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Abstract

Stroke is one of the most common conditions requiring rehabilitation, and its motor
impairments are a major cause of permanent disability. Hemiparesis is observed by 80% of the
patients after acute stroke. Neuroimaging studies showed that real and imagined movements
have similarities regarding brain activation, supplying evidence that those similarities are based
on the same process. Within this context, the combination of mental practice (MP) with physical
and occupational therapy appears to be a natural complement based on neurorehabilitation
concepts. Our study seeks to investigate if MP for stroke rehabilitation of upper limbs is an
effective adjunct therapy. PubMed (Medline), ISI knowledge (Institute for Scientific Information)
and SciELO (Scientific Electronic Library) were terminated on 20 February 2015. Data were
collected on variables as follows: sample size, type of supervision, configuration of mental
practice, setting the physical practice (intensity, number of sets and repetitions, duration of
contractions, rest interval between sets, weekly and total duration), measures of sensorimotor
deficits used in the main studies and significant results. Random effects models were used that
take into account the variance within and between studies. Seven articles were selected. As
there was no statistically significant difference between the two groups (MP vs control), showed
a—0.6 (95% Cl: —1.27 to 0.04), for upper limb motor restoration after stroke. The present meta-
analysis concluded that MP is not effective as adjunct therapeutic strategy for upper limb motor
restoration after stroke.
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INTRODUCTION

Stroke is one of the most common conditions requiring rehabilitation, and its motor
impairments are a major cause of permanent disability [1-3]. Studies showed that approximately
80% of patients in acute phase post stroke present some type of motor impairment, such as
hemiparesis [4]. Concerning hemiparesis, one of the most common and disabling impairments
[5], studies have provided evidence that rehabilitation efficacy is restricted to unsatisfactory
results [6, 7], with regard to 30% to 60% of stroke patients whose more affected arms remain
with no functionality after discharge [8]. Hand rehabilitation is vital to allow patients to perform
activities of daily living (e.g., pick up a cup), however, there is not only a higher variability related
to rehabilitation techniques used, but also it seems these are not totally complete techniques
[9]. In particular, techniques based on neuroscience have been gaining strength, popularity and
space as a new approach of treatment to improve outcome even in situations which patients
present permanent deficits [10]. Thus, the development of new rehabilitation techniques based



on neuroplasticity may be potentially significant to embrace approaches grounded on clinical
and basic sciences highlighted over the past years [11, 12]. At present, some techniques used in
occupational and physical therapy may improve hemiparesis of upper limbs in stroke patients
[13, 14]. Even though physical therapy has been underlined to be applied immediately after
brain damage [15], convincingly results pointing out to stroke rehabilitation as an efficient
technique have been seen even some months or years after the first event (i.e., “chronic” stage)
[16, 17]. Nevertheless, the advantages of therapeutic approaches aiming to promote functional
recovery of motor functions of stroke patients have been observed [18, 19]. Newer
rehabilitation techniques reinforce the importance of the specific practice of motor tasks (i.e.,
repetitive task specific practice) with the affected limb, requiring many sessions of high-duration
therapy [20]. Keeping this in mind, in an attempt to reduce motor deficits and to speed up the
process of functional recovery, several researchers suggested mental practice (MP) like an
additional source (i.e., adjunct technique) to promote motor restoration after stroke [21-23].
MP is based on motor imagery, which motor acts are cognitively rehearsed. In addition, it has
been demonstrated potential results in functional recovery of the affected arm of stroke
patients, leading to the motor relearning process [24-27]. By definition, motor imagery consists
of an active operation whose the motor action is internally reproduced into working memory
without real movements [28-30]. MP promotes improvements in motor learning and
performance when included in rehabilitative strategies [31-33], leading to an activation of the
same neural and muscular substrates when a mental simulation of motor acts occurs during
performance of the same task [34, 35]. Neuroimaging studies have demonstrated similar activity
when compared real with imagined movements, supplying evidence that those similarities are
based on the same process [29, 36]. Within this context, the combination of MP with physical
and occupational therapy appears to be a natural complement based on neurorehabilitation
concepts. Thus, our study seeks to investigate if MP for stroke rehabilitation of upper limbs is an
effective adjunct therapy.

METHODS
Eligibility Criteria

We will adopt the PICOS (population, intervention, group being compared, results and research
design) recommendation to determine the eligibility.

