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Abstract

Background: Patients who have had a stroke may not be familiar with the terminology nor have the resources to efficiently
search for evidence-based rehabilitation therapies to restore movement and functional outcomes. Recognizing that a thorough
systematic review on this topic is beyond the scope of this article, we conducted a rapid review evidence summary to determine
the level of evidence for common rehabilitation interventions to improve movement/motor and functional outcomes in adults
who have had a stroke.

Objective: The objective of this study was to find evidence for common rehabilitation interventions to improve movement/motor
and functional outcomes in adults who have had a stroke.

Methods: Medline Complete, PubMed, CINAHL Complete, Cochrane Database, Rehabilitation and Sports Medicine Source,
Dissertation Abstracts International, and National Guideline Clearinghouse, from 1996 to April of 2016, were searched. From
348 articles, 173 met the following inclusion criteria: (1) published systematic reviews or meta-analyses, (2) outcomes target
functional movement or motor skills of the upper and lower limbs, (3) non-pharmacological interventions that are commonly
delivered to post-stroke population (acute and chronic), (4) human studies, and (5) English. Evidence tables were created to
analyze the findings of systematic reviews and meta-analyses by category of interventions and outcomes.

Results: This rapid review found that the following interventions possess credible evidence to improve functional movement
of persons with stroke: cardiorespiratory training, therapeutic exercise (ie, strengthening), task-oriented training (task-specific
training), constraint-induced movement therapy (CIMT), mental practice, and mirror therapy. Neuromuscular electrical stimulation
(NMES) (ie, functional electrical stimulation) shows promise as an intervention for stroke survivors.

Conclusions: Most commonly delivered therapeutic interventions to improve motor recovery after a stroke possess moderate
quality evidence and are effective. Future research recommendations, such as optimal timing and dosage, would help rehabilitation
professionals tailor interventions to achieve the best outcomes for stroke survivors.

(J Participat Med 2018;10(1):e3) doi: 10.2196/jopm.8929
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Introduction

While the mortality rate from stroke has declined by 35% from
2001 to 2011, stroke remains the leading preventable cause of
disability, leaving many stroke survivors with daily challenges
[1], such as impairments in mobility, activities of daily living,
house maintenance tasks, leisure activities, and stamina [2].
Stroke rehabilitation interventions are therefore critically
important to maximize functional recovery and independence.
Although an evidence summary of exercise therapy was
published in 2005, it was not specific to stroke and was written
in Dutch [3].

Among the many stakeholders interested in outcomes, clinicians
and patients/caregivers seek trustworthy information about
therapies (ie, evidence summary). Clinicians and policy-makers
may not have the time to comprehensively research, given the
rapid proliferation of research [4]. As patient-centeredness is
increasingly adopted in clinical settings, it is important to not
only respect patients’ preferences, but to also facilitate patients’
engagement and knowledge about their health condition [5].
Patients who have had a stroke may not be familiar with the
terminology nor have the resources to efficiently search for
evidence-based rehabilitation therapies to restore movement
and functional outcomes. Recognizing that a thorough
systematic review on this topic is beyond the scope of this
article, we conducted a rapid review evidence summary to
determine the level of evidence for common rehabilitation

interventions to improve movement/motor and functional
outcomes in adults who have had a stroke.

Methods

Rapid review evidence summaries provide trustworthy
information for broad questions to end users in a timely manner
[6]. We specified the following inclusion criteria: (1) published
systematic reviews and meta-analyses, (2) outcomes include
functional movement or motor skills of the upper and lower
limbs, (3) non-pharmacological interventions commonly
delivered to poststroke population (acute and chronic), (4)
human studies, and (5) English language. We excluded
interventions that are not commonly delivered in postacute care
settings, such as aquatic therapy and robotics. We sought Level
1 evidence from Medline Complete, PubMed, CINAHL
Complete, Cochrane Database, Rehabilitation and Sports
Medicine Source, Dissertation Abstracts International, and
National Guideline Clearinghouse, from 1996 to April of 2016.
Search terms included similar terms of the intervention, as well
as stroke, systematic review, and meta-analysis (see Table 1) .
When questions arose about article inclusion or search terms,
we discussed these items and rationales until an agreement was
reached.

