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Key points 
 
Bobath concept approaches and motor relearning programmes may not be beneficial for upper 
limb rehabilitation following stroke. 
 
Brunnstrom movement therapy may be more beneficial than motor relearning programmes for 
upper limb function. 
 
The literature is mixed regarding bilateral arm training for upper limb rehabilitation following 
stroke. 
 
Bilateral arm training may not be beneficial compared to unilateral training for upper limb 
function. 
 
Bilateral arm training in combination with other therapy approaches may not be beneficial for 
upper limb rehabilitation. 
 
The literature is mixed regarding strength training and functional strength training for upper limb 
rehabilitation following stroke. 
 
The literature is mixed regarding strength training and functional strength training for upper limb 
rehabilitation following stroke. 
 
Task-specific training, alone or in combination with other therapy approaches, may be beneficial 
for some aspects of upper limb function following stroke. 
 
Higher and lower intensity task-specific training may have similar effects on upper limb function.  
 
Constraint-induced movement therapy may be beneficial for upper limb rehabilitation in the 
chronic phase following stroke. 
 
The literature is mixed regarding constraint-induced movement therapy for upper limb 
rehabilitation in the subacute/acute phase following stroke. 
 
Modified constraint-induced movement therapy may be beneficial for upper limb rehabilitation in 
the chronic phase following stroke. 
 
Modified constraint-induced movement therapy may not be beneficial for upper limb 
rehabilitation in the subacute/acute phase following stroke. 
 
Higher and lower intensity constraint-induced movement therapy may have similar effects on 
upper limb function in the chronic phase following stroke.  
 
The literature is mixed regarding constraint-induced movement therapy in combination with 
other therapy approaches for upper limb rehabilitation following stoke. 
 
Trunk restraint with reaching training or distributed constraint induced therapy may improve 
some aspects of upper limb function following stroke, but the effect of combining trunk restraint 
with constraint-induced movement therapy is less clear. 
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Stretching programs may improve some aspects of upper limb function following stroke. 
 
Orthotics may not be beneficial for upper limb rehabilitation following stroke. 
 
Mirror therapy on its own or in combination with other interventions can improve many aspects 
of upper limb function following stroke. 
 
Mental practice, alone or in combination with constraint-induced movement therapy, may be 
beneficial for upper limb rehabilitation following stroke. 
 
Mental practice in combination with virtual reality training may not be beneficial for upper limb 
function. 
 
Action observation may be beneficial for some aspects of upper limb function following stroke. 
 
The literature is mixed regarding music therapy for upper limb rehabilitation following stroke. 
 
The literature is mixed regarding telerehabilitation for upper limb rehabilitation following stroke. 
 
The evidence is mixed regarding arm/shoulder end-effector robotics, alone or in combination 
with other therapy approaches, for upper limb rehabilitation following stroke. 
 
The evidence is mixed regarding arm/shoulder exoskeleton, hand exoskeleton, and hand end-
effector robotics for upper limb rehabilitation. 
 
Virtual therapy alone may not be more beneficial than conventional therapy for upper limb 
rehabilitation following stroke, however it may be beneficial for certain aspects of upper limb 
function when used in combination with conventional or other therapy approaches. 
 
The literature is mixed regarding brain-computer interface technology for upper limb motor 
rehabilitation following stroke, either on its own or combined with other therapies, but it may not 
be beneficial alone for other aspects of upper limb function. 
 
The literature is mixed regarding EMG biofeedback alone for upper limb rehabilitation following 
stroke, however it may not be beneficial when combined with other therapy approaches. 
 
The literature is mixed regrading cyclic and EMG-triggered neuromuscular electrical stimulation 
types, as well as functional electrical stimulation, alone or combined with other therapy 
approaches, for upper limb rehabilitation following stroke.  
  
The various types of neuromuscular electrical stimulation may not be more beneficial compared 
to one another. 
 
Transcutaneous electrical nerve stimulation may be beneficial for some aspects of upper limb 
function following stroke. 
 
Noxious thermal stimulation may not be beneficial for upper limb rehabilitation following stroke, 
whereas innocuous thermal stimulation may improve some aspects of upper limb function. 
 
Muscle vibration may be beneficial for improving upper limb function following stroke. 
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The literature is mixed regarding additional afferent and peripheral stimulation for upper limb 
rehabilitation following stroke. 
 
The literature is mixed regarding invasive cortical and nerve stimulation for upper limb 
rehabilitation following stroke. 
 
The literature is mixed regarding low frequency repetitive transcranial magnetic stimulation, 
alone or in combination with other therapy approaches, for upper limb rehabilitation following 
stroke. 
 
High frequency repetitive transcranial magnetic stimulation, alone or in combination with other 
therapy approaches, may be beneficial for upper limb rehabilitation. 
 
The literature is mixed regarding bilateral repetitive transcranial magnetic stimulation for upper 
limb rehabilitation. 
 
Theta burst stimulation alone may not be beneficial for upper limb function following stroke, 
however it may be beneficial for certain aspects of upper limb function when used in 
combination with repetitive transcranial magnetic stimulation. 

The literature is mixed regarding anodal, cathodal, or dual transcranial direct current stimulation, 
alone or in combination with other therapy approaches, for upper limb rehabilitation following 
stroke. 
 
Botulinum A likely improves spasticity in the upper limb following stroke, but not range of motion 
or activities of daily living. The effect on general upper limb motor function is conflicting and less 
clear. 
 
Botulinum toxin A in combination with other types of therapeutic approaches may be beneficial 
for certain aspects of upper limb function. 
 
Botulinum toxin B has been less well studied to date in comparison to botulinum toxin A. 
 
Steroid injections may not be beneficial for upper limb rehabilitation following stroke. 
 
Cerebrolysin may be beneficial for aspects of upper limb function following stroke. 
 
The evidence is mixed regarding Levodopa for upper limb rehabilitation following stroke. 
 
The evidence is mixed regarding atorvastatin for upper limb rehabilitation following stroke. 
 
Antidepressants may be beneficial for aspects of upper limb function following stroke. 
 
Dexamphetamine or methylphenidate may be beneficial for aspects of upper limb function 
following stroke. 
 
Methylphenidate combined with dual transcranial direct current stimulation may be beneficial for 
upper limb rehabilitation following stroke. 
 
The evidence is mixed regarding acupuncture alone for upper limb rehabilitation following 

http://www.ebrsr.com/


                                                 www.ebrsr.com       Page 7 

stroke. Acupuncture combined with conventional or other therapy approaches may not be 
beneficial for upper limb function. Some forms of acupuncture may be more beneficial than 
others. 
 
Electroacupuncture with neuronavigation-assisted aspiration may be beneficial for upper limb 
rehabilitation following stroke, however the evidence is mixed regarding electroacupuncture and 
transcutaneous electrical acupoint stimulation. 
 
Both meridian acupressure and massage therapy may be beneficial for some aspects of upper 
limb function following stroke. 
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Modified Sackett Scale  

 

Level of 
evidence 

Study design Description 

Level 1a Randomized 
controlled trial (RCT) 

More than 1 higher quality RCT (PEDro score Ó6). 

Level 1b RCT 1 higher quality RCT (PEDro score Ó6). 

Level 2 RCT Lower quality RCT (PEDro score <6). 

Prospective 
controlled trial (PCT) 

PCT (not randomized). 

Cohort Prospective longitudinal study using at least 2 similar 
groups with one exposed to a particular condition. 

Level 3 Case Control A retrospective study comparing conditions, including 
historical cohorts. 

Level 4 Pre-Post A prospective trial with a baseline measure, intervention, 
and a post-test using a single group of subjects. 

Post-test A prospective post-test with two or more groups 
(intervention followed by post-test and no re-test or 
baseline measurement) using a single group of subjects 

Case Series A retrospective study usually collecting variables from a 
chart review. 

Level 5 Observational Study using cross-sectional analysis to interpret 
relations. Expert opinion without explicit critical appraisal, 
or based on physiology, biomechanics or "first 
principles". 