1- Population: men and/or women, physically active or not, with diagnosis of stroke, aged
18 to 80;

2- Intervention: patients should be submitted to a condition of MP or not, plus physical
practice involving the same exercises;

3- Compared to control groups: a control group (i.e., placebo) that did not receive MP
intervention was necessary for comparison;

4- Outcomes: instruments to assess the effects of MP sensorimotor deficits on upper limbs
of post stroke patients;

5- Study design: randomized controlled trials and nonrandomized studies were used to
evaluate the effects of MP on sensorimotor deficits of upper limbs of post stroke
patients

Sources



For the collection of studies the electronic databases MEDLINE/PubMed, ISI Web of Knowledge
and SciELO will be accessed. Experts on the subject of the present study were also contacted to
send articles. To find additional articles, all tables were examined for evidence of previous
systematic reviews and found references to randomized controlled trials as necessary. In
addition, we analyzed the references of all selected articles. The search was terminated on 20
February 2015.

Search

We use an advanced search on the ISI Web of Science, MEDLINE/PubMed and Scielo databases
with the keywords: motor imagery, movement imagery, mental practice, sensorimotor deficits,
upper limbs and stroke. The combination of terms used was: motor imagery AND sensorimotor
deficits OR upper limbs with stroke, mental practice AND sensorimotor deficits OR upper limbs
with stroke, movement imagery AND sensorimotor deficits OR upper limbs with stroke.

Selection of Studies

The selection of studies was performed by two independent researchers that in case of
disagreement sought a consensus on the selection. The evaluation consisted of a selection of
studies by analysis of the title, followed by analysis of the summary and then the analysis of the
full text. With the disagreement between the two researchers, a third one was requested to
finish the process. Relevant articles were obtained and assessed for inclusion and exclusion
criteria described above.

Data Collection

The following data were extracted from the articles: sample size, configuration of mental
practice, setting the physical practice (intensity, number of sets and repetitions, duration of
contractions, rest interval between sets, weekly and total duration), measures of sensorimotor
deficits used in the main studies and significant results. In addition, other information about the
methods and outcomes were collected. These procedures were performed by two independent
investigators, who reached a consensus in case of disagreement.

Exclusion

Criteria We excluded articles that had no intervention of mental practice, those who used other
interventions associated with mental practice that could create a risk of bias in the study. In
addition, studies that did not have a control group, samples aged out of 18-80, individuals with
mental illness or neurological disease, except by stroke, that could create a risk of bias in the
study were removed. The studies that did not detail the statistical procedure applied, or not
presented the results of measurements before and after interventions.

Statistical Analysis

We estimated the pooled effect size by standardized mean differences (SMD), as the selected
studies used different scales of measurement. According to Higgins and Green [37], |12 statistics
under 40% suggest that heterogeneity among studies might not be important. Values over 75%
indicate considerable heterogeneity, which was the case for the SMD. For this reason we used
random effects models that take into account the variance between studies. Forest plots were
used to present these findings. They were built in a way that the point estimates (SMD) and 95%
Cl of individual studies were graphically displayed in each line and the pooled measure was



shown at the bottom. Larger Horizontal lines indicate less precise studies (small effect). The
columns to the right present the numerical findings and the relative weights received by each
study in the process of combining them.

Estimates with p values < 0.05 were considered statistically significant whilst values between
0.06 and 0.10 were suggestive of association. All analyses were performed using Stata 10.0.

RESULTS

Based on the defined criteria, a total of 934 articles were found in the search conducted in the
literature (558 in Pubmed, 376 in ISI Web of Science, 0 in Scielo). After duplicates removal
(n=59), 875 articles remained to be analysed by title and abstracts. After the screening, 865
articles were excluded, which were not related to the proposed theme. Therefore, 10 articles
were analysed by eligibility criteria and by exclusion criteria. Thus, 7 studies were selected which
were properly met the criteria for this review (see Fig. 1 and Table 1).
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Fig. (1). Flow chart for the articles included in the meta-analysis.
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Fig. (2) presents the standardized average differences in two groups (mental practice and
control). The heterogeneity in studies was high (12 = 78.8%). As there was no statistically
significant difference between the two groups (MP vs control), showed a — 0.6 (95% Cl: —1.27 to
0.04), for upper limb motor restoration after stroke.
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Fig. (2). Meta-analysis of studies that assessed the effects of MP as an effective adjunct therapeutic strategy for upper limb motor restoration
after stroke.

