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Introduction: Hemiparesis is the main sensorimotor deficit after stroke. It can result in limitations in Activities of Daily Living (ADL) and social participation. Hemiparesis can be treated with behavioral techniques of intensive use of the affected arm, such as constraint-induced movement therapy (CIMT), however, it remains unclear whether motor improvement can lead to increases in the domains of activity and participation.

Objective: Identify whether CIMT is superior to usual techniques to enhance activity and participation outcomes in stroke survivors.

Methods: A systematic review with meta-analysis was conducted, based on the PRISMA guidelines. Search databases were: PubMed, LILACS, Embase, SciELO, Cochrane Library, Scopus, Medline, and Web of Science, with no language restriction. Meta-analysis was performed with Review Manager (version 5.3), significance level p ≤ 0.05.

Results: A total of 21 articles were included for analysis. Superior effects were observed on motor function and performance in activities of daily living of individuals treated with CIMT. The outcomes measures utilized were: Fugl-Meyer Assessment (p = 0.00001); Wolf motor function test (p = 0.01); Modified Barthel Index (p = 0.00001); Motor Activity log (MAL) Amount of use (AOU) (p = 0.01); MAL Quality of movement (QOM) (p = 0.00001); Action Research Arm Test-ARAT (p = 0.00001); and FIM (p = 0.0007).

Conclusion: Our results show that CIMT results in more significant gains in the functional use of the upper limb in ADL and functional independence, demonstrating superior activity and participation results in stroke survivors when compared to conventional therapies.
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Introduction

Stroke is a matter of public health and the second leading cause of death in the world, with nearly 5.5 million deaths per year and affecting approximately 13.7 million people (Kuriakose and Xiao, 2020).

Several bodily systems can be compromised after a stroke. Deficits in motor skills can include hemiparesis, especially of the upper limb, as the main sensorimotor deficit after a stroke, affecting functional performance (Eichinger et al., 2020).

Physiologically, the function of the arm is impaired due to the imbalance of the transcallosal inhibitory circuits between the areas of the primary motor cortex of the cerebral hemispheres, in which there is an increase in the excitability of the less affected hemisphere. This leads to exaggerated inhibition of the most affected hemisphere, called imbalance of the inter-hemispheric competition (Nowak et al., 2009).

Among the techniques to promote rebalancing of inter-hemispheric competition after stroke, practice guidelines and meta-analyses (Winstein et al., 2016; Teasell et al., 2020) recommended the Constraint-induced movement therapy (CIMT) with a high level of scientific evidence. In the last years, studies have pointed to evidence that CIMT can be useful in promoting improvements in upper limb motor function (Bang, 2016; Ju and Yoon, 2018). The CIMT consists of the constraint of the non-hemiparetic upper limb for several hours a day, combined with a repetition of intensive shaping and task practices with the paretic upper limb (Wu et al., 2013). Furthermore, the transfer package (TP), a set of behavioral techniques to facilitate the transfer of therapeutic gains from the treatment setting to daily life, is also an important strategy of CIMT (Taub et al., 2013).

Most studies with CIMT analyzed the effects of the technique on body function and structure with excellent results (Gauthier et al., 2008; Hayner et al., 2010; Wang et al., 2011; Brunner et al., 2012; Abo et al., 2014; Ju and Yoon, 2018; Abba et al., 2020).