We screened 348 articles and identified 173 articles that met
the inclusion criteria (see Table 2). Evidence tables were
constructed to categorize and describe the results. After analysis,
narrative summaries were written for each category.

Table 1. Search terms for interventions.

Search terms usedCategory

Exercise, strength, resistance training, progressive resistance, physical activity, circuit training, cardiores-
piratory, exercise therapy, function, intervention, mobility, motor, stroke, systematic review, evidence
synthesis, meta-analysis

Exercise–resistance training

Constraint-induced, movement, systematic review, meta-analysis, strokeConstraint induced movement therapy

Task-oriented training, task-specific training, stroke, systematic review, meta-analysis, repetitive task
practice

Task-oriented training

Mirror therapy, systematic review, meta-analysis, stroke, motorMirror therapy

Electrical stimulation, electrostimulation, electric stimulation, neuromuscular stimulation, systematic
review, meta-analysis, stroke, motor

Neuromuscular electrical stimulation

Mental practice, mental rehearsal, motor imagery, systematic review, meta-analysis, strokeMental practice

Table 2. Search results.

Articles meeting criteriaNumber of articlesCategory

55165Exercise–resistance training

3554Task-oriented training

2634Constraint induced movement therapy

1422Mental practice

1219Mirror therapy

3154Neuromuscular electrical stimulation

173348Total
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Results

Interventions
In stroke rehabilitation, practitioners can choose among many
rehabilitation interventions but this article will focus on
interventions that facilitate functional movement and motor
outcomes.

Based upon systematic reviews, common motor interventions
include: cardiorespiratory training, therapeutic exercise,
constraint-induced movement therapy (CIMT), task-oriented
training or repetitive task practice, mental practice, mirror
therapy, and neuromuscular electrical stimulation [7-9].
Interventions can vary by application, including method,
therapist skill and familiarity of intervention, and amount of
patient participation [10].

Cardiorespiratory Training
Cardiorespiratory training and aerobic exercise provide several
health benefits to survivors of stroke. Two meta-analyses support
aerobic exercise’s positive effect on walking speed and walking
endurance [11,12], but these effects do not extend to the Timed
Up and Go (TUG) Test [11], Berg Balance score, Functional
Independence Measure score [12]. Similarly, systematic reviews
reported that gait-oriented cardiorespiratory training improves
walking speed and tolerance [13,14], walking distance and peak
oxygen uptake [15], and walking capacity [16]. Mixed training
resulted in weaker effects on walking, and possibly balance
[17].

While one systematic review reported an insufficient level of
evidence for cardiovascular exercise’s effects on disability,
impairment, extended activities of daily living, and mortality,
this review was published in 2003 and only included three trials
[18]. Recent systematic reviews have concluded that
cardiorespiratory training and exercise improve disability during
or after usual stroke care [16,19] and improve health-related
quality of life, respectively [20,21]. A review of 58 trials
reported that cardiorespiratory training can produce moderate
improvement on global indices of disability (standardized mean
difference [SMD]=0.52, 95% confidence interval [CI] 0.19 to
0.84; P=0.002) [17].

Further research is needed to determine optimal dosing and
long-term outcomes of cardiorespiratory training. From the 14
reviews found, cardiorespiratory exercise is effective for
improving movement and health-related quality of life of
individuals who have had a stroke [3,8,22].

Strengthening Interventions
Therapeutic exercise increases strength and activity [9,23], but
the specific movement outcomes associated with exercise are
unknown. Evidence syntheses from 23 reviews report the
following benefits of exercise or strengthening interventions:
(1) increased strength [23-25], (2) increased motor activity
[23,24], (3) improved balance [26], (4) longer walking distance
[15,27], and (5) faster walking speed [25,27-29]. Research
suggests that circuit class training can improve walking distance
[30], walking speed, and walking ability [31], even for
individuals with chronic stroke [30]. However, passive

interventions appear less effective; one Cochrane review found
little positive evidence for stretching, passive exercises and
mobilization of the hemiplegic arm after stroke [32].

