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Abstract
Although numerous treatments are available to improve cerebral perfusion after acute stroke and prevent recurrent
stroke, few rehabilitation treatments have been conclusively shown to improve neurologic recovery. The majority of stroke
survivors with motor impairment do not recover to their functional baseline, and there remains a need for novel neuror-
ehabilitation treatments to minimize long-term disability, maximize quality of life, and optimize psychosocial outcomes. In
recent years, several novel therapies have emerged to restore motor function after stroke, and additional investigational
treatments have also shown promise. Here, we familiarize the neurohospitalist with emerging treatments for poststroke
motor rehabilitation. The rehabilitation treatments covered in this review will include selective serotonin reuptake inhibitor
medications, constraint-induced movement therapy, noninvasive brain stimulation, mirror therapy, and motor imagery or
mental practice.
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Introduction

Stroke is a common health care problem globally, and it is

a leading cause of acquired disability worldwide.1 Unfortunately,

the majority of patients with stroke experience incomplete

recovery of motor deficits despite intensive rehabilitation,

with up to 60% having impaired manual dexterity 6 months

following the stroke.2-4 Stroke-related motor impairments

affect independence with functional activities both at home

when performing activities of daily living (ADL) and in the

community where only a minority of patients with motor

impairment are able to return to their professional lives.3-5

Although there has been an intense focus on acute treatments

after stroke, there remains a pressing need for novel treat-

ments and continued research to improve functional motor

recovery.

The goal of stroke rehabilitation is to maximize patients’

neurologic recovery, functional independence, and quality of

life. The multidisciplinary treatment team, including physical

therapy, occupational therapy, and speech and language pathol-

ogy, utilizes a variety of traditional therapeutic interventions to

augment spontaneous neurologic and functional recovery fol-

lowing a stroke. However, in recent decades, a number of pro-

mising alternative therapies, medications, and experimental

treatments have shown benefit to poststroke patients.

In this narrative review, we attempt to familiarize the neu-

rohospitalist with the state of the science in the field of stroke

rehabilitation, providing background information and review-

ing evidence for several emerging interventions to improve

motor recovery following stroke, including selective serotonin

receptor inhibitor (SSRI) antidepressants, constraint-induced

movement therapy (CIMT), noninvasive brain stimulation

(NIBS), mirror therapy (MT), and motor imagery/mental prac-

tice. Use of these interventions for nonmotor impairments

after stroke will not be reviewed. Of note, although many of

the articles cited in this review report distinct outcome mea-

sures for motor and functional impairment, the reader is

reminded that despite the inherent link between motor impair-

ment and disability, improvement in one does not necessarily

indicate improvement in the other.
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Selective Serotonin Reuptake Inhibitor
Medications

Fluoxetine, an SSRI developed in 1974,6 was approved by the

Food and Drug Administration in 1987 for use in patients with

depression. With the emergence of medications such as fluoxe-

tine which modulate monoamine neurotransmitter activity,

research was initiated to define the effects of such medications

in different disease states, including stroke. Early animal studies

indicated that drugs modulating brain amine concentrations in-

fluence the rate and degree of recovery from cortical lesions.7,8

Subsequently, a number of small trials examined the efficacy

of SSRI medications for poststroke depression, emotional labi-

lity, and recovery.9-16 The trials generally demonstrated that

SSRI medications were efficacious in treating or preventing post-

stroke depression, and patients taking SSRI medications after

stroke demonstrated few serious side effects. A number of studies

on SSRI medications after stroke have also reported outcomes

such as neurologic recovery, functional recovery, and indepen-

dence with daily activities although with mixed results.10,17,18

A few small studies have specifically examined the effect

of SSRI medications on motor recovery after stroke. In 1 clin-

ical trial, 52 patients with first-time ischemic stroke having

hemiplegia were enrolled 1 to 6 months after their stroke and

randomized to placebo, maprotiline (a norepinephrine reup-

take inhibitor), or fluoxetine for 3 months.19 The patients ran-

domized to fluoxetine demonstrated significant improvements

in gait and greater independence with ADL, as assessed by the

Barthel Index (BI), compared to maprotiline, but with no sig-

nificant outcome difference compared to placebo. Outcomes

in the maprotiline group were worse than for the placebo

group, but these differences were not statistically significant.

In a double-blind trial of 24 patients with post-stroke depres-

sion undergoing acute inpatient rehabilitation, patients were

randomized to receive desipramine (n ¼ 13), trazodone (n ¼
6), or fluoxetine (n¼ 5) for 4 weeks while also engaging in rou-

tine multidisciplinary rehabilitation.20 After 2 and 4 weeks,

patients treated with trazodone or fluoxetine demonstrated sta-

tistically significant improvements in functional recovery, as

measured by the functional independence measure (FIM), com-

pared to those treated with desipramine. Improvements

approached clinically significant change.21 There were no sig-

nificant differences between groups in sensorimotor deficits as

measured by the Fugl-Meyer Assessment (FMA) or depression

as measured by the Hamilton Depression Scale.

In another small prospective, double-blind, crossover,

placebo-controlled study, 8 patients with pure motor hemipar-

esis from a lacunar stroke underwent functional magnetic reso-

nance imaging (fMRI) examinations at 2 and 3 weeks after

stroke onset.22 A single dose of placebo or 20 mg of fluoxetine

was given prior to each examination, and motor evaluations of

the patient were performed before and during each fMRI. After

treatment with fluoxetine, fMRI demonstrated hyperactivation

in the ipsilesional primary motor cortex, and patients performed

better on motor skill assessments on the affected side.

Based on the results of these and other studies,18,22-25 a

multicenter, randomized, double-blind, placebo-controlled

study, the Fluoxetine for Motor Recovery After Acute

Ischemic Stroke (FLAME) trial randomized 118 patients with

first-time stroke having moderate to severe motor deficits to

either fluoxetine 20 mg daily or placebo within 5 to 10 days

of symptom onset.26 Patients with hemorrhagic stroke or mod-

erate to severe depression were excluded from the study. The

primary outcome was the Fugl-Meyer Motor Scale score

(FMMS), and secondary outcomes included the Montgomery

Asberg depression rating scale, National Institutes of Health

stroke scale (NIHSS), and modified Rankin Scale (mRS). All

patients received routine poststroke rehabilitative therapies.

There were no significant differences between groups after

30 days, but patients taking fluoxetine showed statistically

significant improvements in FMMS, NIHSS, and mRS com-

pared to placebo at the 90-day assessments. Minimal clinically

important differences have not been established for the NIHSS

and mRS, but changes did meet clinically important differ-

ences cutoff for FMMS.27 The fluoxetine group also had a sig-

nificantly lower incidence of depression.

A Cochrane Review published in 2012 evaluating28 52

clinical trials found significant benefits of SSRI medications

in reducing disability (standard mean difference [SMD]

0.92; 95% confidence interval [CI] 0.62-1.23) and depen-

dency (relative risk [RR] 0.81; 95% CI 0.68-0.97) as well as

on neurological deficit (SMD �1.00; 95% CI �1.26 to

�0.75), depression, and anxiety.