Case Report Pre-post or case series involving one subject. 

 

 

 

 

 

 

http://www.ebrsr.com/


                                                 www.ebrsr.com       Page 9 

New to the 19th edition of the Evidence-based Review of Stroke 

Rehabilitation 
 

1) PICO conclusion statements 

This edition of Chapter 10: Upper extremity motor rehabilitation interventions 

synthesizes study results from only randomized controlled trials (RCTs), all levels of 

evidence (LoE) and conclusion statements are now presented in the Population 

Intervention Comparator Outcome (PICO) format. 

For example: 

 

New to these statements is also the use of colours where the levels of evidence are 

written. 

Red statements like above, indicate that the majority of study results when grouped 

together show no significant differences between intervention and comparator groups. 

Green statements indicate that the majority of study results when grouped together 

show a significant between group difference in favour of the intervention group. 

For example: 

 

Yellow statements indicate that the study results when grouped together are mixed or 

conflicting, some studies show benefit in favour of the intervention group, while others 

show no difference between groups. 
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For example: 

 

2) Upper extremity rehabilitation outcome measures  

For the studies reviewed, upper extremity rehabilitation outcome measures were 

classified into the following broad categories to allow for synthesis of results and 

formulation of PICO conclusion statements: 

Motor function: These outcome measures covered gross motor movements and a 

series of general impairment measures when using the upper extremities. 

Dexterity: These outcome measures assessed fine motor and manual skills through a 

variety of tasks, particularly with the use of a stroke survivorôs hand. 

Activities of daily living: These outcome measures assessed performance and level 

of independence in various everyday tasks. 

Spasticity: These outcome measures assessed changes in muscle tone, stiffness, and 

contractures. 

Range of motion: These outcome measures assessed a patientôs ability to freely move 

their upper extremity through flexion, abduction, and subluxation movements for 

instance, both passively and actively. 

Proprioception: These outcome measures assessed sensory awareness about oneôs 

body and the location of limbs. 

Stroke severity: These outcome measures assessed the severity of oneôs stroke 

through a global assessment of a multitude of deficits a stroke survivor may experience. 

Muscle strength: These outcome measures assessed muscle power and strength 

during movements and tasks. 

Outcome measures that fit these categories are described in the next few pages. 
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Outcome measures definitions  

Motor Function  
 

Action Research Arm Test (ARAT): Is a measure of activity limitation in the paretic 

arm that assesses a patientôs ability to handle objects differing in size, weight and 

shape. The test evaluates 19 tests of arm motor function, both distally and proximally. 

Each test is given an ordinal score of 0, 1, 2, or 3, with higher values indicating better 

arm motor status. The total ARAT score is the sum of the 19 tests, and thus the 

maximum score is 57. This measure has been shown to have good test-retest reliability 

and internal validity when used to assess motor function in chronic stroke patients 

(Ward et al. 2019; Nomikos et al. 2018) 

Brunnstrom Recovery Stages (BRS): Is a measure of motor function and muscle 

spasticity in stroke survivors. The measure contains 35 functional movements which are 

done with the guidance of a clinician (e.g. should abduction, shoulder adduction, leg 

flexion/extension). These movements are evenly divided into 2 sections: upper 

extremity and lower extremity. Each movement is then rated on a 6-point scale 

(1=Flaccidity is present, and no movements of the limbs can be initiated, 2=Movement 

occurs haltingly and spasticity begins to develop, 3=Movement is almost impossible and 

spasticity is severe, 4=Movement starts to be regained and spasticity begins to decline, 

5=More difficult movement combinations are possible as spasticity declines further. 

6=Spasticity disappears, and individual joint movements become possible). This 

measure has been shown to have good reliability and concurrent validity (Naghdi et al. 

2010; Safaz et al. 2009).  

Disabilities of the Arm, Shoulder and Hand (QuickDASH): Is a shortened version of 

DASH ï a patient-reported outcome measure intended for upper extremity disorders. It 

consists of 11 items from the original 30-item DASH questionnaire, where each item has 

5 response options, with scaled scores ranging from 0 (no disability) to 100 (most 

severe disability). The measure is shown to be valid and reliable in populations with 

upper extremity disorders (Gummesson et al. 2006; Salaffi et al. 2018). 

Fugl-Meyer Assessment (FMA): Is an impairment measure used to assess locomotor 

function and control of the upper and lower extremities, including balance, sensation, 

and joint pain in patients poststroke. It consists of 155 items, with each item rated on a 

three-point ordinal scale. The maximum motor performance score is 66 points for the 

upper extremity section, 34 points for the lower extremity section, 14 points for the 

balance section, 24 points for sensation section, and 44 points each for passive joint 

motion and joint pain section, for a maximum of 266 points that can be attained. The 

upper extremity section consists of four categories (Shoulder/Elbow/Forearm, Wrist, 

Hand/Finger, and Coordination) and includes 23 different movements which evaluate 33 

items. The items are scored on a 3-point rating scale: 0 = unable to perform, 1 = partial 

ability to perform and 2 = near normal ability to perform. The measure is shown to have 
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good reliability and construct validity (Okuyama et al. 2018; Villian-Villian et al. 2018; 

Nillson et al. 2001; Sanford et al. 1993). 

Finger Oscillation Test (FOT): Measures motor control and speed and is used to help 

detect brain damage through motor dysfunction by assessing the speed of finger 

movement. It measures the maximal tapping speed of the index finger of each hand by 

requiring the patient to work the lever arm of a mechanical counter up and down as fast 

as he or she can. The average number of taps in a 10-second interval is determined, 

and the patient performs five trials. The measure is considered a reliable indicator of 

brain function (Prigatano et al. 2004; Eng et al. 2013). 

Jebsen-Taylor Hand Function Test (JTHFT): Is a measure used to evaluate fine 

motor skills with weighted and non-weighted hand functions. The test is derived from 

hand functions required for activities of daily living and is scored as the time taken (in 

seconds) to complete each subtest, with a maximum of 120 seconds permitted for each 

subtest. The test is shown to have good test-retest reliability (Allgower et al. 2017; Stern 

1992) 

Manual Function Test (MFT): Is an upper-limb function assessment measure used for 

evaluating proximal arm movements as well as fine and gross dexterity of hemiparetic 

patients after stroke. The test includes 8 subtests including forward and lateral elevation 

of arm, grasping, pinching, and pegboard manipulations, and ratings can range from 0 

(severely impaired) to 32 (full function). The measure has been shown to have good 

reliability and validity (Miyamoto et al. 2009; Michimata et al. 2008). 

Motor Club Assessment (MCA): Is a measure of functional movement that indicates 

balance and movement by assessing the range of active movement for shoulder 

shrugging, arm lifting, forearm supination, wrist cocking, and finger extension. Each 

movement is rated on a 3-point scale (where 0 = no movement, and 2 = full range of 

movement). (Sunderland et al. 1989) 

Motor Evaluation Scale for Upper Extremity in Stroke Patients (MES-UE): Is a 

measure that assesses the quality of arm movement performance of the hemiparetic 

arm and hand in stroke patients. The scale encompasses 10 arm function items with six 

response categories (scores 0-5), nine hand function items with three response 

categories (scores 0-2), and three functional tasks with three response categories 

(scores 0-2). The measure is shown to be valid and reliable for measuring quality of arm 

movement in stroke patients (Van de Winckel et al. 2006). 

Motor Status Scale (MSS): Is a measure of upper limb impairment and disability 

following stroke. It is divided into 4 sections and assesses shoulder, elbow/forearm, 

wrist and hand movements on a 6-point scale (maximum score = 82 points). This 

clinical scale is thought to provide a more complete measurement of upper-limb motor 

function than the FMA, as it evaluates the complete range of motor function of the upper 

limb by employing a finer grading of isolated movements. The scale has been shown to 

have good validity and reliability (Ferraro et al. 2002; Wei et al. 2011). 
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Rancho Los Amigos Functional Test for the Hemiparetic Upper Extremity (RLAFT-

UE): Is a measure used to quantify functional movement ability of the hemiparetic arm 

in stroke patients. The test consists of a series 17 timed activities of daily living that 

focus on completion of everyday tasks involving the impaired limb (e.g., zipping a 

jacket, placing a pillow in a pillowcase). The tasks are arranged in seven levels by 

degree of difficulty ranging from simple single joint movements at the shoulder to 

complex multi-joint movements involving the hand and arm. The test has been shown to 

have high inter- and intra-rater reliability (Kahn et al. 2006; Wilson et al. 1984). 