Based upon ten systematic reviews, progressive strengthening
exercises are effective in improving leg strength and some
aspects of gait performance [21,33]. Studies have shown that
lower limb resistance training can improve comfortable gait
speed and walking distance [34], as well as functional outcomes
and quality of life [25]. However, there is insufficient evidence
for lower limbs’effect on walking and balance [35] and pedaling
exercise’s effect on motor function [36]. A recent Cochrane
review determined that using resistance training to increase
walking speed is not supported by evidence [16]. Clinicians can
reassure patients who have had a stroke that strengthening does
not increase spasticity [23,24] or pain [24]. Among the four
reviews examining the evidence for trunk exercises, two reviews
concluded that trunk training exercises and lumbar stabilization
exercises can improve trunk movement and dynamic sitting
balance [37,38]. Aerobic exercise can improve balance of people
with subacute and chronic stroke, whereas multisensory
programs are less effective [26]. Moreover, balance training is
feasible for people in a 1:1 model in the acute stage of stroke
and either 1:1 or group therapy for those in the subacute or
chronic stroke phase [39]. Exercise should be performed at least
20-60 minutes, 3-4 times a week, for 6-12 weeks. Evidence
suggests that more is not necessarily better in the acute stage;
exercising 90 minutes or more per day, 5 times per week may
not be therapeutic [39].

Four reviews examined the effectiveness of bilateral and
unilateral upper limb strengthening. A review from 2010 deemed
the evidence for bilateral training as insufficient, when compared
to placebo, no intervention, or usual care [40]. Van Delden and
colleagues’meta-analysis reported that a marginally significant
mean difference for perceived upper limb activity performance
and quality of movement was found for those receiving
unilateral training [41]. Although one review favored bilateral
therapy’s effect on upper limb function of adults with chronic
stroke [42], the most recent review, examining functional task
training, bilateral training with rhythmic auditory cues, and
robot-assisted training, concluded that these therapy approaches
produced results similar to usual therapy [43]. Thus, while
bimanual training may improve proximal control, these benefits
are offset by the reduced amount and quality of upper limb use
from the participants’ perspective [43]. Perhaps the conscious
focus for unilateral training positively influences the
participants’ opinion of the affected limb’s activity level and
movement quality. Despite these findings, a Cochrane review
highlighted the need for high-quality randomized controlled
trials (RCT) to examine the effects of strength training [7]. In
summary, bilateral training appears to produce results that are
comparable to usual therapy, but unilateral training may produce
better patient-reported outcomes.

Task-Oriented Training
Task-oriented training (ie, repetitive functional task training,
task specific training) is a cost- effective intervention for
individuals who have experienced a stroke [44]. Characterized
by a composition of 15 components (eg, goal-directed,
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functional, client centered, repetitious, context specific,
progressive, and distributed practice), task-oriented training can
be successfully applied when factors of intensity, duration of
training, and the proper combination of specific components
are incorporated [45]. Among these components, the use of
“Distributed practice” and “Feedback” were associated with the
largest postintervention effect sizes, and “Random practice”
and “Use of clear functional goals” were associated with the
largest follow-up effect sizes [45]. Interestingly, the number of
components used during an intervention did not correlate with
the posttreatment effect size. 

Task-oriented training can improve gait, and can benefit people
with chronic stroke [30,46]. Despite States and colleagues’
review concluding insufficient evidence for overground gait
training [47], several systematic reviews support intensive
repetitive task training’s effects on gait and gait-related activities
[22,48,49]. While repetitive task training can produce significant
gains in the movement performance of legs (eg, gait velocity,
gait endurance, balance, Timed Up and Go Test), such effects
do not extend to arm functioning [46,50]. One review suggested
that task-oriented training may even be more effective than
traditional therapies [51].