As usual, risks of treatment should also be considered, and

SSRI medications have a number of potential side effects. Of

particular note is the small but consistently observed increased

risk of bleeding associated with SSRIs. One systematic review

and meta-analysis29 of observational trials calculated that SSRI

use was associated with an increased risk of intracranial hemor-

rhage (adjusted RR 1.51, 95% CI 1.26-1.81) and intracerebral

hemorrhage (adjusted RR 1.42, 95% CI 1.23-1.65). Increased

risk of bleeding was also noted when SSRIs were taken with

anticoagulants. Another study30 extracted data from a Danish

medical registry of patients taking SSRI medications and pro-

pensity score matched these patients with nonusers to compute

hazard ratios (HRs) of acute myocardial infarction, recurrent

stroke, major bleeding, and death, and median follow-up was

1159 days. Use of SSRI was associated with higher risk of over-

all major bleeding (adjusted HR 1.33; 95% CI 1.14-1.55) and a

nonsignificantly higher risk of intracranial bleedings (adjusted

HR 1.14; 95% CI 0.62-2.12). Although SSRI use was also asso-

ciated with lower risk of new cardiovascular events and stroke,

overall mortality and mortality due to bleeding event were

increased in those taking an SSRI.

Many investigators have explored the effects of SSRI med-

ications on poststroke depression, and more recently, several

studies have indicated that administration of these medica-

tions in the first several months following stroke may have a

beneficial effect on motor recovery and/or reduce disability

in patients with poststroke motor impairments. Future studies
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will hopefully confirm these findings and clarify the optimal

dosing and duration of treatment. Risks and side effects of

treatment with SSRI, including the increased risk of bleeding

events, will need to be noted and considered.

Constraint-Induced Movement Therapy

The principles of CIMT originated from the research of Edward

Taub on monkeys whose limbs had undergone deafferenta-

tion.31 The underlying concept of CIMT is that restricting the

use of the unaffected upper extremity by a mitt or sling will

force an individual to use the affected limb to complete task-

based activities, affecting neuroplastic change and improving

upper extremity function over time.32 The typical intervention

consists of restricting the unaffected limb (Figure 1) for 90%
of waking hours for 14 days with 6 hours of therapy for 10 of

those days.33 The inclusion criteria for CIMT include the ability

to actively extend the wrist, thumb, and fingers as well as the

absence of cognitive impairment, excessive spasticity, or

impaired balance. In 1993, Taub et al32 reported that CIMT

resulted in expansion of the cortical motor area responsible for

use of the affected limb in patients with stroke and that the treat-

ment also addressed the functional impairment caused by

‘‘learned disuse’’ of the affected limb after stroke.

A number of clinical trials have since explored outcomes

among small numbers of patients with stroke treated with

CIMT.34-39 In a larger prospective, single-blind, multicenter

clinical trial, the Extremity Constraint Induced Therapy Eva-

luation (EXCITE) trial,40 222 patients were randomized within

a mean period of about 6 months from stroke onset to either

CIMT or routine care. After a treatment period of 2 weeks, sig-

nificant improvements were noted in the CIMT group in the

quality and speed of arm movements, as measured by the Wolf

Motor Function Test (WMFT), and in the quantity and quality

of paretic arm use as reported by study patients. At 1-year

follow-up, statistically significant differences persisted for all

outcome measures except for the WMFT quality of arm move-

ments. The authors also felt that these represented clinically sig-

nificant differences based on increased functional use of the

limb for daily activities reported by patients.

A Cochrane Review of CIMT41 assessing 19 trials with 619

participants found significant heterogeneity among the trials,

including duration of unaffected limb restraint, amount of

affected limb exercise, and timing of intervention poststroke.

However, 6 studies assessed disability immediately after the

intervention, and analysis of data from 184 participants found

a modest but statistically significant benefit of CIMT on dis-

ability (SMD 0.36, 95% CI 0.06-0.65). Further, a more robust

positive effect of CIMT was noted on motor function (SMD

0.72, 95% CI 0.32-1.12), drawing data from 14 studies with

373 participants. The findings were deemed ‘‘promising’’

although concerns remained about the size of the studies, cer-

tain methodological weaknesses, the short-term follow-up of

patients, and possible publication bias.

Several more recent randomized controlled trials have been

subsequently reported. A study randomized 12 patients, average

7 weeks poststroke, to constraint or no constraint for 90% of the

day during the study, and all patients received a 3-hour session

of therapy daily for 12 days. Improvement was observed in both

groups, but no difference was noted between groups in arm and

hand motor performance or on self-reported motor ability after

2 weeks of therapy or at 3-month follow-up.42

With regard to the use of CIMT in the acute to subacute

phase after stroke, there have been only 2 studies in this pop-

ulation to date. One study in 2007 enrolled 23 patients within

14 days of stroke and randomized them to CIMT or equally

intensive traditional therapy interventions (3 hours/d, 6

days/wk for 14-15 days).43 However, no statistically signifi-

cant differences were noted between groups immediately after

treatment or after 3 months based on the Fugl-Meyer upper

extremity motor scores.

A larger single-blind, randomized controlled trial was pub-

lished in 2009, known as the Very Early Constraint-Induced

Movement during Stroke Rehabilitation (VECTORS) trial.44

Fifty-two patients were enrolled, all undergoing acute rehabi-

litation with first-time ischemic or hemorrhagic stroke and

upper extremity weakness. Each was randomized to 1 of the

following 3 dose-matched treatment arms: traditional upper

extremity therapy, standard intensity CIMT, or high-intensity

CIMT. Standard intensity CIMT included 2 hours/d of therapy,

and patients wore the constraint 60% of the day. High-intensity

Figure 1. Demonstration of constraint-induced movement therapy.
During treatment, the patient wears a mitt or constraint on their
intact limb, and the impaired limb is used for tasks during therapy and
daily activities.
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CIMT included 3 hours/d of CIMT treatment, and the constraint

was worn for 90% of the day. This study also found no differ-

ence in upper extremity function between traditional therapy

and standard CIMT as measured by the Action Research Arm

Test (ARAT). Interestingly, the high-intensity CIMT group

demonstrated significantly lower ARAT scores than the other

2 groups.

A more recent meta-analysis of CIMT evaluating 14 stud-

ies and 479 patients with acute and chronic stroke found a

small but significant effect of CIMT on motor function (SMD

0.44, 95% CI 0.03-0.93), although no significant effect on dis-

ability.45 The authors note the uncertainty that remains regard-

ing the magnitude of the effect of CIMT as well as whether or

not the motor improvements achieved with CIMT are likely to

translate into any functional improvement for patients.

Another meta-analysis explored the effect of CIMT on

patients greater than 6 months after stroke.46 The meta-

analysis included 572 patients in 16 studies, each of which met

the criteria of having at least 50% of patients with stroke, a

randomized controlled study design, a CIMT intervention, and

a standard therapy control group. Patients treated with CIMT

were noted to have improved control of hand and arm place-

ment as well as improved strength compared to standard therapy

treatments, but the speed of task performance was unchanged.

Although a significant body of literature generally supports

the use of CIMT in the subacute and chronic poststroke popu-

lations, several limitations of CIMT remain. With regard to

acuity, CIMT has not demonstrated superiority to routine

acute rehabilitation interventions, and as noted previously,

high-intensity therapy may even have a detrimental effect

on recovery. Additionally, the intervention is tiring to the

patient and labor intensive on the part of the therapist, requir-

ing treatment for up to 5 to 8 hours/d, limiting the clinical util-

ity of CIMT. In a survey of 208 patients with stroke, 68% were

not interested in participating in CIMT mainly due to the

intensity of the therapy and 68% of therapists felt that admin-

istration of CIMT would be ‘‘difficult’’ or ‘‘very difficult.’’47

The difficulties in both providing and tolerating CIMT led

to the development of a modified CIMT protocol48 with

reduced formal session duration (1/2 hour, 3 days/wk) and less

time with the constraint in place (5 hours/d, 5 days/wk)

although with a more prolonged treatment course of 10 weeks.