Rivermead Motor Assessment (RMA): Is a multi-faced measure that assesses gross 

motor function, leg and trunk movements and arm movements in post-stroke patients. 

The arm movements section consists of 15 items ranging from specific isolated 

movements (e.g. protracting shoulder girdle in supine position) to complex tasks (e.g. 

placing a string around the head and tying a bow at the back). Patients perform all 

movements actively, and dichotomous scores indicate either success (score 1) or failure 

(score 0). The measure is shown to have good test-retest reliability, content validity, and 

construct validity (Dong et al. 2018, Van de Winckel et al. 2007). 

Sodring Motor Evaluation Scale (SMES): Is a measure of motor function and 

activities in patients with stroke. It is comprised of 3 subscales that evaluate the motor 

function of the upper and lower limb, and gross motor function. The first 2 subscales 

assess simple voluntary movements, while the third evaluates functional tasks including 

trunk movements, balance, and gait. The scale is comprised of 32 different items scored 

using a 5-point scale. The measure is shown to have good concurrent and construct 

validity, as well as good inter-rater reliability (Gor-Garcia_Fogeda et al. 2014). 

Stroke Impairment Assessment Set (SIAS): Is a measure of overall motor function 

and visuospatial ability in stroke survivors. The measure consists of 20 functional tasks 

(e.g. walking, combing hair, bending, tying shoes). These tasks are then subdivided into 

2 areas: tasks specific for the lower extremity and tasks specific for the upper extremity. 

Each task is then scored on a 6-point scale (0=cannot complete task, 5=completes task 

as well as the unaffected side). This measure has been shown to have good reliability 

and validity (Panarese et al. 2016; Seki et al. 2014).  

Stroke Rehabilitation Assessment of Movement (STREAM): Is a measure of overall 

gross motor function in stroke survivors. The measure consists of 30 functional tasks 

(e.g. filling up and drinking from a cup, walking, getting into and out of the bathtub, 

buttoning a shirt). These tasks are then subdivided into 3 areas: upper limb, lower limb 

and basic mobility. Each task is then scored on a 3-point scale (0=cannot complete 

task, 2=completes task as well as the unaffected side). This measure has been shown 

to have good reliability and validity (Mateen et al. 2018).  

Sollerman Hand Function Test (SHFT): Is a measure of general hand function and 

dexterity in stroke survivors. The measure consists of 20 functional tasks (e.g. stirring 

liquid, tying shoes, drinking from a cup, opening/shutting doors). Each task is then 
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scored on a 6-point scale (0=cannot complete task, 5=completes task as well as the 

unaffected side). This measure has been shown to have good inter/intra reliability and 

validity (Singh et al. 2015; Brogardh et al. 2007). 

Stroke Upper Limb Capacity Scale (SULCS): Is a measure of basic arm capacities 

and overall arm strength in stroke survivors. The measure consists of 10 functional 

tasks (e.g. carrying a briefcase, typing on a computer, writing on a notepad). These 

tasks are then subdivided into 3 areas: upper limb capacity with no control from wrist 

and fingers, upper limb capacity with basic control from wrist and fingers, and upper 

limb capacity with advanced control from wrist and fingers. Each task is then scored on 

a 3-point scale (0=cannot complete task, 2=completes task as well as the unaffected 

side). This measure has been shown to have good reliability and concurrent validity 

(Houwink et al. 2011; Roorda et al. 2011). 

University of Maryland Arm Questionnaire (UMAQ): Is a measure of gross functional 

dexterity in the upper arm for stroke survivors. The measure consists of 10 functional 

tasks (e.g. opening/closing jars, opening/closing doors, reaching and grabbing common 

household items). Each task is then scored on a 6-point scale (0=cannot complete task, 

5=completes task as well as the unaffected side). This measure has been shown to 

have good reliability and validity (Beebe et al. 2009, Bovendô Eerdt et al. 2002). 

Upper Extremity Function Test (UEFT): Is a measure of total upper extremity 

dexterity and function in stroke survivors. The measure consists of 15 functional tasks 

(e.g. moving a jar around, stacking coins, reaching and grabbing a cup). There are 3 

subsections of the UEFT: (speed of execution, functional rating, task analysis). Each 

task is then measured on a 6-point scale (-3=cannot complete task, +3=completes task 

as well as the unaffected side). This measure has good test/re-test reliability and validity 

(Platz et al. 2009; Feys et al. 2002). 

Wolf Motor Function Test (WMFT): Is a measure that quantifies upper extremity motor 

ability in stroke survivors. The measure consists of 17 tasks (e.g. lifting arm up using 

only shoulder abduction, picking up a pencil, picking up a paperclip). These tasks are 

then subdivided into 3 areas: functional tasks, measures of strength, and quality of 

movement. Patients are scored on a 6-point scale (1=cannot complete task, 

6=completes task as well as the unaffected side. This measure has been shown to have 

good reliability and validity (Wolf et al. 2005; Wolf et al. 2001). 
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Dexterity 
 

Box and Block Test (BBT): Is a measure of gross unilateral manual dexterity in stroke 

survivors. This measure consists of 1 functional task. This task involves a patient 

moving as many wooden blocks as possible from one end of a partitioned box to the 

other, in a span of 60 seconds. Patients are scored based on the number of blocks they 

transfer (the higher the blocks transferred, the better the outcome). The measure has 

been shown to have good reliability and validity. (Higgins et al. 2005; Platz et al. 2005). 

Finger to Nose Test (FNT): Is a measure of overall manual dexterity in stroke 

survivors. This measure consists of 1 functional task. This task involves the patient 

touching their index finger to their nose as 10 times as fast as possible. This task is then 

repeated 1 additional time. Patients are scored based on the number of times they 

touch their nose (the faster the time the better the outcome). The measure has been 

shown to have good reliability and construct plus concurrent validity (Rodrigues et al. 

2017)  

Grating Orientation Task (GOT): Is a measure of overall tactile spatial acuity in stroke 

survivors. This measure consisted of 1 functional task. Patients were asked to 

differentiate between a smooth and grooved surface that was placed both proximally 

and then distally from the patient. This process is repeated 10 different times. Patients 

are scored based on the number of times they successfully identify the type of surface 

(the higher the rate of identification, the better the outcome). This measure has been 

shown to have good reliability and validity (Craig 1999). 

Grooved Pegboard Test (GPT): Is a measure of fine motor control in stroke survivors. 

This measure consists of 1 functional task. Patients are asked to place 25 pegs into the 

grooved pegboard and are typically given 5-10 minutes to do so. The patients are then 

scored based on the number of pegs inserted and the time it took them to do so (the 

higher the insertion rate and the lower the time, the better the outcome). This measure 

has been shown to have good reliability and validity (Lee et al. 2016; Thompson-Butel 

et al. 2014).  

Minnesota Manual Dexterity Test (MMDT): Is a measure of fine motor control and 

general dexterity in stroke survivors. The measure consists of 2 functional tasks. 

Patients are asked to place wooden discs instead of a cylindrical object for the first task. 

Then, they are asked to turn the discs clockwise 180 degrees and told to shut the lid on 

the cylinder. Patients are scored on the amount discs inserted and on the screwing of 

the lid. The higher the number of discs put in the cylinder and the faster/tighter the lid is 

screwed on, the better the outcome. This measure has been shown to have good 

reliability and validity (Wang et al. 2018; Surrey et al. 2003). 