A previous study investigated the effects of CIMT on involvement in day-to-day activities and social participation, with results indicating possible improvements (Peurala et al., 2012) and improved patient-reported outcomes of health status (PROsHS) after stroke; however, for this outcome, CIMT does not seem to be superior to conventional therapy based on the current literature (Abdullahi et al., 2021). Similarly, in a broader Cochrane review published in 2015 (Corbetta et al., 2015), the authors found that CIMT was associated with limited recovery in motor impairment and motor function. On the other hand, such benefits did not satisfactorily translate to disability improvements. Corbetta et al. (2015) focused their Cochrane review on disability as a primary outcome, while the secondary outcomes were actual and perceived upper limb motor function, motor impairment, dexterity, and quality of life. Conversely, less attention was given to activity and participation outcomes, which are considered relevant for a successful post-stroke recovery (Noreau et al., 2004; Woodman et al., 2014). Additionally, considering the increased rate of publication on stroke recovery over the years (McIntyre et al., 2014) and the tendency to overestimate clinical trial results in neurorehabilitation (Tosatto et al., 2022), an updated systematic review may potentially be helpful for health professional to guide decision-making processes. Thus, the present study aims to provide an updated search from recent years and investigate if CIMT is superior to conventional therapies for improving the activity and participation in stroke survivors.

The World Health Organization (WHO) International Classification of Functioning, Disability and Health (ICF), describes activity as the performance of a task or action by an individual; and participation as its involvement in real situations of daily life (Engkasan et al., 2019). Activity can be considered the tasks a person performs during therapy to improve motor and/or sensory function. In other words, grasping a cup and lifting it to another place can be considered an activity, according to ICF, whereas participation is when the subject is doing real-life situations such as self-care occupations (ADL). Moreover, individuals after a stroke may have limitations in performing ADL and decreased participation in work and social life (Birke et al., 2020). In addition, restrictions on personal care during meals and household tasks, abandonment of leisure activities and hobbies can be identified (Lindgren et al., 2018). Therefore, this study aims to verify the following question: “Does constraint-induced movement therapy (CIMT) improve the activity and participation of stroke survivors compared to conventional therapies?”



Methods

This research is a systematic review with meta-analysis, based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology (Galvão et al., 2015). Figure 1 describes the flowchart of the method applied.
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FIGURE 1
PRISMA flow diagram.



Eligibility criteria

As inclusion criteria, we considered randomized and non-randomized clinical trials, whose outcomes focused on activity/participation or functionality or occupational performance (the ability to plan and carry out roles, routines, tasks and sub-tasks for the purpose of self-maintenance, productivity, leisure and rest in response to demands of the internal and/or external environment). In their objectives, these studies must have also included a comparison between CIMT and any conventional therapy. A population of adult stroke survivors at any stage of the disease (acute, subacute or chronic) were included. We included articles available only with full text, published in journals, with no language restriction. As exclusion criteria letters to the editor, systematic (narrative) reviews, opinion pieces and experimental designs with animals were not considered for this review.



Searching

At first, a guiding clinical research question was formulated using the PICO framework. Then, the search terms were defined based on the guiding question, followed by a check to determine whether the terms corresponded to the Medical Subject Headings (MeSH) classification. The main terms and entry terms were chosen for further search in the databases. The Boolean operators “AND” and “OR” were used. The following keywords were used: stroke; constraint-induced movement therapy; conventional therapy; activities of daily living; participation (Supplementary Appendix A).

In the first stage, the search for articles was carried out in the following databases: PubMed, LILACS, Embase, SciELO, Cochrane Library, Scopus, Medline and Web of Science during the months of December/2020 and January/2021. Selected publications between 2000 and 2020 were included in our review. Manual searches were also carried out in Google Scholar using the references of selected articles from databases, in theses and dissertations.



Selection process

Two independent researchers searched and then jointly decided which studies would be included based on the eligibility criteria for this study. All articles were reviewed based on their titles and abstracts. Any discrepancies regarding record inclusion were resolved through consensus or consultation with a third reviewer author (AFZ and JAA). Duplicate publications were excluded. Then in the next step, the included articles were read in full for data extraction to compose the results matrix. Studies from the same research team were included because the CIMT protocols were different, and the study’s sample size was different. In addition, every effort was made to include articles in this review, paid articles or unavailable for download were requested via email to the librarian at the University where the study was conducted or direct email to the authors’ articles of interest.



Data collection process

The data extracted from the articles to make the result matrix were: author’s name, publication year, study aims/objectives, number of participants, main results, dosage, and conclusion (Supplementary Table 1).