DISCUSSION

Our objective was to examine if the combination of MP with physical and occupational therapy
is an effective adjunct therapy for stroke rehabilitation of upper limbs. It is well known that MP
can improve motor gestures and sports skills [27-29]. There is also evidence that brain regions
involved in movement performance are also active during an imagined movement [31-33].
Despite we found studies showing positive findings in favor of MP [38-42], our metaanalysis
demonstrated opposite results. Understanding that the MP alone was not able to promote
significant effects on muscle strength [45], in our current meta-analysis, the results showed that
even as adjunctive intervention method with physical therapy or occupational therapy, MP was
not effective in rehabilitation of upper limbs after stroke. The understanding of neural
mechanisms of MP is not yet fully understood, and it is reasonable to suppose that there are
similarities in neural mechanisms between motor execution and MP. A possible hypothesis
about the mechanisms of MP is that it could lead to changes in motor unit recruitment,
synchronization and/or firing frequency [46]. Within this context, Ranganathan et al. [47]
suggested that MP allows the brain to generate strong signals transmitted to the muscles. There
is a high correlation between regional cerebral blood flow seen by positron emission
tomography and voluntary force levels in several cortical motor areas [48]. Likewise, there was
a positive correlation between the signal strength and the levels of activity on functional
magnetic resonance imaging [49]. We can try to explain the supposed mechanism of
improvement, linking MP to dopamine release by corticostriatal pathways associated with
primary motor area. These connections are associated with learning a new pattern of movement
and the formation of a new motor memory [50]. Assuming that regional cortical activity in the
primary motor area is increased with the MP, as proposed in literature [38, 51], perhaps this
may be reflected in an increase of the specific input of this neurotransmitter. Previous studies



of patients with Parkinson's disease discuss the important role of dopaminergic inputs in the
imaginary motor translation for real motor task performance [48]. Despite the
neurophysiological events described, these mechanisms are still inconsistent in the perspective
of MP and its influence on rehabilitation after stroke. Given our results, the relevance of such a
mechanism is debatable. Methodological differences or significant limitations among the studies
may have contributed to some way in our results. An important question is to know when to
intervene with MP becomes effective in motor rehabilitation of upper limbs in post-stroke
patients. Our results showed that, out of the seven studies selected for the meta-analysis, only
the study by Riccio et al. [42] showed improvements in rehabilitation when MP was added to
physical therapy. Riccio et al. [42] using an appropriate methodological design found significant
results from the instruments (i.e., Arm Functional Test, Motricity Index, Functional Ability Scale),
providing information about the quality of performance, ability and driving force. The studies
that do not showed favorable effects to inclusion of MP had important limitations related to
sample size [38, 39, 41]. In addition, the study Page et al. [38] used in addition to the MP with
the affected limb, physical stimulation to the non-affected limb, and this may have contributed
to possible differences due to possible contralateral strength gains [52]. It seems that the
compromise of the integrity of anatomical structures is the key factor to no improvements in
motor functions of poststroke patients [34]. There was also great variation on the instruments
used to assessment, and therefore make difficult future comparisons. With the exception of
Page et al. [38-41] that conducted most of the included studies, and then the instruments are
comparable, Bovend'Eerdt et al. [43] used instruments to assess attention, learning and
memory, as well as the motor functions to investigate the effects of MP (Short Orientation
Memory Concentration Test-and Motricity index). Even with experiments demonstrating that
MP combined with physical activity (i.e., physical and occupational therapy) is effective on
reduction of sensorimotor deficits in stroke patients [38-41], our meta-analysis demonstrated
the opposite findings. Due to the diversity of methodologies used in the studies, such as
frequency, duration, volume and limb, we found a high discrepancy in the results, making it
difficult to establish useful recommendations for use of MP. Reduction in sensorimotor deficits
may be due to familiarization with the exercises, since favorable results were found in control
groups [43, 44]. Thus, we cannot claim that MP is an effective alternative to provide
sensorimotor gains, but its application can be an alternative in cases where the impossibility of
performing motor rehabilitation for maintaining motor functions during short periods of
detraining or as an adjunct treatment to traditional stroke rehabilitation.

CONCLUSION

The present meta-analysis concluded that MP is not effective as adjunct therapeutic strategy for
upper limb motor restoration after stroke. Thus, it is recommended that further studies must be
conducted to determine specific parameters such as number and weekly frequency, duration
(minutes per session), type (visual or kinesthetic) and the appropriate moment to apply mental
practice (phases recovery of pathology), in order to create specific protocols for each treatment
phase. In addition, it is also necessary further studies with this same design using neuroimaging
techniques in order to obtain more information about the patterns of brain activation and
reorganization.

LIST OF ABBREVIATIONS
ARAT = Action Research Arm Test

FMS = Fulg Meyer Scale



mCIMT = Modified Constraint Induced Movement Therapy
MP = Mental Practice

SMD = Standardized Mean Differences
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