To improve aspects of walking ability, treadmill training can
increase walking distance and maximum walking speed [52,53].
With regard to supporting body weight or not during treadmill
training, it depends upon individuals’ walking ability. A recent
Cochrane review found that individuals poststroke who can
walk benefit more from body-weight supported treadmill training
than people with stroke who aren’t able to walk, especially in
walking endurance [54]. Veerbeek and colleagues’ review
concurred with the use of body-weight supported treadmill
training for improving walking distance and noted that
electromechanical-assisted gait training with functional
electrostimulation can improve maximum gait speed for
dependent walkers in the early phase of stroke rehabilitation
[21]. Generally, from the 21 reviews focused on walking, people
with stroke can increase their walking speed and walking
distance by treadmill training and body-weight supported
treadmill training [21]. 

Task-oriented training’s effects on performance of daily
activities appear to be minimal [49,52] or mixed [49,55,56].
For example, the effects of exercise on activities of daily living
(ADL) were mixed; three meta-analyses reported a positive
small to medium treatment effect on ADL [21,28,29], but
another meta-analysis [57] and systematic review [18] did not
find evidence for a favorable effect on ADL. High-intensity of
practice results in improved quality of life and, as expected,
leisure therapy improves leisure participation [21].

Outcomes from task-oriented training depend upon dosage and
intensity (ie, dose x time). Evidence suggests that a higher
dosage of task-oriented practice can improve arm functioning
[10] and gait speed [21]. Jeon et al suggests training daily for
at least two weeks for maximum progress [46]. Based upon 35
reviews, task-oriented training produces modest effects in
outcomes related to leg functioning, but the evidence for positive
effects on arm functioning is minimal [50].

Constraint-Induced Movement Therapy
We analyzed 26 systematic reviews and meta-analyses about
CIMT, which involves restraining the functioning hand and
encouraging the active use of the injured hand. Although the
preponderance of evidence for CIMT is positive [9,22,58-63],
the high intensity of functionally oriented task practice with the
affected arm is difficult to implement because the protocol
requires participation for over 90% of waking hours [64,65].
Moreover, CIMT is most beneficial for those who have at least
10 degrees of wrist extension, 10 degrees of thumb
abduction/extension, and 10 degrees of finger extension in two
other fingers [66]. Fortunately, modified-CIMT (mCIMT), with
attenuated protocols or without a physical restraint, produces
positive outcomes with less intensity [64].

Most evidence suggests that CIMT improves arm motor function
[21,67], arm motor activity, [68,69] and movement quality [21]
of the affected upper limb, even when the intensity is reduced
and the duration is increased [70]. The schedule for modified
CIMT (1 hour/day for 3 days/week for 10 weeks) is more
feasible to implement [8]. For improved self-care, one review
suggests a higher intensity of CIMT (at least 30 hours over 3
weeks) is beneficial [70], whereas another contends
low-intensity mCIMT is effective [21]. In terms of quality of
life, a majority of studies reported improved ADL [21], mobility,
and participation [70,71]. Even more promising, CIMT appears
to improve the amount and quality of active arm movements in
people with chronic stroke [72].

Despite the positive findings of CIMT, some researchers have
expressed some limitations of CIMT. Pulman and colleagues’
meta-analysis did not find significant improvements in ADL,
hand function, and strength [73]. Additionally, a recent Cochrane
review acknowledged that CIMT results in improved motor
function and less motor impairment, but cautions that these
small gains do not reduce disability [74]. While two reviews
reported that CIMT’s effects (eg, arm motor activity) can be
sustained for up to 6 months [9,68], Cochrane reviews have not
found evidence for reducing disability several months after the
intervention ended [74,75]. Acknowledging that CIMT can be
useful in stroke rehabilitation, one review called for more
research to determine if CIMT should be implemented as an
adjunct therapy or as a replacement of traditional stroke therapy
[76].