Data analysis

For qualitative analysis, the parameters of the PEDro Scale were used. This scale is an instrument to assist users of the PEDro database to rapidly detect studies with internal validity and relevant information for interpreting the results. This tool consists of 11 criteria, classified as “no” or “yes” if the item is satisfied (Table 1). In addition, the score is calculated from criterion 2 until 11, as the first criterion refers to external validity (Shiwa et al., 2011).


TABLE 1    Qualitative analysis of studies on the PEDro scale.
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For quantitative analysis, the results were shown as mean and standard deviation analysis, with 95% confidence intervals (CI), presented using forest plots. For the meta-analysis, groups were allocated into control (conventional therapy, i.e., exercises and functional activities commonly applied in clinical practice) or experimental (CIMT with or without conventional therapy).

Upper limb motor function and activity, and participation were evaluated. Heterogeneity was quantified by the Cochran test (Ch2) which identified the inconsistency (percentage of the total variation of the studies due to heterogeneity) of the effects by the I2 statistics. A random analysis model was used; considering that the levels of a factor in a population were randomly captured, it was assumed that the individual effects were randomly distributed around an average. Funnel plots were used to assess publication bias. The Review Manager statistical program (version 5.3, Informer Technologies, Inc.) was used, with a significance level of p ≤ 0.05.




Results

According to the search method, 658 articles were found. After eliminating duplicates, 332 were analyzed by reading the title and abstract. Of these, 70 articles were read in full. Of these, 49 articles were excluded for not meeting all the inclusion criteria. At the end of this process, 21 articles were included in the systematic review (see flowchart, Figure 1). Characteristics of the included studies were all in the English language, with a sample varying from 10 to 76 individuals, samples age ranging from 18 to 90 years old, and a time ranging from 1 to 36 months since the onset of stroke (ischemic or hemorrhagic). Supplementary Table 1 summarizes the characteristics of the included studies.

Regarding treatment techniques, the studies addressed CIMT; both in association with CIMT and trunk restriction (Bang, 2016, Bang et al., 2018); CIMT plus eye patching (Wu et al., 2007) mental practice (Page et al., 2009; Kim et al., 2018) and mirror therapy (Yoon et al., 2014), as well as techniques that were used in another group as a form of control: proprioceptive neuromuscular facilitation (Abba et al., 2020); bilateral treatment of equal intensity (Lin et al., 2009a; Hayner et al., 2010; Brunner et al., 2012); traditional therapies such as stretching, weight-bearing, balance, and functional task performance (Lin et al., 2007, 2009b; Wang et al., 2011; Smania et al., 2012; Kim and Chang, 2018); neurodevelopmental techniques (Gauthier et al., 2008); Low-Frequency rTMS and Occupational Therapy (Abo et al., 2014); and mirror therapy (Ju and Yoon, 2018).

With regard to the assessments/outcome measures examined, the majority of the studies used the following three assessments: 85.7% used the Mini Mental State Examination, 66.6% the Motor Activity Log and 52.3% the Modified Ashworth Scale. In addition to these, 47.6% of the studies used the Fugl Meyer assessment; 38% the Brunnstrom Scale; 33.3% the Wolf Motor Function Test (WMFT); 23.8% the Barthel Index; 19% used the Functional Independence Measure and 19% used the Action Research Arm Test (ARAT).

Stroke Impact Scale, Canadian Occupational Performance Measure, Kinematic analysis, Nine Hole Peg Test and Visual Analog Scale were used only in 9.5% of studies; and the Manual Function Test (MFT) was used in 14.2% of the articles. The other assessment instruments included in 4.7% of the studies were the Profile of Daily Experiences of Pleasure, Productivity and Restoration (PPR Profile); Motor Activity Diary; Maximum Elbow Extension Angle during Reach (MEEAR); European Stroke Scale; Briggs-Nebes; motricity index; Goniometer; Nottingham Extended ADL Scale; Balance assessment developed by the author himself; Edinburgh Handedness Inventory; Catherine Bergego scale; 3D Motion Analysis; Motor evoked potential amplitude (MEP); Random Chinese Word Cancellation Test; randomversion of the SymbolCancellation Test; Motor Activity Diary Usage Quality Scale; Box and Block test; Grip strength test; Double Simultaneous Stimulation Test and Line Bisection Test.