A study of 35 patients with chronic stroke comparing the mod-

ified CIMT protocol to a time-matched exercise program or to

no therapy found significantly greater improvements in the

ARAT and Motor Activity Log Amount of Use and Quality

of Movement subscales among those in the modified CIMT

group compared to the other groups.49

A telerehabilitation approach has also been described50 in

order to address issues with access and administration of the

therapy. In a study of 7 patients, a device was utilized that

automates the upper limb training component of CIMT, and

effectiveness of this training was assessed in a telerehabilita-

tion setting with remote supervision and only intermittent

interaction with a therapist. Patients received 3 hours of

therapy with the device for 10 consecutive weekdays. Gains

on the WMFT and the Jebsen-Taylor Hand Function Test were

statistically significant (P < 0.05, d0 > 0.9). Changes in WMFT

did not meet cutoffs for minimal clinically important

change.51

Another limitation of CIMT is the exclusion of patients

who cannot demonstrate active extension of the wrist, thumb,

and fingers, and limited motor function excludes 4 of 5 other-

wise eligible patients with stroke from participation in a CIMT

program.52 Such exclusion criteria limit the utility of CIMT to

a fraction of the overall stroke population with persistent

motor dysfunction. Furthermore, the generalizability of the

reported benefits of CIMT to patients with more severe motor

weakness and greater functional impairments remains uncer-

tain. Studies combining other treatments such as EMG-

triggered stimulation with CIMT have attempted to bridge the

period of poor motor performance although with unclear

results.53,54

In summary, studies evaluating the effects of CIMT on

upper extremity recovery in poststroke patients have demon-

strated significant improvements in motor and functional out-

comes, although there have been mixed results. The motor and

functional benefits appear to occur in poststroke patients who,

at baseline, have active wrist and finger extension, good cog-

nition, limited spasticity, and preserved balance. However,

significant barriers may prevent widespread integration of

CIMT with current poststroke rehabilitation treatments.

Noninvasive Brain Stimulation

Noninvasive brain stimulation involves the application of

weak electric or magnetic fields to the brain via the surface

of the scalp with the goal of changing or normalizing brain

activity.55-58 Noninvasive brain stimulation has been predomi-

nantly utilized in the study of brain physiology and function,

neuroplasticity and its behavior relevance, and the functional

networks between various brain regions.59-62 However, an

accumulating body of evidence supports a therapeutic poten-

tial in stroke rehabilitation and a variety of other neurological

conditions.63-66 Noninvasive brain stimulation is particularly

appealing to clinicians and neuroscientists as it modulates

brain excitability and functional plasticity with relative safety

and facilitates motor learning when combined with a motor

task.67,68 Available NIBS techniques continue to expand, but

the 2 most common forms are transcranial magnetic stimula-

tion (TMS; Figure 2A) and transcranial direct current stimula-

tion (tDCS; Figure 2B). Neither modality is FDA approved in

stroke rehabilitation, but both are currently being studied

under off-label research purposes. Transcranial magnetic sti-

mulation uses a rapidly changing magnetic field to induce

electric currents in the brain, causing neuronal depolarization

and action potentials. Transcranial direct current stimulation

uses a small battery-powered device to deliver weak electric

currents (usually 1-2 mA) to the brain via saline-soaked

sponges placed over the stimulation site.
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The overarching aim of these brain stimulation techniques

in stroke rehabilitation is to modify cortical activity and

neuroplasticity through an increase in ipsilesional cortical

excitability and/or a decrease in contralesional cortical excit-

ability (Figure 3).63,69,70 Depending on the technique used, the

direction of neuromodulatory effects (ie, increase or decrease

in cortical excitability) is achieved by altering the frequency at

which the stimulation is performed, changing the pattern of

stimulation or reversing the polarity of the electrodes.63 In

recent years, the feasibility and effectiveness of NIBS in mod-

ulating cortical excitability and in facilitating motor recovery

after stroke has been studied. Both TMS and tDCS are not

only safe and effective in modulating cortical excitability but

have also shown to enhance motor adaptation and learning and

influence motor memory consolidation in both healthy adults

and stroke survivors.67 Importantly, the modulation of cortical

excitability often parallels clinical improvement in motor per-

formance and outcome among stroke survivors.71-73

The dosage of the applied stimulation in NIBS is a key factor

in determining the extent of neuromodulation and associated

functional or behavioral plasticity. Typically, stronger stimula-

tion intensity or a longer duration of stimulation will lead to a

greater neuromodulatory effect. However, increased stimulus

dosage appears to also increase the potential risk of adverse

events, including seizure, headache, and muscle twitching.

Accordingly, safety guidelines have been established for the

application of TMS and tDCS in research and clinical set-

tings.25,74,75 Both techniques are considered safe with rare inci-

dence of adverse events when safety guidelines established for

these procedures are followed. Therefore, appropriate training

and familiarity with the safety, ethical, and application guide-

lines of TMS/tDCS among clinicians and researchers is neces-

sary before the use of these techniques.

Studies have explored the efficacy of NIBS for improving

motor recovery after stroke but results of meta-analyses on the

Figure 3. Schematic representation of noninvasive brain stimula-
tion techniques for facilitating motor recovery after stroke. The
overarching aim of these techniques is to upregulate (") cortical
excitability of the lesioned hemisphere or to downregulate (#)
cortical excitability of the contralateral nonlesioned hemisphere.
The rationale for inhibiting cortical excitability of the nonlesioned
hemisphere is that it is expected to minimize the amount of inter-
hemispheric inhibition from the nonlesioned hemisphere to the
lesioned hemisphere while performing active movements of the
paretic limb. Note that cortical excitability can be facilitated by
applying anodal tDCS or high-frequency rTMS and can be dimin-
ished by applying cathodal tDCS or low-frequency rTMS. Red-filled
circle labeled with stroke indicates lesioned hemisphere. tDCS
indicates transcranial direct current stimulation; rTMS, repetitive
transcranial magnetic stimulation.

Figure 2. Schematic representation of noninvasive brain stimulation techniques. A, Transcranial magnetic stimulation (TMS) of the brain using a
figure-of-8 coil. B, Transcranial direct current stimulation (tDCS) of the brain with the active electrode (red wire, anode) placed over the
primary motor cortex and the reference electrode (black wire, cathode) placed over the contralateral supraorbital region.
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benefits of treatment have been mixed. A meta-analysis of 50

randomized clinical trials and 1282 patients with stroke found

that both TMS and tDCS were effective in improving motor

outcomes after stroke,76 although substantial heterogeneity

between trials was noted. A Cochrane Review of 19 trials

involving 588 stroke survivors did not find a beneficial effect

of rTMS for the treatment of motor dysfunction after stroke.77

Another meta-analysis of 8 randomized placebo-controlled

trials examined the isolated effects of anodal tDCS in the

treatment of motor dysfunction after stroke,78 and a pooled

analysis found a small but significant improvement in func-

tional outcome of patients with stroke having chronic deficits

after anodal tDCS compared to baseline measurements (SMD

0.40; 95% CI 0.10-0.70, P¼ .01) and sham stimulation (SMD

0.49; 95% CI 0.18-0.81, P ¼ .005).

Although more studies have evaluated the effects of NIBS

on upper extremity motor recovery and functional improve-

ments after stroke, a few studies have also examined the po-

tential role of NIBS in improving gait following stroke.79-81

One study examined the effects of 1-Hz rTMS over the leg

motor area of the unaffected hemisphere followed by task-

oriented functional training on walking performance in 24

chronic stroke survivors.80 Ten sessions of 1-Hz rTMS com-

bined with task-oriented training induced significant improve-

ments in various gait parameters when compared to sham

stimulation and task-oriented training. Another study evaluat-

ing the combined effects of anodal tDCS and robotic training

on gait function among chronic stroke survivors with low

ambulatory capacity found improved outcomes in those receiv-

ing active tDCS compared to the sham stimulation.81 Collec-

tively, the available evidence suggests that NIBS combined

with mobility and gait training may be a safe and feasible

approach to improving walking function in stroke survivors.