Nine Hole Peg Test (9HPT): Is a measure of overall manual dexterity in stroke 

survivors. The measure consists of 1 functional task. Patients are asked to take 9 pegs 
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out of a container and insert them into the pegboard. Once all 9 pegs are inserted they 

are then taken out of the pegs as quickly as possible and placed back in the container. 

Patients are scored on how quickly they can insert and take out the pins, so the faster 

the time, the better the outcome. This measure has been shown to have good reliability 

and concurrent validity (da Silva et al. 2017). 

Purdue Pegboard Test (PPT): Is a measure of precision grip strength and speed in 

stroke survivors. The measure consists of 1 functional task. Patients are asked to place 

as many pins as they can onto the pegboard in 30 secs, and then repeat this exercise 

for their other hand. Patients are scored on the number of pins they can place onto the 

pegboard in the given amount of time. This measure has been shown to have good 

reliability and validity (Gonzalez et al. 2017, Wittich & Nadon, 2017). 
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Activities of daily living  
 

Arm Motor Ability Test (AMAT): Is a measure of upper extremity limitation for stroke 

survivors in performing activities of daily living. The measure consists of 13 common 

unilateral and bilateral tasks (e.g. manipulating objects such as utensil and telephones; 

donning/doffing a piece of clothing). Each task is scored on two, 6-point ordinal scales 

assessing functional ability and the quality of the movement performed. The measure 

has been shown to have good reliability and construct validity, in its full form and in 

abbreviated versions for stroke survivors (Fulk et al. 2017; OôDell 2013; OôDell 2011). 

Assessment of Motor and Process Skills (AMPS): Is a measure of processing skills 

and overall independence for stroke survivors in performing activities of daily living 

(ADL) (Ahn et al. 2016). The measure consists of 16 motor tasks (e.g. picking up/setting 

down a mug, donning/doffing a piece of clothing, turning doorknobs) and 20 process 

tasks (e.g.memory testing, matching shapes, word recall ) (Ahn et al. 2016)  Each task 

is scored on 10 item tool assessing functional ability and the accuracy/speed at which 

the skill(s) are completed (Lam et al. 2018). This measure has been shown to have 

good reliability and validity in both its full and abbreviated form (Lam et al. 2018; Ahn et 

al. 2016). 

Barthel Index (BI): Is a measure of how well a stroke survivor can function 

independently and how well they can perform activities of daily living (ADL). The 

measure consists of a 10-item scale (e.g. feeding, grooming, dressing, bowel control). 

Possible total scores range from 0 to 100. This measure has been shown to have good 

reliability and validity in its full form (Gonzalez et al. 2018; Park et al. 2018). 

ABILHAND: Is a measure of how well a stroke survivor utilizes their hands to complete 

various manual tasks. The measure consists of 23 common bimanual activities (e.g. 

hammering a nail, wrapping gifts, cutting meat, buttoning a shirt, opening mail). Each 

task is then scored on a 3-point scale (0=impossible, 1=difficult, 2=easy) assessing 

overall ability. This measure has been shown to have good reliability and validity in its 

full form (Ashford et al. 2008; Penta et al. 2001).  

Canadian Occupational Performance Measure (COPM): Is a measure of how well a 

stroke survivor engages in self-care, productivity and leisure. The measure consists of 

25 functional items/tasks (e.g. bathing, ability to work at least part-time, activities 

involved in). Each task is then scored on a single 10-point rating scale primarily 

measuring proficiency in each of the 3 sub-categories (self-care, productivity and 

leisure). This measure has been shown to have good reliability and validity in its full 

form. (Yang et al. 2017). 

Chedoke Arm and Hand Activity Inventory (CAHAI): Is an upper limb measure that 

uses a 13-point quantitative scale in order to assess recovery of the arm and hand in 

performing activities of daily living after a stroke. It is a performance test using 13 

bimanually performed real-life items, designed to encourage bilateral upper limb use. 
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Scores represent the patientôs relative ability to independently perform stabilisation or 

manipulation in ADL with the impaired upper limb. The measure is shown to have good 

test-retest and interrater reliability, as well as good construct and concurrent validity 

(Ward et al. 2019; Schuster-Amft et al. 2018; Barteca et al. 2004). 

Duruoz Hand Index (DHI): Is a measure used to assess hand-related activity limitation 

based on questions concerning activities in a personôs daily life. It contains 18 activities 

commonly performed by the hand in the kitchen, during dressing, while performing 

personal hygiene, while performing office tasks, and other general items. The measure 

is shown to have good construct validity, test-retest reliability, and internal consistency 

in patients with stroke (Sezer et al. 2007). 

Frenchay Arm Test (FAT): Is a measure of the upper extremity motor control that a 

stroke survivor possesses. The measure consists of 5 common tasks that require use of 

the upper extremity (e.g. stabilize a ruler/draw a line with a pencil, comb hair, clip a 

clothespin onto the edge of a table, grasp a cylinder, drink from a glass of water and 

then set it down). Each task is then scored on a 2-point scale wherein each task 

receives either a 0 (unsuccessful completion) or a 1 (successful completion). This 

measure has been shown to have good reliability and validity in its full form. (Heller et 

al. 1987; Parker et al. 1986) 

Frenchay Activities Index (FAI): Is a measure of activities that stroke survivors have 

participated in recently. The measure consists of 15 items that are in turn split up into 3 

subscales (domestic chores, leisure/work and outdoor activities). These items include: 

preparing meals, washing clothes, light/heavy housework, social outings etc. Each task 

is then scored on a 4-point scale with 1 being the lowest score. This measure has been 

shown to have good reliability and concurrent validity in its full form (Schuling et al. 

1993) 

Functional Activity Scale (FAS): Is a measure of functional everyday activities that 

stroke survivors participate in daily. The measure consists of 15 functional activities 

(e.g. cooking, cleaning, zipping up a coat). Each activity is then scored on a 5-point 

scale (0=cannot complete activity, 4=completes activity as well as the unaffected side). 

This measure has been shown to have good reliability and validity (Pang et al. 2006). 

Functional Independence Measure (FIM): Is an 18-item outcome measure composed 

of both cognitive (5-items) and motor (13-items) subscales. Each item assesses the 

level of assistance required to complete an activity of daily living on a 7-point scale. The 

summation of all the item scores ranges from 18 to 126, with higher scores being 

indicative of greater functional independence. This measure has been shown to have 

excellent reliability and concurrent validity in its full form (Granger et al. 1998, Linacre et 

al. 1994; Granger et al. 1993).  

Goal Attainment Scale (GAS): Is a measure that quantifies the progress made 

towards obtaining personalized rehabilitation goals. The measure consists of 5 levels of 

goal achievement. The items in these levels consist of various goals individual patients 
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would like to achieve (e.g. bathing independently, being able to do housework, walking 

unaided). The patient is then rated on a 4-point scale on their ability to carry out said 

goals (-2=far behind schedule, +2=far ahead of schedule). This measure has been 

found to have good reliability and validity in its full form (Hanlan et al. 2017; Krasny-

Pacini et al. 2016)   

Modified Barthel Index (MBI): Is a measure of how well a stroke survivor can function 

independently and how well they can perform activities of daily living (ADL). The 

measure consists of a 10-item scale (e.g. feeding, grooming, dressing, bowel control). 

Possible scores range from 0 to 20. This measure has been shown to have good 

reliability and validity in its full form. (MacIsaac et al. 2017; Ohura et al. 2017).  

Motor Activity Log (MAL): Is a patient-reported measure of the use and quality of 

movement of the impaired arm. The measure consists of 30 functional tasks (e.g. 

handling utensils, buttoning a shirt, combing hair). Each task is then measured on a 6-

point scale (0=complete inability to use affected arm). This measure has been shown to 

have good reliability and validity (Chuang et al. 2017).  

Motor Assessment Scale (MAS): Is a performance-based measure that assesses 

everyday motor function. The measure consists of 8 motor-function based tasks (e.g. 

supine lying, balanced sitting, walking). Each task is then measured on a 7-point scale 

(0=suboptimal motor performance, 6=optimal motor performance). This measure has 

been shown to have good reliability and concurrent validity (Simondson et al. 2003).  