Approximately 30.5% of all assessments used by the authors were activity-oriented and 13.8% focused on participation. The studies in this review included patients in three distinct phases of stroke: acute, subacute and chronic. The superior beneficial effects of CIMT were evidenced by improvements in motor function and occupational performance of the paretic upper limb when compared to the conventional treatments. In addition, 10 articles reported an improvement in activity (47.6%) and only 1 stated an improvement in participation (4.7%).


Meta-analysis

Regarding the meta-analysis, 15 articles were included. Only the studies that presented, in their results, mean and standard deviation were added to the meta-analysis. The overall analysis found significant improvements in the experimental group (treatment) for the outcomes assessed by: Fugl-Meyer Assesment (mean difference = 4.07 Confidence interval—95%CI [2.42–5.71]; I2 = 62%, p = 0.00001) (Figure 2); Wolf motor function test (mean difference = 0.41 Confidence interval—95%CI [0.10–0.72]; I2 = 81%, p = 0.01) (Figure 3); Action Research Arm Test-ARAT (mean difference = 5.98 Confidence interval—95%CI [5.42–6.53]; I2 = 67%, p = 0.00001) (Figure 4) Modified Barthel Index (mean difference = 10.66 Confidence Interval—95%CI [7.75–13.56]; I2 = 0%, p = 0.00001) (Figure 5); MAL AOU (mean difference = 0.49 Confidence Interval—95%CI [0.38–0.61]; I2 = 79%, p = 0.01) (Figure 6A); MALQOM (mean difference = 0.53 Confidence interval—95%CI [0.40–0.66]; I2 = 78%, p = 0.00001) (Figure 6B); FIM (mean difference = 5.44 Confidence interval—95%CI [2.31–8.57]; I2 = 0%, p = 0.0007) (Figure 7). In addition, the funnel plots show symmetrical results and high concentration at the top of the pyramid, indicating a low risk of bias of studies included in the meta-analysis (Supplementary Appendix B).
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FIGURE 2
Forest Plot of the manual function assessed by the Fugl Meyer test. SD, standard deviation; CI, confidence interval.
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FIGURE 3
Forest Plot of the manual function assessed by the Wolf Motor Function test. SD, standard deviation; CI, confidence interval.
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FIGURE 4
Forest Plot of the manual function assessed by the Action Research Arm Test. SD, standard deviation; CI, confidence interval.
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FIGURE 5
Forest Plot of the activity/participation assessed by the test Modified Barthel Index. SD, standard deviation; CI, confidence interval.
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FIGURE 6
(A) Forest Plot of the activity/participation assessed by the test Motor Activity Log Amount of Use. (B) Forest Plot of the activity/participation assessed by the test Motor Activity Log Quality of Movement. SD, standard deviation; CI, confidence interval.
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FIGURE 7
Forest Plot of the activity/participation assessed by the test Function Independence Measure. SD, standard deviation; CI, confidence interval.





Discussion

The results demonstrate that the CIMT produced significant improvements with regard to the motor and function of the upper limb compared to some conventional therapies, such as mirror therapy, bilateral arm training, intensive conventional rehabilitation, mental practice, proprioceptive neuromuscular facilitation, conventional rehabilitation and conventional rehabilitation therapy (Lin et al., 2007, 2009b,2010; Wu et al., 2007; Page et al., 2009; Wang et al., 2011; Smania et al., 2012; Yoon et al., 2014; Atler et al., 2015; Ju and Yoon, 2018; Kim and Chang, 2018; Abba et al., 2020). In contrast, other results indicate that CIMT combined with another treatment technique (such as mental practice, auditory feedback, trunk restriction, and mirror therapy) results in a significant improvement compared to the therapy alone (Page et al., 2009; Yoon et al., 2014; Bang, 2016, Bang et al., 2018; Kim et al., 2018).