Although the results from several small-scale clinical trials

appear promising and encouraging, the role of NIBS in stroke

rehabilitation remains unclear for a variety of reasons. First,

there is a dearth of large-scale clinical studies with adequate

long-term follow-up of patients with stroke. Second, the

observed improvements are of modest clinical significance

with questionable effect size. Third, the optimal way of com-

bining NIBS with physical rehabilitation (ie, whether TMS or

tDCS should precede, follow, or be combined with therapy)

is still unclear. The uncertainty about the timing of NIBS is

critical because the homeostatic metaplastic mechanisms

(ie, mechanisms that stabilize and regulate plasticity within

a physiological range) following NIBS and active behavioral

intervention may limit its neuroplastic effects.82,83 Finally,

TMS- or tDCS-induced directional modulation of motor cor-

tical excitability is known to be variable both within and

between patients,84,85 limiting the applicability among all

patients with stroke and necessitating a careful selection

of patients for therapy. Although the picture is far from

clear, ongoing investigations will hopefully address these

limitations and further define the role of NIBS in stroke

rehabilitation.

Mirror Therapy

Vilayanur S. Ramachandran first reported the use of a mirror

for the treatment of postamputation phantom limb pain in

1995.86 Treatment with MT involves the placement of a mir-

ror in the mid-sagittal plane, allowing the patient to perceive

the reflection of the intact limb as if it were the affected one

(Figure 4). Ramachandran and colleagues theorized that the

illusory perceptions of the limb would counteract maladaptive

neuroplastic changes that may occur in the absence of sensory

afferents.87 Neuroplastic changes also occur in the brain fol-

lowing stroke, and MT has been examined as a potential ther-

apeutic modality for patients with stroke as well.88 The first

study utilizing MT after stroke examined 9 patients with

chronic stroke who were randomly assigned to use either a

mirror or a transparent plastic for the exercises for 4 weeks

with each group then crossing over to the other treatment for

the remaining 4 weeks.89 In this small study, the progress from

baseline in upper extremity movement ability of patients using

MT was noted in range of motion, speed, and accuracy. Two

subsequent case reports also noted positive effects of MT on

upper extremity movement after stroke.90,91

Another study of 40 patients with hemiparetic, first-time

stroke investigated MT for recovery of lower extremity func-

tion.92 Patients were excluded if they were greater than 1-year

poststroke, at a later stage of motor recovery after stroke

(Brunnstrom stroke stage >3) or demonstrated significant cog-

nitive impairments. Patients were randomized to receive

either 20 sessions of MT (30 minutes each) or 20 sessions

of a sham treatment in which they flexed their intact ankle

Figure 4. Demonstration of mirror therapy. The patient places their
intact limb and head on the same side of the mirror, outside the
mirror box. The impaired limb is placed in the mirror box out of view
by the patient while the patient executes movements with the intact
limb or both limbs.
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without reflection. The MT group demonstrated significant

improvements compared to the control group for motor recov-

ery and motor functioning at 6-month follow-up based on FIM

measurements. These FIM changes do meet cutoffs for clini-

cally important differences.21

In a study evaluating whether MT could be effectively

utilized in the home environment, 40 patients with chronic

stroke were randomized for 6 weeks to either a control

group, which performed bimanual tasks, or a MT group,

which executed tasks with the affected limb obscured.93

All patients received 1 session of supervised therapy per

week with instructions to perform 5 additional 1-hour ses-

sions at home per week. The MT group demonstrated sig-

nificant improvement in motor function at the completion

of the treatment period but had no significant improvement

at 6-month follow-up.

The effect of MT on patients less than 6 months from

first-time stroke has also been studied.94 In this study, 26

patients with stroke were randomized to routine rehabilita-

tion or routine rehabilitation plus two 25-minute sessions

of MT for 5 days per week over a period of 4 weeks. Sig-

nificant improvements in upper limb motor recovery and

motor functioning, as measured by the FMA and Brunn-

strom stage of motor recovery, were noted immediately

following treatment although longer follow-up was not

reported.

In 2012, a Cochrane Review of 14 studies including 567

patients with stroke found a positive effect of MT on motor

function (SMD 0.61; 95% CI 0.22-1.0; P ¼ 0.002) and ADL

(SMD 0.33; 95% CI 0.05-0.60; P ¼ 0.02).95 However, the

results of the review were limited by small sample sizes of

most included studies, heterogeneous control interventions,

and methodological limitations of some studies.

Several additional randomized, controlled trials of MT on

upper extremity function after stroke have been reported over

the past few years. One study noted improvements in FMA

scores and kinematic measures of reaching,96 while another

study reported improvements in ARAT and FIM scores.97

Finally, in a study of 60 patients with severe arm paresis fol-

lowing stroke, subjects were randomized into groups receiv-

ing control therapy with the limb obscured, individual MT,

or group MT.98 Stroke outcomes were assessed by the FMA,

ARAT, BI, the Stroke Impact Scale, and the Star Cancellation

Test. After 5 weeks, no significant difference between groups

was observed in motor function, ADL, or quality of life.

Studies evaluating the benefits of adding MT to routine

stroke rehabilitation have generally demonstrated statistically

significant improvements in motor and functional outcomes

although interpretation of these studies is limited by high

methodologic heterogeneity and small sample sizes. Future

studies will hopefully clarify the optimal timing, dose, fre-

quency, and duration of MT as well as which patient popula-

tions respond best to treatment. A multicenter clinical trial is

underway,99 which may provide more conclusive evidence of

a beneficial effect of MT.

Motor Imagery/Mental Practice

Studies in the first half of the last century suggested that

mental rehearsal of motor tasks resulted in improved perfor-

mance on simple motor tests.100 Termed ‘‘mental practice,’’

this mental rehearsal of movement was initially studied in the

field of sports psychology.101 Mental practice with motor

imagery was felt to induce cortical activity, leading to the

investigation of a therapeutic use in post-stroke patients.

With regard to terminology, ‘‘motor imagery’’ is considered

the mental execution of a skilled movement without actually

performing the movement, whereas ‘‘mental practice’’ (MP)

describes a training or therapy task in which an internal rep-

resentation of the movement is activated and the execution of

the movement repeatedly mentally simulated, without phys-

ical activity.

Physiologically, motor imagery appears to activate many

of the same areas involved in the execution of motor tasks,102

and multiple imaging studies utilizing PET and fMRI scans

have detailed overlap in cortical activation patterns between

actual movements and imagined motor activation.103,104

Overlapping areas of activation vary by study but appear to

consistently include the premotor cortex, supplementary

motor area, superior parietal or somatosensory cortex, and

inferior parietal cortex.105 The overlap of multiple cortical

areas likely reflects activity within the proposed mirror neuron

system: a frontoparietal neural network active during times of

motor learning, including performing, imagining, or observing

an action.106

A number of clinical trials among patients with stroke hav-

ing motor impairments have assessed the effects of MP on

upper extremity motor recovery, independence with ADL,

balance, and gait.107-115 Heterogeneous methodologies have

been employed in the studies evaluating the effect of MP on

upper extremity function, especially in how the treatment is

administered, the treatment duration and frequency, the type

of control group intervention, and the follow-up dura-

tion.109,112-116 Variations in the studies also include inconsis-

tent methodology with regard to randomization, blinding, and

assessment of compliance. Nevertheless, most of the studies

found a positive effect in patients treated with MP, although

2 studies have failed to show a benefit, including a study of

poststroke nursing home patients116 and a randomized trial

of patients with a residual upper limb weakness within 6

months following stroke.112 In a recent randomized, single-

blinded study of 32 chronic stroke survivors with hemiparesis

(mean of 3.6 years following first stroke),114 patients engaged

in either 30 minutes of MP or relaxation twice weekly for 6

weeks while also receiving routine therapy. The primary out-

come measures were the FMA and ARAT at the end of the

treatment period. The MP group demonstrated statistically

significant reduction in affected arm impairment and a signif-

icant increase in daily arm function. Improvements in ARAT

met cutoff for clinically important difference,117 but changes

in FMA did not.27
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A Cochrane Review of 6 studies involving 119 stroke sur-