Nottingham Extended Activities of Daily Life (NEADL): Is a measure of a stroke 

survivorôs independence with regards to their performance on various activities of daily 

living. The measure consists of 22 functional tasks (e.g. walking, cooking, cleaning, 

participation in active hobbies). These tasks are then further divided into 4 distinct 

subscales (mobility, kitchen, domestic, and leisure activities). In turn, each task is 

measured on a 5-point (0=not at all, 4=on my own with no difficulty). This measure has 

been shown to have good reliability and validity (das Nair et al. 2011; Sahin et al. 2008). 

Nottingham Stroke Dressing Assessment (NSDA): Is a measure of a stroke 

survivorôs ability to successfully dress themselves. The measure consists of 25 

functional dressing tasks (e.g. buttoning up a shirt, buckling a belt/watch, putting on 

pants). These tasks are then measured on a 4-point scale (0=cannot complete task, 

3=completes task as well as the unaffected side). This measure has been shown to 

have good reliability and validity (Walker et al. 2011). 

Stroke Impact Scale (SIS): Is a patient-reported measure of multi-dimensional stroke 

outcomes. The measure consists of 59 functional tasks (e.g. dynamometer, reach and 

grab, walking, reading out loud, rating emotional regulation, word recall, number of 

tasks completed, and shoe tying). These tasks are then divided into 8 distinct subscales 

which include: strength, hand function, mobility, communication, emotion, memory, 

participation and activities of daily living (ADL). Each task is measured on a 5-point 
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scale (1=an inability to complete the task, 5=not difficult at all). The measure has been 

shown to have good reliability and validity (Mulder et al. 2016; Richardson et al. 2016). 

STAIS Stroke Questionnaire (SSQ): Is a measure of activities and participation in the 

physical environment for stroke survivors. The measure consists of 36 functional tasks 

(e.g. taking a bath or shower, ability to handle your finances, opening and closing 

doors). Each task is measured on a 4-point scale (1=no ability, 4=complete ability). The 

measure has been shown to have good reliability and concurrent validity (Bouffioulx et 

al. 2010 Bouffioulx et al. 2008) 

Upper Limb Self-Efficacy Test (UPSET): Is a measure of a stroke survivorôs 

confidence in their ability to carry out upper limb specific tasks with their affected side. 

The measure consists of 20 functional tasks (e.g. shaking hands, flipping a coin, 

opening/shutting doors). Each task is then measured on a 5-point scale (0=cannot 

complete task, 4=completes task as well as the unaffected side). The measure has 

been shown to have good test/retest reliability and validity (Abdullahi, 2016; Pang et al. 

2007).  
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Spasticity  
 

Ashworth Scale (AS): Is a measure of resistance to passive movement in stroke 

survivors. The measure contains 15 functional môovements which are done with the 

guidance of a trained clinician. These movements are evenly divided into 2 sections: 

upper extremity and lower extremity. Each movement is then rated on a 5-point scale 

(0=no increase in muscle tone, 1=barely discernible increase in muscle tone, 

2=moderate increase in muscle tone 3=profound increase in muscle tone (movement of 

affected limb is difficult) 4=complete limb flexion/rigidity (nearly impossible to move 

affected limb)). This measure has been shown to have good reliability and validity 

(Merholz et al. 2005; Watkins et al. 2002). 

Bhakta Finger Flexion Scale (BFFS): Is a measure of the overall finger flexion 

experienced by stroke survivors when completing functional tasks. This measure 

consists of 27 functional tasks (e.g. writing with a pen, typing, squeezing a ball). Each 

task is then rated on a 3-point scale (0=cannot complete task; fingers too rigid, 2=easily 

completes task; flexes and extends fingers). This measure has been shown to have 

good reliability and validity (Christina et al. 2015). 

Disability Assessment Scale (DAS): Is a measure of resistance to passive movement 

in the upper extremity for stroke survivors. The measure consists of 20 functional tasks 

(e.g. brushing teeth, buttoning a shirt, gait technique & general pain). These tasks are 

then divided into 4 sections: hygiene, dressing, limb position and pain. Each task is then 

rated from: 0=no disability, 1=mild disability 2=moderate disability, 3=severe disability. 

This measure has been shown to have good reliability and validity (Thibaut et al. 2013; 

Brashear et al. 2002) 

Modified Ashworth Scale (MAS): Is a measure of muscle spasticity for stroke 

survivors. The measure contains 20 functional movements which are done with the 

guidance of a trained clinician. These movements are evenly divided into 2 sections: 

upper extremity and lower extremity. Each movement is then rated on a 6-point scale 

(0=no increase in muscle tone, 1=barely discernible increase in muscle tone 1+=slight 

increase in muscle tone, 2=moderate increase in muscle tone 3=profound increase in 

muscle tone (movement of affected limb is difficult) 4=complete limb flexion/rigidity 

(nearly impossible to move affected limb)). This measure has been shown to have good 

reliability and validity (Merholz et al. 2005; Blackburn et al. 2002). 

Modified Tardieu Scale (MTS): Assesses spasticity through measuring the quality and 

angle of muscle movements in response to stretches of different velocities. The 

velocities of muscle movement are as slow as possible (V1), speed of the limb falling 

from gravity (V2), and when the joint is moved as fast as possible (V3). The quality and 

angle of muscle reactions are recorded during these velocities. The quality of muscle 

reactions are scored as: 0 (no resistance throughout the duration of the stretch), 1 

(slight resistance), 2 (clear catch occurring at a precise angle, followed by a release), 3 

(fatigable clonus), 4 (infatigable clonus), 5 (joint is immovable) (Li et al. 2014b). 
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Resistance to Passive Movement Scale (REPAS): Is a measure of general muscle 

spasticity for stroke survivors. The measure contains 52 functional movements which 

are done with the guidance of a trained clinician. These movements are evenly divided 

into 2 sections: upper extremity and lower extremity. Each movement is then rated on a 

5-point scale (0=no increase in muscle tone, 1=barely discernible increase in muscle 

tone, 2=moderate increase in muscle tone 3=profound increase in muscle tone 

(movement of affected limb is difficult) 4=complete limb flexion/rigidity (nearly 

impossible to move affected limb)). This measure has been shown to have good 

test/retest reliability and concurrent validity (Platz et al. 2008). 

Spasm Frequency Scale (SFS): Is a measure of the amount of spasms experienced 

by stroke survivors in a day. The measure is only concerned with measuring the amount 

of spasms in a single day. The amount of spasms per day are rated based on a 5-point 

scale (0=No spasms. 1= One or fewer spasms per day 2=Between 1 and 5 spasms per 

day 3=Five to less than 10 spasms per day 4=Ten or more spasms per day, or 

continuous contraction). This measure has been shown to have good reliability and 

validity (Santamato et al. 2013; Snow et al. 1990). 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ebrsr.com/


                                                 www.ebrsr.com       Page 23 

Range of motion 

Active Range of Motion (AROM): Is a measure of the range of motion stroke survivors 

possess without receiving assistance. The measure consists of 20 functional 

movements for both the upper and lower extremity. The movements are evenly divided 

into 2 sections: upper extremity and lower extremity. These movements are then rated 

on a 4-point ordinal scale (0=cannot complete movement, 3=completes movement as 

well as the unaffected side). This measure has been shown to have good reliability and 

validity (Beebe & Lang 2009, Dickstein et al. 1986) 

Maximal Elbow Extension Angle During Reach (MEEAR): Is a measure of the 

amount of elbow extension undergone by a stroke survivor while they are reaching for 

an object. The measure consists of 1 functional movement which is when a patient 

reaches for an object and their rate of elbow extension is measured (the higher the rate 

of extension, the better the outcome). This measure has been shown to have good 

inter/intra reliability and concurrent validity (Murphy et al. 2011; Cristea et al. 2003). 