In the research in which CIMT was compared with Bilateral Arm Training (BAT), it was observed that both techniques are effective in terms of improving the general motor skills of the upper limb (Lin et al., 2009a). CIMT resulted in significant improvements in the functional use of the upper limb in daily activities and improved functional independence. However, in relation to the improvement of the proximal motor function, the BAT had a superior outcome (Lin et al., 2009a).

In addition to BAT, another technique that was superior when compared to CIMT was low-frequency repetitive transcranial magnetic stimulation (LF-rTMS) combined with intensive occupational therapy by improving movement and function (ADLs) of the entire upper limb (Abo et al., 2014). The researchers speculate that this superiority of the two techniques compared to CIMT can be related to the neuromodulation effects on direct functional reorganization in the brain, accelerating the plasticity process (Abo et al., 2014).

Few studies have related the results to the participation of stroke survivors in the context of daily living. Only one study used ICF participation as the primary research outcome (Atler et al., 2015). The research by Atler et al. (2015) investigated the relationships between participation, motor function and activity in 12 individuals with ischemic or hemorrhagic stroke with a mean time of 3 years since the stroke onset. Participants were asked to fill in the Functional Profile for three days a week to register the activities and evaluate their experiences of pleasure, productivity and restoration. For each activity recorded, the participant specified if the activity was performed alone or with another person and the location of the activity.

The motor function and activity results provide evidence that there is significant improvements after therapy in the upper limb. However, they also stated that this recovery is not retained after treatment, indicating that a single dose of CIMT is ineffective for long-term recovery in stroke survivors. Regarding participation, the findings of this study indicated that participants spent most of their time in IADL or household management activities and indicated that participants took longer to carry out household activities, consequently having less time for community activities and leisure. The authors concluded that improving motor skills does not reflect greater participation (Atler et al., 2015).

It is important to emphasize that it is essential to consider participation as an outcome measure to examine the impact after a stroke and collaborate with health professionals who also aim to improve the performance of daily activities of stroke survivors, especially in the engagement in ADL (Atler et al., 2015). The results of the study by Atler et al. (2015) reinforce that the improvement in motor function or activity performance does not necessarily result in greater participation in activities and life roles, suggesting the need for additional interventions that emphasize the reintegration of survivors into communities, rather than just focusing on restoring motor function.

Ju and Yoon (2018) conducted a study with 28 patients in the acute phase of stroke by comparing mirror therapy and CIMT to evaluate whether the improvement in limb function results in better ADL performance. Both groups participated in ADL training and self-exercise with therapeutic equipment. After the intervention, only the CIMT group had an improvement in the upper limb function, which influenced the performance of ADL, such as hygiene and feeding.

The results of another study evidenced a reduction in motor impairment and greater gains in functional capacity after CIMT, especially for self-care, locomotion and mobility (Lin et al., 2009b). The study reported a significant improvement in functional performance in individuals who received CIMT and suggested a better transference of treatment effects to daily life in patients allocated into this group (Wu et al., 2007).

Recently, another study verified the effects of CIMT on upper limb function and occupational performance of 14 stroke survivors, divided into experimental and control groups. The experimental group received CIMT and conventional rehabilitation therapy (CRT), which consisted of occupational and physical therapy; the control group received only CRT. The results showed that CIMT significantly improved occupational performance and upper extremity function compared to CRT (Kim and Chang, 2018).