vivors found that MP in combination with rehabilitation treat-

ment is more effective in restoring arm function of stroke

survivors in comparison to the rehabilitation treatment alone

(SMD 1.37; 95% CI 0.6-2.15; P¼ 0.0005).118 Currently, there

have been no large studies of MP, although a multicenter ran-

domized controlled trial to evaluate the clinical effectiveness

of MP with motor imagery is underway.119

Even if MP treatments are beneficial beyond standard ther-

apy interventions, the characteristics of an ideal treatment pro-

tocol remain unclear. Given the potential for functional

cerebral reorganization with MP, an effective protocol would

likely require sustained attention, appropriate visualizations,

and sustained treatment. Further studies are needed to clarify

optimal MP duration and methodology, timing of the interven-

tion, and required number of treatments. Future research will

also need to elucidate the characteristics of patients that

respond best to MP therapy.

Regardless of the potential limitations of MP, the ease of

implementation, ability to perform the treatments outside of

the clinic, and low cost are all attractive attributes of this

unique treatment. Mental practice may represent a useful

adjunct to current treatments if sufficient evidence supports its

application.

Conclusion

In order to familiarize the neurohospitalist with the state of the

science supporting emerging poststroke motor rehabilitative

treatments, this review summarizes the history and current

evidence supporting the use of SSRI medications, CIMT,

NIBS, MT, and mental practice. Each of these interventions

seeks to augment spontaneous neurologic recovery or modu-

late neuroplastic change following stroke. Given the emerging

evidence in support of improved outcomes and the potential

clinical implications of these treatments, active research

within these fields is progressing rapidly.

Despite the recent meta-analyses providing greater insight

into the efficacy and effect size of these emerging treatments,

there is a clear need for randomized trials adequately powered

to address numerous uncertainties. Ongoing research will

need to examine the optimal treatment dose, timing of inter-

vention, duration of intervention, and ideal patient population.

Nonetheless, there is active interest and discussion regarding

how these interventions might be integrated with current

therapies.120-122

With high-quality studies ongoing for many of these treat-

ments, they may gain more widespread acceptance. If so, the

stage may be set for a new standard of care and significant

advancement within the field of stroke rehabilitation.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported in part by funding from National Institutes of Health

(NIH R01EB019834) to Dr Krishnan.

References

1. Donnan GA, Fisher M, Macleod M, Davis SM. Stroke. Lancet.

2008;371(9624):1612-1623.

2. Lai SM, Studenski S, Duncan PW, Perera S. Persisting conse-

quences of stroke measured by the Stroke Impact Scale. Stroke.

2002;33(7):1840-1844.

3. Kwakkel G, Kollen BJ, Wagenaar RC. Long term effects of

intensity of upper and lower limb training after stroke: a rando-

mised trial. J Neurol Neurosurg Psychiatry. 2002;72(4):

473-479.

4. Nakayama H, Jorgensen HS, Raaschou HO, Olsen TS. Recovery

of upper extremity function in stroke patients: the Copenhagen

Stroke Study. Arch Phys Med Rehabil. 1994;75(4):394-398.

5. Kolominsky-Rabas PL, Weber M, Gefeller O, Neundoerfer B,

Heuschmann PU. Epidemiology of ischemic stroke subtypes

according to TOAST criteria: incidence, recurrence, and long-

term survival in ischemic stroke subtypes: a population-based

study. Stroke. 2001;32(12):2735-2740.

6. Wong DT, Horng JS, Bymaster FP, Hauser KL, Molloy BB. A

selective inhibitor of serotonin uptake: Lilly 110140, 3-(p-tri-

fluoromethylphenoxy)-N-methyl-3-phenylpropylamine. Life

Sci. 1974;15(3):471-479.

7. Boyeson MG, Harmon RL, Jones JL. Comparative effects of

fluoxetine, amitriptyline and serotonin on functional motor re-

covery after sensorimotor cortex injury. Am J Phys Med Rehabil.

1994;73(2):76-83.

8. Sutton RL, Feeney DM. Alpha-noradrenergic agonists and

antagonists affect recovery and maintenance of beam-walking

ability after sensorimotor cortex ablation in the rat. Restor Neu-

rol Neurosci. 1992;4(1):1-11.

9. Brown KW, Sloan RL, Pentland B. Fluoxetine as a treatment for

post-stroke emotionalism. Acta Psychiatr Scand. 1998;98(6):

455-458.

10. Wiart L, Petit H, Joseph PA, Mazaux JM, Barat M. Fluoxetine in

early poststroke depression: a double-blind placebo-controlled

study. Stroke. 2000;31(8):1829-1832.

11. Rasmussen A, Lunde M, Poulsen DL, Sorensen K, Qvitzau S,

Bech P. A double-blind, placebo-controlled study of sertraline

in the prevention of depression in stroke patients. Psychoso-

matics. 2003;44(3):216-221.

12. Almeida OP, Waterreus A, Hankey GJ. Preventing depression

after stroke: results from a randomized placebo-controlled trial.

J Clin Psychiatry. 2006;67(7):1104-1109.

13. Murray V, von Arbin M, Bartfai A, et al. Double-blind compar-

ison of sertraline and placebo in stroke patients with minor

depression and less severe major depression. J Clin Psychiatry.

2005;66(6):708-716.

14. Acler M, Robol E, Fiaschi A, Manganotti P. A double blind pla-

cebo RCT to investigate the effects of serotonergic modulation

84 The Neurohospitalist 5(2)



on brain excitability and motor recovery in stroke patients.

J Neurol. 2009;256(7):1152-1158.

15. Robinson RG, Jorge RE, Moser DJ, et al. Escitalopram and

problem-solving therapy for prevention of poststroke depression:

a randomized controlled trial. JAMA. 2008;299(20):2391-2400.

16. Andersen G, Vestergaard K, Lauritzen L. Effective treatment of

poststroke depression with the selective serotonin reuptake inhi-

bitor citalopram. Stroke. 1994;25(6):1099-1104.

17. Narushima K, Kosier JT, Robinson RG. Preventing poststroke

depression: a 12-week double-blind randomized treatment trial

and 21-month follow-up. J Nerv Ment Dis. 2002;190(5):

296-303.

18. Robinson RG, Schultz SK, Castillo C, et al. Nortriptyline versus

fluoxetine in the treatment of depression and in short-term recov-

ery after stroke: a placebo-controlled, double-blind study. Am J

Psychiatry. 2000;157(3):351-359.

19. Dam M, Tonin P, De Boni A, et al. Effects of fluoxetine and

maprotiline on functional recovery in poststroke hemiplegic

patients undergoing rehabilitation therapy. Stroke. 1996;27(7):

1211-1214.

20. Miyai I, Reding MJ. Effects of antidepressants on functional

recovery following stroke: a double-blind study. Neurorehabil

Neural Repair. 1998;12(1):5-13.

21. Beninato M, Gill-Body KM, Salles S, Stark PC, Black-Schaffer

RM, Stein J. Determination of the minimal clinically important

difference in the FIM instrument in patients with stroke. Arch

Phys Med Rehabil. 2006;87(1):32-39.