Passive Range of Motion (PROM): Is a measure of the range of motion stroke 

survivors possess while receiving assistance. The measure consists of 30 functional 

movements for both the upper and lower extremity. The movements are evenly divided 

into 2 sections: upper extremity and lower extremity. These movements are then rated 

on a 5-point ordinal scale (0=cannot complete movement, 4=completes movement as 

well as the unaffected side). This measure has been shown to have good test/retest 

reliability and validity (Lynch et al. 2005). 
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Proprioception 
 
Joint Position Sense Test (JPST): Is a measure of how well stroke survivors can 

perceive the position of their joints in motion and standing still. The measure consists of 

1 functional task repeated several times. This task involves the patient holding 2 

different shaped objects that also weigh different from each other and then told to 

identify which one weighs more and which one has a stranger shape. The more times 

the patient (s) identifies which shape is heavier/unique, then the better the outcome. 

This measure has been shown to have good reliability and validity (Kattenstroth et al. 

2013). 

Kinesthetic Visual Imagery Questionnaire (KVIQ): Is the measure of the visual acuity 

and muscle movement that stroke survivors possess. The measure consists of 20 

functional tasks (e.g. tying shoes, reading out loud, reaching for an object, peripheral 

vision testing). Each task is then measured on 3-point scale (0=cannot complete task, 

2=completes task as well as the unaffected side). This measure has been shown to 

have good reliability and validity (Salles et al. 2017; Demanboro et al. 2018). 

Revised Nottingham Sensory Assessment (RNSA): Is a measure of somatosensory 

perception in stroke survivors. The measure consists of 1 functional task repeated with 

11 different objects. The task involves patients identifying 11 different objects with their 

eyes closed. The higher the rate of objects identified leads to a better overall outcome. 

This measure is shown to have good reliability and validity (Boccuni et al. 2018; Gorst et 

al. 2018). 
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Stroke severity  
 

Modified Rankin Scale (MRS): Is a measure of functional independence for stroke 

survivors. The measure contains 1 item. This item is an interview that lasts 

approximately 30-45 minutes and is done by a trained clinician. The clinician asks the 

patient questions about their overall health, their ease in carrying out ADLs (cooking, 

eating, dressing) and other factors about their life. At the end of the interview the patient 

is assessed on a 6-point scale (0=bedridden, needs assistance with basic ADLs, 

5=functioning at the same level as prior to stroke). This measure has been shown to 

have good reliability and validity (Quinn et al. 2009; Wilson et al. 2002). 

National Institutes of Health Stroke Scale (NIHSS): Is a measure of somatosensory 

function in stroke survivors during the acute phase of stroke. This measure contains 11 

items and 2 of the 11 items are passive range of motion (PROM) assessments 

delivered by a clinician to the upper and lower extremity of the patient. The other 9 

items are visual exams conducted by the clinician (e.g. gaze, facial palsy dysarthria, 

level of consciousness). Each item is then scored on a 3-point scale (0=normal, 

2=minimal function/awareness). This measure has been shown to have good reliability 

and validity (Heldner et al. 2013; Weimar et al. 2004). 

Neurological Function Deficit Scale (NFDS): Is a measure of neurological deficits 

experienced by stroke survivors in both the upper and lower extremities. This measure 

contains 40 functional movements done with the guidance of a clinician (e.g. should 

abduction, shoulder adduction, leg flexion/extension). These movements are evenly 

divided into 2 sections: upper extremity and lower extremity. Each movement is then 

measured on a 6-point scale (0=normal function, 5=severe stroke). This measure has 

been shown to have good test/retest reliability and validity (Yao & Ouyang. 2014). 
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Muscle strength 

Hand Grip Strength (HGS): Is a measure of the overall hand grip strength in stroke 

survivors. The measure consists of 1 functional task. This task involves a patient 

squeezing the dynamometer and then receiving a hand grip strength measurement. 

This action is then repeated 1 additional time and the best of the two readings is used 

as a score. This measure has been shown to have good test/retest reliability and validity 

(Bertrand et al. 2015).  

Isokinetic Peak Torque (IPT): Is a measure of the work capacity of specific muscle 

groups of a stroke survivor. The measure consists of 1 functional task. The patient 

performs elbow flexion/extension while attached to a machine that measures force 

output. The process is then repeated for the leg. The output is then compared to healthy 

patients that are approximately the same age and build. This measure has been shown 

to have good test/retest reliability (Horvat et al. 1997). 

Manual Muscle Strength Test (MMST): Is a measure of how well a stroke survivor can 

complete various upper extremity movements while resistance is applied by a trained 

clinician. The measure consists of 3 functional tasks: muscle contraction, total range of 

motion and resistance to applied pressure. Patients are scored on a 12-point scale 

(0=no movement, T=trace/barely discernable movement, 10=movement carried out as 

well as the unaffected side). This measure has been shown to have good reliability and 

validity (Kristensen et al. 2017; Ada et al. 2016) 

Medical Research Council Scale (MRCS): Is a measure of overall muscle strength a 

stroke survivor possesses. The measure consists of 33 functional tasks (e.g. 

opening/shutting cupboards, screwing and unscrewing lids, lifting of light objects). Each 

task is then rated on a 4-point scale (0=cannot complete task, 3=completes task as well 

as the unaffected side). This measure has been shown to have good reliability and 

validity (Hsieh et al. 2011; Fasoli et al. 2004). 
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Therapy based interventions 

Neurodevelopmental techniques 
  

 
Adopted from: http://www.bobathconcept.eu/en/main-site/ 

There are several approaches that are considered to be neurodevelopmental techniques (NDT). 

These include the Bobath concept, Brunnstrom movement therapy and motor relearning 

programmes. 

The Bobath concept is a comprehensive, problem-solving treatment approach that focuses on 

motor recovery (e.g. function, movement and tone) of an individualôs affected side after a lesion 

in the central nervous system (Michielsen et al. 2017). Prior to its introduction in the 1950ôs, 

stroke rehabilitation largely assumed a compensatory approach towards the unaffected side for 

rehabilitation (Kollen et al. 2009). The Bobath concept like other neurodevelopmental 

techniques relies on the tenets of neuroplasticity, in that motor recovery of the affected side is 

possible through individualised treatment plans that focus on how tasks are completed, 

facilitation of movements through therapeutic handling, movement analysis, modification of the 

environment and appropriate use of verbal cues from therapists (Michielsen et al. 2017). 

Brunnstrom movement therapy focuses on retraining motor movements through emphasis of 

the synergistic and reflexive muscle movements that develop during recovery from hemiplegia. 

The approach encourages the use of abnormal or spastic muscle movements of the flexors and 

extensors during early recovery to regain muscle synergies, contrary to the Bobath concept 

which inhibits these movements (Pandian 2012; Brunnstrom 1970). 

The motor relearning programme employs practice of task-specific activities to remediate 

specific motor skills needed to perform that task. Motor tasks are practiced in context relevant 

environments to enhance sensory input and modulate performance (Pandian 2012). 

A total of 9 RCTs were found that evaluated neurodevelopmental techniques for upper extremity 

motor rehabilitation, interventions categories are listed below. 
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Three RCTs compared the Bobath concept to conventional therapy (van der Lee et al. 1999; 

Gelber et al. 1995; Basmajian et al. 1987). Two RCTs compared motor relearning programmes 

to conventional therapy (Walker et al. 2012; Platz et al. 2009). Three RCTs compared motor 

relearning programmes to Bobath concept approaches (Langhammer and Stanghelle, 2011; 

Platz et al. 2005; van Vliet et al. 2005). One RCT compared Brunnstrom movement therapy to a 

motor relearning programme (Pandian et al. 2012). 

The methodological details and results of all 9 RCTs are presented in Table 1. 