There are two issues to consider for clinical applications of
CIMT. First, a meta-analysis comparing high and low-intensity
CIMT in acute or sub-acute stroke care found that low-intensity
CIMT may produce better movement and functional use of the
affected upper limb [77]. While CIMT appears to produce better
upper limb functioning than dose-matched interventions [69],
only some of the CIMT RCT results produced minimal clinically
important differences [78], raising questions about CIMT’s
clinical efficacy [79]. More recently, Etoom and colleagues’
meta-analysis concludes that in comparison to other
rehabilitation therapies, CIMT confers relatively small gains
[80].
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Mental Practice
In addition to physical rehabilitation interventions, mental
practice can also improve movement and functional performance
of patients who have had a stroke [9,81,82]. Mental practice
demonstrates cortical activation patterns like those seen with

actual movement, per functional imaging.83 When combined
with conventional therapies, mental practice improves recovery
of both upper and lower limbs, as well as for reacquiring daily
living skills [83]. Most systematic reviews focusing on mental
practice to improve upper limb functioning, such as arm-hand
activities, were positive [21,22,82,84,85]. Braun and colleagues
reported that mental practice produced short-term gains in
arm-hand ability as well as performance of activities [86].
However, Machado and colleagues’ [87] meta-analysis did not
find mental practice to be an effective adjunct therapy.

Adding mental practice to upper limb rehabilitation can
independently increase functional recovery after stroke [85].
Cha and colleagues’ meta-analysis calculated a medium effect
size of .51 (95% CI: 0.27 to 0.75) for functional task training
with mental practice during occupational and physical therapy
in stroke rehabilitation [88]. Overall, evidence from 14 reviews
suggests that mental practice is effective when paired with
functional task rehabilitation for individuals who have had a
stroke.

Mirror Therapy
Mirror therapy (MT) uses a strategically placed mirror to provide
visual feedback of the unaffected hand’s movements, creating
an illusion that the affected hand is moving similarly. A majority
of 12 systematic reviews reported positive effects of mirror
therapy’s efficacy for upper limb functioning [7,71,89,90], and
two reviews found that MT’s outcomes may be maintained for
three to six months [9,91]. Only one review examined the effects
of MT on lower limb functioning and found that MT is effective
[92]. Whether MT can improve performance of activities of
daily living is unclear; one review found MT to be effective
based upon four studies [90], and another reported mixed results
from three studies [85]. Questions about optimal dosage, timing,
and application methods for people with varying stroke severity
need to be answered in further research [91,93]. Capitalizing
on neuroplasticity, mirror therapy appears to be an efficacious
intervention for improving upper limb function after stroke,
with moderate quality of evidence from a Cochrane review [94].

Neuromuscular Electrical Stimulation
From the 54 articles identified, we retained 31 reviews, and
most (21) reported positive findings for neuromuscular electrical
stimulation (NMES). In conjunction with functional activities,
NMES addresses weakness, coordination, or spasticity, to
improve function in poststroke population. NMES has a
moderate treatment effect on activity when compared to training
[95]. Proponents of NMES cite improved spasticity, range of
motion [96], strength, and activity performance [97]. From
Nascimento and colleagues’ systematic review with
meta-analysis, cyclical electrical stimulation increased strength
by a standardized mean difference of 0.47 (95% CI 0.26 to 0.68)
and this effect was sustained after the intervention with a small
to medium effect size [97].

Evidence suggests that NMES can be effective when combined
with other modalities for preventing and treating shoulder
subluxation early poststroke [8,98,99]. Also, pairing functional
electrical stimulation (FES) with an activity appears to be more
beneficial than performing that activity alone (moderate effect
size); a synergistic effect results when FES is used for improving
upper extremity function (large effect size) [33].

NMES can also help improve lower limb motor performance
and walking abilities, such as gait speed [100]. The orthotic
effect of FES on walking speed was positive, with a pooled
improvement of 0.13 m/s (0.07-0.2) or 38% (22.18-53.8) [101],
and this effect has also been demonstrated for individuals with
chronic stroke [102]. A recent systematic review examining the
carryover effects of lower limb FES to motor performance
concluded that FES produced therapeutic effects at the body
function and activity levels, but there’s insufficient evidence to
ascertain the superiority of FES when compared to matched
therapies [103].

Electromyogram (EMG)-triggered electrical stimulation has
been shown to have mixed results. Chae asserted that repetitive
movement training through transcutaneous cyclic and
EMG-triggered NMES could improve stroke survivors’ motor
skills [104]. Meilink and colleagues’ systematic review did not
find statistically significant difference between EMG-NMES
and usual care, citing a lack of rigor with the sampled studies,
including non-randomization, small sample size, lack of
blinding, and poor contrast to controls [105].