22. Pariente J, Loubinoux I, Carel C, et al. Fluoxetine modulates

motor performance and cerebral activation of patients recovering

from stroke. Ann Neurol. 2001;50(6):718-729.

23. Loubinoux I, Boulanouar K, Ranjeva JP, et al. Cerebral func-

tional magnetic resonance imaging activation modulated by a

single dose of the monoamine neurotransmission enhancers

fluoxetine and fenozolone during hand sensorimotor tasks.

J Cereb Blood Flow Metab. 1999;19(12):1365-1375.

24. Zittel S, Weiller C, Liepert J. Citalopram improves dexterity in

chronic stroke patients. Neurorehabil Neural Repair. 2008;

22(3):311-314.

25. Acler M, Fiaschi A, Manganotti P. Long-term levodopa admin-

istration in chronic stroke patients. A clinical and neurophysiolo-

gic single-blind placebo-controlled cross-over pilot study. Restor

Neurol Neurosci. 2009;27(4):277-283.

26. Chollet F, Tardy J, Albucher JF, et al. Fluoxetine for motor

recovery after acute ischaemic stroke (FLAME): a randomised

placebo-controlled trial. Lancet Neurol. 2011;10(2):123-130.

27. Shelton FD, Volpe BT, Reding M. Motor impairment as a pre-

dictor of functional recovery and guide to rehabilitation treat-

ment after stroke. Neurorehabil Neural Repair. 2001;15(3):

229-237.

28. Mead GE, Hsieh CF, Lee R, et al. Selective serotonin reuptake

inhibitors (SSRIs) for stroke recovery. Cochrane Database Syst

Rev. 2012;11:CD009286.

29. Hackam DG, Mrkobrada M. Selective serotonin reuptake inhibi-

tors and brain hemorrhage: a meta-analysis. Neurology. 2012;

79(18):1862-1865.

30. Mortensen JK, Larsson H, Johnsen SP, Andersen G. Post stroke

use of selective serotonin reuptake inhibitors and clinical out-

come among patients with ischemic stroke: a nationwide propen-

sity score-matched follow-up study. Stroke. 2013;44(2):420-426.

31. Taub E. Movement in nonhuman primates deprived of somato-

sensory feedback. Exerc Sport Sci Rev. 1976;4:335-374.

32. Taub E, Miller NE, Novack TA, et al. Technique to improve

chronic motor deficit after stroke. Arch Phys Med Rehabil.

1993;74(4):347-354.

33. Taub E, Uswatte G, Elbert T. New treatments in neurorehabilita-

tion founded on basic research. Nat Rev Neurosci. 2002;3(3):

228-236.

34. Taub E, Uswatte G, King DK, Morris D, Crago JE, Chatterjee A.

A placebo-controlled trial of constraint-induced movement ther-

apy for upper extremity after stroke. Stroke. 2006;37(4):

1045-1049.

35. Miltner WHR, Bauder H, Sommer M, Dettmers C, Taub E.

Effects of constraint-induced movement therapy on patients with

chronic motor deficits after stroke: a replication. Stroke. 1999;

30(3):586-592.

36. van der Lee JH, Wagenaar RC, Lankhorst GJ, Vogelaar TW,

Deville WL, Bouter LM. Forced use of the upper extremity in

chronic stroke patients: results from a single-blind randomized

clinical trial. Stroke. 1999;30(11):2369-2375.

37. Dromerick AW, Edwards DF, Hahn M. Does the application of

constraint-induced movement therapy during acute rehabilita-

tion reduce arm impairment after ischemic stroke? Stroke.

2000;31(12):2984-2988.

38. Sterr A, Elbert T, Berthold I, Kölbel S, Rockstroh B, Taub E.

Longer versus shorter daily constraint-induced movement ther-

apy of chronic hemiparesis: an exploratory study. Arch Phys

Med Rehabil. 2002;83(10):1374-1377.

39. Wittenberg GF, Chen R, Ishii K, et al. Constraint-Induced ther-

apy in stroke: magnetic-stimulation motor maps and cerebral

activation. Neurorehabil Neural Repair. 2003;17(1):48-57.

40. Wolf SL, Winstein CJ, Miller JP, et al. Effect of constraint-

induced movement therapy on upper extremity function 3 to 9

months after stroke: the EXCITE randomized clinical trial.

JAMA. 2006;296(17):2095-2104.

41. Sirtori V, Corbetta D, Moja L, Gatti R. Constraint-induced

movement therapy for upper extremities in stroke patients.

Cochrane Database Syst Rev. 2009(4):CD004433.

42. Brogardh C, Vestling M, Sjolund BH. Shortened constraint-

induced movement therapy in subacute stroke—no effect of

using a restraint: a randomized controlled study with indepen-

dent observers. J Rehabil Med. 2009;41(4):231-236.

43. Boake C, Noser EA, Ro T, et al. Constraint-induced movement

therapy during early stroke rehabilitation. Neurorehabil Neural

Repair. 2007;21(1):14-24.

44. Dromerick AW, Lang CE, Birkenmeier RL, et al. Very Early

Constraint-Induced Movement during Stroke Rehabilitation (VEC-

TORS): a single-center RCT. Neurology. 2009;73(3):195-201.

45. Corbetta D, Sirtori V, Moja L, Gatti R. Constraint-induced

movement therapy in stroke patients: systematic review and

meta-analysis. Eur J Phys Rehabil Med. 2010;46(4):537-544.

Claflin et al 85



46. McIntyre A, Viana R, Janzen S, Mehta S, Pereira S, Teasell R.

Systematic review and meta-analysis of constraint-induced

movement therapy in the hemiparetic upper extremity more than

six months post stroke. Top Stroke Rehabil. 2012;19(6):499-513.

47. Page SJ, Levine P, Sisto S, Bond Q, Johnston MV. Stroke

patients’ and therapists’ opinions of constraint-induced move-

ment therapy. Clin Rehabil. 2002;16(1):55-60.

48. Page SJ, Sisto S, Johnston MV, Levine P. Modified constraint-

induced therapy after subacute stroke: a preliminary study. Neu-

rorehabil Neural Repair. 2002;16(3):290-295.

49. Page SJ, Levine P, Leonard A, Szaflarski JP, Kissela BM. Mod-

ified constraint-induced therapy in chronic stroke: results of a

single-blinded randomized controlled trial. Phys Ther. 2008;

88(3):333-340.

50. Lum PS, Uswatte G, Taub E, Hardin P, Mark VW. A telerehabil-

itation approach to delivery of constraint-induced movement

therapy. J Rehabil Res Dev. 2006;43(3):391-400.

51. Lin KC, Hsieh YW, Wu CY, Chen CL, Jang Y, Liu JS. Minimal

detectable change and clinically important difference of the

Wolf Motor Function Test in stroke patients. Neurorehabil

Neural Repair. 2009;23(5):429-434.

52. Grotta JC, Noser EA, Ro T, et al. Constraint-induced movement

therapy. Stroke. 2004;35(11 suppl 1):2699-2701.

53. Fritz SL, Chiu YP, Malcolm MP, Patterson TS, Light KE.

Feasibility of electromyography-triggered neuromuscular stimu-

lation as an adjunct to constraint-induced movement therapy.

Phys Ther. 2005;85(5):428-442.

54. Page SJ, Levine P. Back from the brink: electromyography-

triggered stimulation combined with modified constraint-

induced movement therapy in chronic stroke. Arch Phys Med

Rehabil. 2006;87(1):27-31.

55. Nitsche MA, Paulus W. Excitability changes induced in the

human motor cortex by weak transcranial direct current stimula-

tion. J Physiol. 2000;527(pt 3):633-639.