Table 1. RCTs evaluating neurodevelopmental techniques for upper extremity motor 
rehabilitation 

Authors (Year) 
Study Design (PEDro Score) 

Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Bobath concept approach compared to conventional therapy 

van der Lee et al. (1999) 
RCT (7) 
Nstart=66 
Nend=57 
TPS=Chronic 

E: Bobath concept  
C: Forced-use therapy  
Duration: 6h, 5d/wk for 2wk 

¶ Action Research Arm Test (+con) 
 

Gelber et al. (1995) 
RCT (5) 
Nstart=20 
Nend=20 
TPS=Acute 

E: Bobath concept  
C: Traditional techniques  
Duration: Not reported 

¶ Functional Independence Measure (-) 
¶ Box and Block Test (-) 
¶ Nine Hole Peg Test (-) 
 

Basmajian et al. (1987) 
RCT (6) 
Nstart=29 
Nend=23 
TPS=Sub-acute 

E: Bobath concept  
C: Physical and behavioural therapy using EMG  
Duration: 45min, 3d/wk for 5wk 

¶ Upper Extremity Performance Test for the 
Elderly (-) 

¶ Finger Oscillation Test (-) 

Motor relearning programmes compared to conventional therapy 

Walker et al. (2012) 
RCT (7) 
NStart=70 
NEnd=64 
TPS=Acute 

E: Motor relearning programme  
C: Dressing without a task-oriented approach 
Duration: 3d/wk for 6wk 

¶ Nottingham Stroke Dressing Assessment (-) 
¶ 10-hole peg transfer test (-) 

Platz et al. (2009) 
RCT (8) 
Nstart=148 
Nend=135 
TPS=Not reported 

E: Motor relearning programme  
E2: Passive therapy (with splints) 
C: Conventional therapy 
Duration: 45min, 5d/wk for 4wk 

¶ Fugl-Meyer Assessment (-) 
¶ Upper Extremity Performance Test for the 

Elderly (-) 
 

Motor relearning programme compared to Bobath concept approaches 

Langhammer & Stanghelle (2011).  
RCT (8) 
Nstart=61 
Nend=53 
TPS=Not reported 

E: Motor relearning programme   
E2: Bobath concept 
Duration: 40min, 5d/wk for 2wk 

¶ Motor Assessment Scale (+exp) 
¶ Sodring Motor Evaluation Scale (+exp) 
¶ Motor Activity Log (+exp) 

Platz et al. 2005 
RCT (8) 
Nstart=62 
Nend=62 
TPS=Subacute 

E: Motor relearning programme (Arm BASIS)  
E2: Bobath concept 
C: No augmented exercise therapy time 
Duration: 4wk 

¶ Fugl-Meyer Assessment (-) 

van Vliet et al.  (2005) 
RCT (7) 
Nstart=120 

E: Motor Relearning Programme  
E2: Bobath concept 
Duration: 23min, 5d/wk for 4wk 

¶ Motor Assessment Scale (-) 
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Nend=105 
TPS=Acute 

Brunnstrom movement therapy vs Motor relearning programme 

Pandian et al. (2012) 
RCT (6) 
Nstart=30 
Nend=30 
TPS=Chronic 

E: Brunnstrom hand manipulation treatment  
C: Motor relearning programme  
Duration: 1h, 3d/wk for 4wk 

¶ Fugl-Meyer Assessment (+exp) 
 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ebrsr.com/
http://www.ncbi.nlm.nih.gov/pubmed/22703742


                                                 www.ebrsr.com       Page 30 

Conclusions about neurodevelopmental techniques 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 
Bobath concept approaches may not have a 
difference in efficacy when compared to conventional 
therapy for improving motor function. 

2 
 

Van der lee et al. 
1999; Basmajian et 
al. 1987 

1b 
Motor relearning programmes may not have a 
difference in efficacy when compared to conventional 
therapy for improving motor function. 

1 
 

Platz et al. 2009 

1a 
There is conflicting evidence about the effect of motor 
relearning programmes to improve motor function 
when compared to Bobath concept approaches. 

2 
 

Langhammer 
Stanghelle et al. 
2011; Platz et al. 
2005 

1b 
Brunnstrom movement therapy may produce greater 
improvements in motor function than motor relearning 
programmes. 

1 
 

Pandian et al. 2012 

 

ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

2 

Bobath concept approaches may not have a 
difference in efficacy when compared to conventional 
therapy for improving performance of activities of daily 
living. 

1 
 

Gelber et al. 1995 

1b 

Motor relearning programmes may not have a 
difference in efficacy when compared to conventional 
therapy for improving performance of activities of daily 
living. 

1 
 

Walker et al. 2012 

1a 

There is conflicting evidence about the effect of motor 
relearning programmes to improve performance of 
activities of daily living when compared to Bobath 
concept approaches. 

2 
 

Langhammer 
Stanghelle et al. 
2011; Van Vliet et al. 
2005 

 

DEXTERITY 
LoE Conclusion Statement RCTs References 

2 
Bobath concept approaches may not have a 
difference in efficacy when compared to conventional 
therapy for improving dexterity. 

1 
 

Gelber et al. 1995 

1b 
Motor relearning programmes may not have a 
difference in efficacy when compared to conventional 
therapy for improving dexterity. 

1 
 

Walker et al. 2012 
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Key points  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Bobath concept approaches and motor relearning programmes may not be beneficial for 

upper limb rehabilitation following stroke. 
 

Brunnstrom movement therapy may be more beneficial than motor relearning programmes 
for upper limb function. 
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Bilateral arm training 
 

 
Adopted from: https://www.newswise.com/articles/stroke-survivors-rehab-arms-with-in-home-device 

Bilateral arm training is a technique whereby patients perform the same movements with both 

the right and left upper limbs simultaneously. The use of bilateral arm training techniques with 

the upper limb following stroke has been encouraged recently with the development of new 

theories regarding neural plasticity. Theoretically, the use of the intact limb helps to promote 

functional recovery of the impaired limb through facilitative coupling effects between the 

damaged and intact cerebral hemispheres through neural networks linked via the corpus 

callosum (Morris et al. 2008; Summers et al. 2007).  

Interventions for bilateral arm training included: 13 RCTs evaluating bilateral arm training 

compared to unilateral arm training (Han and Kim, 2016; Shim et al. 2015; McCombe et al. 

2014; Byl et al. 2013; Dispa et al. 2013; Kim et al. 2013; Wu et al. 2013; Morris and van Wijck, 

2012; Yang et al. 2012; Lin et al. 2010; Stoykov et al. 2009; Morris et al. 2008; Summers et al. 

2007). Five RCTs evaluating bilateral arm training compared to conventional rehabilitation 

(Meng et al. 2018; Lee et al. 2017; Lee et al. 2013; Stinear et al. 2008; Desrosiers et al. 2005). 

Two RCTs evaluating bilateral arm training with rhythmic auditory cueing compared to unilateral 

arm training or conventional rehabilitation (Whitall et al. 2011; Luft et al. 2004), and task-

oriented bilateral arm training (Hsieh et al. 2016; Song et al. 2015). A single RCT looked at 

bilateral arm training compared to TENS (Stinear et al. 2014); while two RCTs looked at EMG-

triggered NMES bilateral arm training (Singer et al. 2013; Cauraugh and Kim, 2003). Two RCTs 

looked at bilateral arm training compared to CIMT (Brunner et al. 2012; Wu et al. 2011), and 

another two compared bilateral arm training with rhythmic auditory cueing to modified CIMT 

(van Delden et al. 2015; van Delden et al. 2013). 

http://www.ebrsr.com/


                                                 www.ebrsr.com       Page 33 

The methodological details and results of all 29 RCTs evaluating bilateral arm training for the 

upper extremity motor rehabilitation are presented in Table 2. 