Evidence appraisers cite insufficient evidence for NMES’
efficacy and low-quality trials [7,106-108]. A wide variety of
therapy protocols, including duration of therapy [109], as well
as heterogeneous samples, contribute to the difficulty in
interpreting the evidence. For clinical applications, therapy
practitioners should keep in mind that the evidence for NMES
for individuals with chronic stroke is insufficient [99]. With
more rigorous studies, NMES has the potential to improve
functional motor abilities, especially in the acute phase of stroke
recovery. Instead of offering FES to all poststroke, guidelines
suggest considering electrical stimulation on a trial basis within
the first two months poststroke to individuals who demonstrate
muscle contraction but cannot move their limbs against
resistance [8,110]. Overall, the evidence for FES to improve
motor abilities is mixed, and therefore FES is a promising
intervention.

Discussion

Principal Findings
No single intervention is superior to another in stroke
rehabilitation to improve functional performance [7]. The
following common movement-focused poststroke interventions
have moderate evidence of effectiveness: cardiorespiratory
training, therapeutic exercise, task-oriented training
(task-specific training), CIMT, mental practice, and mirror
therapy. While there are many systematic reviews and
meta-analyses about movement interventions, the heterogeneity
in samples (eg, acute vs. chronic), interventions (eg, timing,
dosage, type), and outcome measures makes analysis of the
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findings challenging. Combinations of evidence-based
interventions across the postacute care continuum to address
stroke patients’ motor goals are considered standard care.

NMES is a promising intervention and more rigorous studies
are needed to determine its effectiveness, particularly in the
acute and subacute phases of stroke rehabilitation. Other
interventions associated with stroke rehabilitation (eg, robotic
therapy, aquatic therapy, and virtual reality and video gaming)
are acquiring more evidence and some (eg, virtual reality) appear
to be promising interventions.

To achieve the most recovery of activities of daily living,
rehabilitation should be implemented early [7], and continuously
across transitions and settings. Usual therapy approaches,
including strengthening and functional activities, improved
short- and long-distance walking, and thus strengthening
interventions appear to be effective, even for individuals with
chronic stroke [21,111]. Strengthening interventions may
increase muscle functioning but may not necessarily translate
to improved performance in ADLs, such as bathing, dressing,
and meal preparation.

Recovery from stroke is a dynamic process and therefore
rehabilitation professionals craft individualized therapy plans
to maximize functional performance and participation. Highly
effective therapy practitioners understand there is an art and
science to providing therapy services and achieving excellent
patient outcomes [112]. For example, a practitioner may
recognize the science aspect by choosing low-intensity CIMT
in acute or sub-acute stroke to improve functioning of the
weaker arm [77], and use therapeutic rapport or humor to engage
and motivate individuals with stroke to perform therapeutic
tasks. Knowing when and how to deliver the most effective
therapies, coupled with the collaborative and motivating aspect
of therapy, will help therapists improve the movement outcomes
and quality of care in stroke rehabilitation.

In patient-centered stroke rehabilitation, therapists and patients
discuss goals, preferences, and concerns before co-creating
treatment plans. Currently, therapists utilize a variety of
interventions, considering the evaluation results, and
patient/caregiver’s concerns and aims. Consequently,
rehabilitation professionals can best serve their clients with
stroke by: (1) determining clients’ goals and preferences, (2)
thoroughly assessing their capacities and skills, and (3) selecting
the interventions with the most relevant evidence that will enable
clients to reach their goals.

In addition to the specific therapeutic interventions provided at
different levels of care, other factors that influence stroke
outcomes include: dosage and intensity of interventions,
community support, education of staff and family, and caregiver
competency. With regard to dosage, previous reviews have
provided limited support for the assumption that a higher dose
of exercise-based therapy improves motor recovery after stroke
[28,113]. Generally, a dose of 30 to 60 minutes of therapy for
five to seven days a week is optimal to improve performance
[7,21]. Recently Veerbeek et al asserted that a higher intensity
of practice (ie, 17 hours over 10 weeks) results in better
outcomes at the body function level, as well as the activities

and participation level of the International Classification of
Functioning (ICF) [21].