56. Mills KR, Murray NM, Hess CW. Magnetic and electrical tran-

scranial brain stimulation: physiological mechanisms and clini-

cal applications. Neurosurgery. 1987;20(1):164-168.

57. Barker AT, Freeston IL, Jalinous R, Jarratt JA. Magnetic stimu-

lation of the human brain and peripheral nervous system: an

introduction and the results of an initial clinical evaluation. Neu-

rosurgery. 1987;20(1):100-109.

58. Barker AT, Jalinous R, Freeston IL. Non-invasive magnetic sti-

mulation of human motor cortex. Lancet. 1985;1(8437):

1106-1107.

59. Krishnan C, Dhaher Y. Corticospinal responses of quadriceps are

abnormally coupled with hip adductors in chronic stroke survi-

vors. Exp Neurol. 2012;233(1):400-407.

60. Madhavan S, Krishnan C, Jayaraman A, Rymer WZ, Stinear JW.

Corticospinal tract integrity correlates with knee extensor weak-

ness in chronic stroke survivors. Clin Neurophysiol. 2011;

122(8):1588-1594.

61. Pascual-Leone A, Walsh V, Rothwell J. Transcranial magnetic

stimulation in cognitive neuroscience—virtual lesion, chrono-

metry, and functional connectivity. Curr Opin Neurobiol.

2000;10(2):232-237.

62. Siebner HR, Rothwell J. Transcranial magnetic stimulation: new

insights into representational cortical plasticity. Exp Brain Res.

2003;148(1):1-16.

63. Webster BR, Celnik PA, Cohen LG. Noninvasive brain stimula-

tion in stroke rehabilitation. NeuroRx. 2006;3(4):474-481.

64. Freitas C, Mondragon-Llorca H, Pascual-Leone A. Noninva-

sive brain stimulation in Alzheimer’s disease: systematic

review and perspectives for the future. Exp Gerontol. 2011;

46(8):611-627.

65. Benninger DH, Lomarev M, Lopez G, et al. Transcranial direct

current stimulation for the treatment of Parkinson’s disease.

J Neurol Neurosurg Psychiatry. 2010;81(10):1105-1111.

66. Belci M, Catley M, Husain M, Frankel HL, Davey NJ. Mag-

netic brain stimulation can improve clinical outcome in

incomplete spinal cord injured patients. Spinal Cord. 2004;

42(7):417-419.

67. Reis J, Robertson EM, Krakauer JW, et al. Consensus: can tran-

scranial direct current stimulation and transcranial magnetic sti-

mulation enhance motor learning and memory formation? Brain

Stimul. 2008;1(4):363-369.

68. Nitsche MA, Paulus W. Sustained excitability elevations

induced by transcranial DC motor cortex stimulation in humans.

Neurology. 2001;57(10):1899-1901.

69. Fregni F, Boggio PS, Mansur CG, et al. Transcranial direct cur-

rent stimulation of the unaffected hemisphere in stroke patients.

Neuroreport. 2005;16(14):1551-1555.

70. Takeuchi N, Oouchida Y, Izumi S. Motor control and neural

plasticity through interhemispheric interactions. Neural Plast.

2012;2012:823285.

71. Kim YH, You SH, Ko MH, et al. Repetitive transcranial mag-

netic stimulation-induced corticomotor excitability and associ-

ated motor skill acquisition in chronic stroke. Stroke. 2006;

37(6):1471-1476.

72. Takeuchi N, Tada T, Toshima M, Chuma T, Matsuo Y, Ikoma K.

Inhibition of the unaffected motor cortex by 1 Hz repetitive tran-

scranical magnetic stimulation enhances motor performance and

training effect of the paretic hand in patients with chronic stroke.

J Rehabil Med. 2008;40(4):298-303.

73. Tretriluxana J, Kantak S, Tretriluxana S, Wu AD, Fisher BE.

Low frequency repetitive transcranial magnetic stimulation to

the non-lesioned hemisphere improves paretic arm reach-to-

grasp performance after chronic stroke. Disabil Rehabil Assist

Technol. 2013;8(2):121-124.

74. Poreisz C, Boros K, Antal A, Paulus W. Safety aspects of tran-

scranial direct current stimulation concerning healthy subjects

and patients. Brain Res Bull. 2007;72(4-6):208-214.

75. Wassermann EM. Risk and safety of repetitive transcranial mag-

netic stimulation: report and suggested guidelines from the Inter-

national Workshop on the Safety of Repetitive Transcranial

Magnetic Stimulation, June 5-7, 1996. Electroencephalogr Clin

Neurophysiol. 1998;108(1):1-16.

76. Adeyemo BO, Simis M, Macea DD, Fregni F. Systematic review

of parameters of stimulation, clinical trial design characteristics,

and motor outcomes in non-invasive brain stimulation in stroke.

Front Psychiatry. 2012;3:88.

86 The Neurohospitalist 5(2)



77. Hao Z, Wang D, Zeng Y, Liu M. Repetitive transcranial mag-

netic stimulation for improving function after stroke. Cochrane

Database Syst Rev. 2013;5:CD008862.

78. Butler AJ, Shuster M, O’Hara E, Hurley K, Middlebrooks D,

Guilkey K. A meta-analysis of the efficacy of anodal transcranial

direct current stimulation for upper limb motor recovery in

stroke survivors. J Hand Ther. 2013;26(2):162-170; quiz 171.

79. Kakuda W, Abo M, Watanabe S, et al. High-frequency rTMS

applied over bilateral leg motor areas combined with mobility

training for gait disturbance after stroke: a preliminary study.

Brain Inj. 2013;27(9):1080-1086.

80. Wang RY, Tseng HY, Liao KK, Wang CJ, Lai KL, Yang YR.

rTMS combined with task-oriented training to improve symme-

try of interhemispheric corticomotor excitability and gait perfor-

mance after stroke: a randomized trial. Neurorehabil Neural

Repair. 2012;26(3):222-230.

81. Danzl MM, Chelette KC, Lee K, Lykins D, Sawaki L. Brain sti-

mulation paired with novel locomotor training with robotic gait

orthosis in chronic stroke: a feasibility study. Neurorehabilita-

tion. 2013;33(1):67-76.

82. Schabrun SM, Chipchase LS, Zipf N, Thickbroom GW, Hodges

PW. Interaction between simultaneously applied neuromodula-

tory interventions in humans. Brain Stimul. 2013;6(4):624-630.

83. Thirugnanasambandam N, Sparing R, Dafotakis M, et al. Iso-

metric contraction interferes with transcranial direct current sti-

mulation (tDCS) induced plasticity: evidence of state-dependent

neuromodulation in human motor cortex. Restor Neurol Neu-

rosci. 2011;29(5):311-320.

84. Cheeran B, Talelli P, Mori F, et al. A common polymorphism in

the brain-derived neurotrophic factor gene (BDNF) modulates

human cortical plasticity and the response to rTMS. J Physiol.

2008;586(pt 23):5717-5725.

85. Horvath JC, Carter O, Forte JD. Transcranial direct current sti-

mulation: five important issues we aren’t discussing (but proba-

bly should be). Front Syst Neurosci. 2014;8:2.

86. Ramachandran VS, Rogers-Ramachandran D, Cobb S. Touching

the phantom limb. Nature. 1995;377(6549):489-490.

87. Flor H, Nikolajsen L, Staehelin Jensen T. Phantom limb pain: a

case of maladaptive CNS plasticity? Nat Rev Neurosci. 2006;

7(11):873-881.

88. Ramachandran VS. Phantom limbs, neglect syndromes, re-

pressed memories, and Freudian psychology. Int Rev Neurobiol.