Our meta-analysis indicated that CIMT protocols were superior and led to significant results for the motor function of the upper limb (Fugl-Meyer, WMFT and ARAT) and for the activity and participation outcomes (Modified Barthel, Motor Activity Log, and FIM). Thus, it is possible to conclude that the CIMT technique improves the ability of the upper limb and enhances the performance of ADL, resulting in an increased level of activity and participation. Methodologically, an aspect that should be noted when interpreting the present systematic review and meta-analysis findings pertains to the differences in primary endpoints of each included study. Indeed, the time frame when the outcome measures were collected may have a major influence on findings, e.g., between-group differences at 90 days and 6 months are more likely to be greater than differences at 1 year.

A different result found by Dromerick et al. (2009) states that the CIMT was as effective but not superior to an equal dose of traditional therapy during inpatient stroke rehabilitation equally. Furthermore, the authors stated that higher-intensity CIMT resulted in less motor improvement for up to 90 days, indicating an inverse dose-response relationship. However, it is possible that the VECTORs trial results were unfavorable because the authors did not consider the need for wrist and finger movements that are necessary for the patient to be eligible to receive CIMT. According to the authors, the inclusion criteria: “proximal UE voluntary activity indicated by a score of 3 on the upper arm item of the Motor Assessment Scale, but wrist and finger movement was not required.”

CIMT improves the use of the upper limb in activities and social participation because it induces plastic changes in the brain structure, consequently improving the upper limb’s performance in real life.

Following CIMT, the size of contrast-enhanced bilateral sensorimotor cortex on the voxel-based morphometry on T1-weighted magnetic resonance imaging scans increased. In addition, a correlation between the size of bilateral contrast-enhanced sensorimotor cortex and the degree of the functional recovery of the most affected upper limb has been reported (Gauthier et al., 2008). A sustained increased use of a body part leads to an increase in the brain’s cortical representation of that body part, while a decreased input reduces the representational zone of body part (Jenkins et al., 1990).

Three different explanations provided converging evidence that the group receiving CIMT therapy showed changes in gray matter in sensorimotor areas of the central nervous system and hippocampus, associated with improvements in spontaneous real-world arm function. In addition to the forced use of the upper limb during the therapy, the TP was found useful for improving learning and generalized movements to real-life environment. On the other hand, individulas whose therapy did not incorporate the TP, recovery was not the same as those of patients who used the forced upper limb in home settings (Gauthier et al., 2008).

The CIMT therapy produces functional changes in the brains of individuals with stroke in areas involving increases in the differential excitability, metabolic activity, and oxygen consumption of sensorimotor regions of the brain but also induces morphometric changes (Gauthier et al., 2008). Notably, increases were reported in the gray matter of the hippocampus. The hippocampus is known to be involved in learning and memory, which may explain the increase in quality and amount of use of the upper limb in ADL (Yamashima et al., 2004).

It is important to acknowledge that a Cochrane review was published in 2015 (Corbetta et al., 2015) to evaluate the effect of CIMT on upper limb recovery in individuals with stroke. The authors included more studies (n = 42) compared to the present work (n = 21). This difference may be explained by the chosen time frame, the database of the electronic searches and the eligibility criteria adopted. The Cochrane review searched fifty years back from 2015 and focused their work on upper limb disability, while we searched from 2000 to 2020, focusing primarily on activity and participation. We decided to update the topic to keep the evidence for researchers and clinicians up-to-date, considering that published works in the last years (i.e., from 2015) may lead to changes in the conclusions (Shojania et al., 2007). Our study showed that CIMT might improve activity and participation in stroke survivors. Clinicians should consider implementing CIMT when targeting activity and participation outcomes. Further research is warranted to investigate the effects of CIMT on ICF core sets, i.e., simultaneously changes in more than one ICF domain, and to determine the extent to which clinical and demographic characteristics of stroke survivors may influence the CIMT intervention.



Conclusion

The studies included in this meta-analysis provide evidence that supports the effectiveness of CIMT in stroke survivors to improve motor function and functionality of the upper limb compared to conventional therapies. The findings from clinical investigations demonstrate that CIMT results in improvements in ADL performance and associated upper limb function, a reduction of motor impairment, and better transference of treatment effects to daily life, thus increasing the activity and participation of this population.
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