If only one intervention approach is being used for all therapy
sessions or if the interventions cannot be named and explained
by therapists, patients should seek additional information from
their therapy practitioners. Sample questions patients can ask
include: (1) Which intervention approaches are you using to
achieve my goals? (2) What is the evidence for these
approaches? (3) What can I do to maximize my recovery and
motor outcomes?

Many patients poststroke may wonder if there is anything they
can do at home to improve their motor outcomes. Coupar and
colleagues’ Cochrane review asserted that there’s insufficient
evidence to form any recommendations about home-based
therapy programs to improve arm recovery [114], but recent
reviews have cited positive effects of home-based therapies on
functional performance [115,116]. Emerging technologies like
virtual reality, robotics, and interactive video gaming hold great
promise for increasing the dosage of movement-based therapies
at home [116,117], which could potentially increase functional
outcomes while containing costs.

Limitations
This evidence review did not include non-English systematic
reviews and meta-analyses. We limited our search to the
following databases: Medline Complete, PubMed, CINAHL
Complete, Cochrane Database, Rehabilitation and Sports
Medicine Source, Dissertation Abstracts International, and
National Guideline Clearinghouse. Due to our focus on adults’
functional movement of limbs and trunk, we excluded evidence
that pertained to pediatrics and speech/swallowing. This review
did not include robotic therapy, aquatic therapy, and virtual
reality, because they are not commonly implemented in
postacute care settings with most patients who have had a stroke.
Some interventions lack the efficacy to improve activity
performance (eg, neurodevelopmental treatment or NDT) but
may be effective for other outcomes, such as improving muscle
strength of the arm [9,21,118]. Lastly, we only included Level
1 published evidence and thus there is the possibility of recent
RCTs not being included because of publication timelines.

Future Research
Practice guidelines recommend that stroke patients receive a
minimal dose of active practice (ie, one hour each of physical
therapy and occupational therapy) per day, at least 5 days per
week [119]. Research is needed to identify not only the most
effective combinations of movement-based interventions to
deliver, but also the best critical window of time to deliver them.
We need more research like Kwakkel and colleagues’
meta-analysis, which reported that additional exercise therapy
should exceed 16 hours within the first 6 months after stroke
to achieve a statistically significant difference in ADL [29].
Such studies offer a clearer picture of the dose of an
intervention, timing, and the anticipated functional outcome.

Moreover, therapy protocols need to be researched to increase
our understanding of which subgroups benefit the most from
certain interventions. In this era of personalized medicine, there
may be subsets of stroke survivors who would benefit from a
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certain therapeutic cocktail of interventions across settings to
achieve maximum functional recovery. Multi-site studies and
registries could help add to existing databases by collecting data
about demographic variables, stroke types, costs, and functional
movement outcomes.

Another issue is the wide variation of outcome measures used
to measure functional movement. Informed discussions between
researchers and clinicians could not only stimulate and focus
rehabilitation research, but also pave the path towards attaining
consensus about best outcome measures and intervention
methods for stroke survivors. Consensus about outcome
measures and which interventions to study during the phases
of stroke recovery could facilitate comparative effectiveness
research.

Additionally, high-quality RCTs are needed to determine if
poststroke interventions targeting body functions lead to

improved activity and participation [120]. Finally, we need
rigorous longitudinal studies to examine cost-effectiveness and
the effects of strength training on activity and participation, and
to determine to what extent any gains are sustained.

Conclusions
Patients and rehabilitation professionals may be more reassured
that the following interventions possess moderate evidence of
effectiveness: cardiorespiratory training, therapeutic exercise,
task-oriented training, constraint-induced movement therapy,
mental practice, and mirror therapy. More research is needed
to determine the optimal timing and dosages of motor
interventions, as well as the effectiveness of neuromuscular
electrical stimulation. Movement outcomes are influenced by
many variables, such as stroke characteristics, intensity, social
support, as well as patients’ preferences and goals.
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