
such as the article of Page et al. [30], which excluded individ-
uals having affectation of the parietal lobe because such
damage is related with difficulties to evoke motor images
using MP. In contrast, 1 study considered lesion location
in the criteria for inclusion. In their study, Hua Liu et al.
[26] included patients with a first stroke diagnosed in the
subcortical area.

Most of the studies have small samples that cannot be
representative of the population, due to the difficulty in find-
ing an appropriate sample and people willing to participate
in the study [23-26, 28, 29, 31, 32, 35]. We can find that
in 7 of the studies, the calculation of the sample size was
not carried out. Variable recruitment of the study sample
was present. In the subacute phase, recruitment was per-
formed in hospitals ([24, 25, 27, 35]) and hospital and reha-
bilitation centers [23] and not reported [26]. In the chronic
phase, recruitment was performed in the hospital [32], in
the hospital and rehabilitation centers [31], with brochures
and support from stroke groups [28], and not reported [29].

There are differences in the recruitment according to the
recovery phase of the patient (subacute or chronic), which
makes it difficult to extrapolate the results to a certain phase
of recovery.

There is also a notable lack of information about the area
of lesion most affected and the type of stroke (ischemic and
haemorrhagic). These 2 factors might have influenced the
results, and we suggest that researchers consider them in
future studies, as Azad et al. [31] did. They also mentioned
the limited number of treatment sessions per week, the
intervention intensity, and the number of repetitions
needed, which these authors believed were insufficient to
achieve motor learning, based on their observations [26].

Although there are different measures to assess MI, it has
been impossible to establish its predictive value [44]. As an
intervention based on people’s imagination, it is difficult to
control and assess in a concrete way the capacity that an
individual possesses to develop it [5]. None of the studies
analysed assessed the entire sample for the capacity to image
visually and kinaesthetically. Consequently, we do not know
with certain accuracy the capacities the patients had for rep-
resenting the affected upper limb in the primary motor and
somatosensory cortex.

In the studies, the specific training required in this tech-
nique for the therapist was not indicated. In addition, the
type of motor imagery, kinaesthetic or internal (first person)
or visual or external (third person), was not considered;
kinaesthetic motor imagery is more effective [45].

All of this represents a problem. Although it has been sug-
gested that many people still preserve their capacity to mentally
represent the movements of the affected upper limb after suffer-
ing a stroke [46], it seems that certain brain lesions (for exam-
ple, in the parietal lobe [16]) can cause an inability to evoke
motor images [47]. A simple change in the instructions about
the images to imagine (first or third person) and in the real pos-
ture of the hand (holding an object in the hand and the spatial
situation of that object) would have a strong impact on the time
and precision of the response from the individuals that have
suffered a stroke [48].
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We also feel that the cognitive capacities that the partic-
ipant needs (in both attention and concentration) have to be
mentioned [49], and there are some review articles that do
not include among their inclusion criteria an assessment tool
that evaluates the cognitive capacity of the participants [23,
26, 35]. The reason is that, if the individuals do not possess
these capacities, those participants might not be people that
could benefit from this treatment.

Lastly, the lack of uniformity in the use of terminology in
the databases might represent a limitation, given that there is
not a single, unique term corresponding to MI or MP. This
diversity of terms, together with the language criterion
(English and Spanish), may have caused the loss of studies
to include in this systematic review.

4. Conclusions

Motor imagery and/or mental practice have obtained prom-
ising results in improving upper limb function after a stroke,
while also improving movement integration and patient par-
ticipation in activities of daily living; when these techniques
are combined with conventional treatment and/or other
techniques, they constitute an appropriate complement.
Researchers need a greater number of studies that analyse
adequate MI/MP scheduling, patient suitability and homo-
geneity, the way the imagination is presented, and the dura-
bility of the positive results over time.

We can conclude that MI/MP intervention in both the
subacute and chronic phases is an effective technique in
improving the functionality of the affected upper limb and
not only in the acute phase.

Data Availability

The data of the study are available from the corresponding
author.
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