1994;37:291-333; discussion 369-272.

89. Altschuler EL, Wisdom SB, Stone L, et al. Rehabilitation of

hemiparesis after stroke with a mirror. Lancet. 1999;353(9169):

2035-2036.

90. Sathian K, Greenspan AI, Wolf SL. Doing it with mirrors: a case

study of a novel approach to neurorehabilitation. Neurorehabil

Neural Repair. 2000;14(1):73-76.

91. Stevens JA, Stoykov MEP. Using motor imagery in the rehabilita-

tion of hemiparesis. Arch Phys Med Rehabil. 2003;84(7):1090-1092.

92. Sutbeyaz S, Yavuzer G, Sezer N, Koseoglu BF. Mirror therapy

enhances lower-extremity motor recovery and motor functioning

after stroke: a randomized controlled trial. Arch Phys Med Reha-

bil. 2007;88(5):555-559.

93. Michielsen ME, Selles RW, van der Geest JN, et al. Motor

recovery and cortical reorganization after mirror therapy in

chronic stroke patients: a phase II randomized controlled trial.

Neurorehabil Neural Repair. 2011;25(3):223-233.

94. Lee MM, Cho HY, Song CH. The mirror therapy program

enhances upper-limb motor recovery and motor function in

acute stroke patients. Am J Phys Med Rehabil. 2012;91(8):

689-696, quiz 697-700.

95. Thieme H, Mehrholz J, Pohl M, Behrens J, Dohle C. Mirror

therapy for improving motor function after stroke. Cochrane

Database Syst Rev. 2012;3:Cd008449.

96. Wu CY, Huang PC, Chen YT, Lin KC, Yang HW. Effects of

mirror therapy on motor and sensory recovery in chronic stroke:

a randomized controlled trial. Arch Phys Med Rehabil. 2013;

94(6):1023-1030.

97. Invernizzi M, Negrini S, Carda S, Lanzotti L, Cisari C, Baricich

A. The value of adding mirror therapy for upper limb motor

recovery of subacute stroke patients: a randomized controlled

trial. Eur J Phys Rehabil Med. 2013;49(3):311-317.

98. Thieme H, Bayn M, Wurg M, Zange C, Pohl M, Behrens J. Mir-

ror therapy for patients with severe arm paresis after stroke—a

randomized controlled trial. Clin Rehabil. 2013;27(4):314-324.

99. Ertelt D, Hemmelmann C, Dettmers C, Ziegler A, Binkofski F.

Observation and execution of upper-limb movements as a tool

for rehabilitation of motor deficits in paretic stroke patients:

protocol of a randomized clinical trial. BMC Neurol. 2012;

12:42.

100. Sackett RS. The influence of symbolic rehearsal upon the reten-

tion of a maze habit. J Gen Psychol. 1934;10:376-395.

101. Driskel JC, Copper C, Moran A. Does mental practice enhance

performance? J Appl Psychol. 1994;79(4):481-492.

102. Mulder T. Motor imagery and action observation: cognitive

tools for rehabilitation. J Neural Transm. 2007;114(10):

1265-1278.

103. Lafleur MF, Jackson PL, Malouin F, Richards CL, Evans AC,

Doyon J. Motor learning produces parallel dynamic functional

changes during the execution and imagination of sequential

foot movements. NeuroImage. 2002;16(1):142-157.

104. Lacourse MG, Turner JA, Randolph-Orr E, Schandler SL,

Cohen MJ. Cerebral and cerebellar sensorimotor plasticity fol-

lowing motor imagery-based mental practice of a sequential

movement. J Rehabil Res Dev. 2004;41(4):505-524.

105. Grezes J, Decety J. Functional anatomy of execution, mental

simulation, observation, and verb generation of actions: a

meta-analysis. Hum Brain Mapp. 2001;12(1):1-19.

106. Rizzolatti G. The mirror neuron system and its function in

humans. Anat Embryol (Berl). 2005;210(5-6):419-421.

107. Butler AJ, Cazeaux J, Fidler A, et al. The Movement Imagery

Questionnaire-Revised, Second Edition (MIQ-RS) is a reliable

and valid tool for evaluating motor imagery in stroke popula-

tions. Evid Based Complement Alternat Med. 2012;2012:

497289.

108. Cho HY, Kim JS, Lee GC. Effects of motor imagery training on

balance and gait abilities in post-stroke patients: a randomized

controlled trial. Clin Rehabil. 2013;27(8):675-680.

Claflin et al 87



109. Dijkerman HC, Ietswaart M, Johnston M, MacWalter RS. Does

motor imagery training improve hand function in chronic stroke

patients? A pilot study. Clin Rehabil. 2004;18(5):538-549.

110. Hosseini SA, Fallahpour M, Sayadi M, Gharib M, Haghgoo H.

The impact of mental practice on stroke patients’ postural bal-

ance. J Neurol Sci. 2012;322(1-2):263-267.

111. Hwang S, Jeon HS, Yi CH, Kwon OY, Cho SH, You SH. Loco-

motor imagery training improves gait performance in people

with chronic hemiparetic stroke: a controlled clinical trial. Clin

Rehabil. 2010;24(6):514-522.

112. Ietswaart M, Johnston M, Dijkerman HC, et al. Mental practice

with motor imagery in stroke recovery: randomized controlled

trial of efficacy. Brain. 2011;134(pt 5):1373-1386.

113. Liu KP, Chan CC, Lee TM, Hui-Chan CW. Mental imagery for

promoting relearning for people after stroke: a randomized con-

trolled trial. Arch Phys Med Rehabil. 2004;85(9):1403-1408.

114. Page SJ, Levine P, Leonard A. Mental practice in chronic

stroke: results of a randomized, placebo-controlled trial. Stroke.

2007;38(4):1293-1297.

115. Page SJ, Levine P, Leonard AC. Effects of mental practice on

affected limb use and function in chronic stroke. Arch Phys

Med Rehabil. 2005;86(3):399-402.

116. Braun SM, Beurskens AJ, Kleynen M, Oudelaar B, Schols JM,

Wade DT. A multicenter randomized controlled trial to compare

subacute ‘treatment as usual’ with and without mental practice

among persons with stroke in Dutch nursing homes. J Am Med

Dir Assoc. 2012;13(1):85. e81-e87.

117. van der Lee JH, Beckerman H, Lankhorst GJ, Bouter LM. The

responsiveness of the Action Research Arm test and the Fugl-

Meyer Assessment scale in chronic stroke patients. J Rehabil

Med. 2001;33(3):110-113.

118. Barclay-Goddard RE, Stevenson TJ, Poluha W, Thalman L.

Mental practice for treating upper extremity deficits in individ-

uals with hemiparesis after stroke. Cochrane Database Syst

Rev. 2011;(5):Cd005950.

119. Verbunt JA, Seelen HA, Ramos FP, Michielsen BH, Wetzelaer

WL, Moennekens M. Mental practice-based rehabilitation

training to improve arm function and daily activity perfor-

mance in stroke patients: a randomized clinical trial. BMC

Neurol. 2008;8:7.

120. Nilsen DM, Dirusso T. Using mirror therapy in the home envi-

ronment: a case report. Am J Occup Ther. 2014;68(3):e84-e89.

121. Braun S, Kleynen M, Schols J, Schack T, Beurskens A, Wade

D. Using mental practice in stroke rehabilitation: a framework.

Clin Rehabil. 2008;22(7):579-591.

122. Chollet F, Cramer SC, Stinear C, et al. Pharmacological thera-

pies in post stroke recovery: recommendations for future clini-

cal trials. J Neurol. 2014;261(8):1461-1468.

88 The Neurohospitalist 5(2)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