Table 2. RCTs evaluating BAT interventions for upper extremity motor rehabilitation 
Authors (Year) 

Study Design (PEDro 
Score) 

Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Bilateral arm training compared to unilateral arm training 

Han & Kim (2016) 
RCT (5) 
NStart=25 
NEnd=25 
TPS=Not reported 

E: Bilateral arm training 
C: Unilateral arm training 
Duration: 5x/wk for 6wk 

¶ Box and Block Test (-) 
¶ Elbow Amplitude (-) 
¶ Shoulder Amplitude (+exp) 

Shim et al. (2015) 
RCT (6) 
NStart=20 
NEnd=20 
TPS=Chronic 

E: Bilateral training  
C: Unilateral training 
Duration: 30min, 5x/wk for 6wk 

¶ Motor Function Test (+exp) 
¶ Functional Independence Measure (+exp) 
¶ Affected hand amount of sedentary and moderate 

activity (+exp) 

McCombe et al.(2014)  
RCT (7) 
NStart=30 
NEnd=26 
TPS=Subacute 

E: Bilateral + Unilateral training  
C: Unilateral training 
Duration: 1h, 3d/wk for 12wk 

¶ Wolf Motor Function Test (+exp) 
¶ University of Maryland Arm Questionnaire (+exp) 
¶ Fugl-Meyer Assessment (-) 
¶ Box and Block Test (-) 

Byl et al. (2013) 
RCT (5) 
NStart=18 
NEnd=15 
TPS=Subacute 

E: Bilateral orthosis  
C: Unilateral orthosis 
Duration: 90 min for 12 sessions 

¶ Fugl-Meyer Assessment (-) 

Dispa et al. (2013) 
RCT (7) 
NStart=10 
NEnd=10 
TPS=Not given 

E: Bilateral therapy  
C: Unilateral therapy 
Duration: 1h, 3d/wk for 4wk 

¶ Fugl-Meyer Assessment (-) 
¶ Purdue pegboard Test (-) 
¶ ABILHAND scale (-) 
¶ STAIS-stroke questionnaire (-) 

Kim et al. (2013) 
RCT (3) 
Nstart=15 
Nend=15 
TPS=Subacute 

E1: Bilateral robotic training 
E2: Unilateral robotic training 
C: Usual Care 
Duration: 90min, 2d/wk for 6wk 

¶ Fugl-Meyer Assessment (-) 

Wu et al. (2013c) 
RCT (7) 
NStart=53 
NEnd=53 
TPS=Chronic 

E1: Bilateral robotic training  
E2: Unilateral robotic training  
C: Conventional therapy 
Duration: 90 to 105min, 1d/wk for 4wk  

¶ Motor Activity Log (-) 
¶ Wolf Motor Function Test (-) 
¶ ABILHAND Scale (-) 

Morris & van Wijck (2012) 
RCT (7) 
Nstart=106 
Nend=85 
TPS=Not reported 

E: Bilateral training 
C: Unilateral training 
Duration: 20min, 5d/wk for 6wk 

¶ 9 Hole Peg Test (+exp) 
¶ Action Research Arm Test (-) 

Yang et al. (2012) 
RCT (7) 
Nstart=21 
Nend=21 
TPS=Chronic 

E1: Unilateral robot assisted training 
E2: Bilateral robot assisted training 
C: Standard training group 
Duration: 90min, 5d/wk for 4wk 

¶ Fugl-Meyer Assessment (-) 
¶ Medical Research Council Scale (-) 

Lin et al.  (2010) 
RCT (6) 
Nstart=33 

E: Bilateral training 
C: Unilateral training 
Duration: 2h, 5d/wk for 3wk 

¶ Fugl Meyer Assessment (+exp) 
¶ Functional Independence Measure (-) 
¶ Motor Assessment Log (-) 
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Nend=33 
TPS=Chronic 

Stoykov et al.  (2009) 
RCT (5) 
Nstart=21 
Nend=21 
TPS=Chronic 

E: Bilateral training 
C: Unilateral training 
Duration: 1h, 3d/wk for 8wk 

¶ Motor Assessment Scale (-) 
¶ Motor Status Scale (-) 

Morris et al. (2008) 
RCT (7) 
Nstart=106 
Nend=85 
TPS=Chronic 

E: Bilateral training 
C: Unilateral training 
Duration: 20min, 5d/wk for 6wk 

¶ Arm Research Arm Test (-) 
¶ Rivermead Motor Assessment (-) 
¶ 9 Hole Peg Test (+exp) 
¶ Modified Barthel Index (-) 

Summers et al.  (2007) 
RCT (5) 
Nstart=12 
Nend=10 
TPS=Chronic 

E: Bilateral training 
C: Unilateral training 
Duration: Not reported 

¶ Modified Motor Assessment Scale (+exp) 

Bilateral arm training compared to conventional rehabilitation 

Meng et al. (2018) 
RCT (7) 
Nstart=128 
Nend=123 
TPS=Acute 

E: Hand-Arm Bimanual Intensive Therapy  
C: Conventional Rehabilitation Program 
Duration: 1h (twice per d), 5d/wk for 2wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Action Research Arm Test (+exp) 

 

Lee et al. (2017) 
RCT (6) 
NStart=30 
NEnd=30 
TPS=Chronic 

E: Bilateral Arm Training 
C: Upper Extremity Training  
Duration: 1h, 5d/wk for 8wk 
 

¶ Fugl-Meyer Assessment (+exp) 
¶ Box and Block Test (+exp) 
¶ Modified Barthel Index (+exp) 

Lee et al. (2013) 
RCT (6) 
NStart=26 
NEnd=26 
TPS=Chronic 

E: Bilateral training + conventional 
rehabilitation  
C: Conventional rehabilitation 
Duration: 30min, 3d/wk for 4wk 

¶ Functional Independence Measure (+exp) 

Stinear et al. (2008) 
RCT (6) 
Nstart=32 
Nend=27 
TPS= Chronic 

E: Bilateral training 
C: Self-directed motor practice 
Duration: 10min (three times per day), 
7d/wk for 4wk 

¶ Fugl Meyer Assessment (+exp)  
¶ Grip strength (-) 
 

Desrosiers et al. (2005) 
RCT (7) 
Nstart=41 
Nend=33 
TPS=Subacute 
 

E: Bilateral training 
C: Conventional therapy 
Duration: 45min, 15-20 sessions 

¶ Fugl Meyer Assessment (-) 
¶ Grip strength (-) 
¶ Box and Block Test (-) 
¶ Purdue Pegboard Test (-) 
¶ Finger-to-Nose Test (-) 
¶ Upper Extremity Performance test for the Elderly (-) 
¶ Functional Independence Measure (-) 
¶ The Assessment of Motor and Process Skills (-) 

Bilateral arm training with rhythmic auditory cueing compared to unilateral arm training or conventional rehabilitation 

Whitall et al. (2011) 
RCT (6) 
NStart=111 
NEnd=92 
TPS=Chronic 

E: Bilateral arm training with rhythmic auditory 
cueing 
C: Dose matched unilateral therapeutic 
exercises 
Duration: 20min, 3d/wk for 6wk 

¶ Fugl Meyer Assessment (-) 
¶ Wolf Motor Function Test (-) 
¶ Stroke Impact Scale (-) 
¶ Elbow extension (-) 
¶ Shoulder extension (-) 
¶ Wrist extension (+exp) 
¶ Elbow flexion (-) 

Luft et al. (2004) 
RCT (7) 
Nstart=26 
Nend=21 
TPS=Chronic 

E: Bilateral arm training + rhythmic auditory 
cueing  
C: Therapeutic exercises. 
Duration: 1 h, 3d/wk for 6wk 

¶ Fugl Meyer (-) 
¶ Wolf Motor Arm Test (-) 
¶ University of Maryland Arm Questionnaire for Stroke (-) 
¶ Elbow Strength (-) 
¶ Shoulder Strength (-) 

 Task-oriented bilateral arm training compared to task-oriented training or bilateral arm training with rhythmic auditory cueing 
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Hsieh et al. (2016) 
RCT (6) 
NStart=31 
NEnd=31 
TPS=Subacute 

E: Bilateral arm priming + task-oriented 
training 
C: Task-oriented training alone 
Duration: 90min, 5d/wk for 4wk 

¶ Fugl-Meyer Assessment (-) 
¶ Box and Block Test (-) 
¶ Grip Strength (-) 
¶ Modified Rankin Scale (-) 
¶ Functional Independence Measure (-) 
¶ Activities of Daily Living (-) 
¶ Stroke Impact Scale (+exp) 

Song et al. (2015) 
RCT (5) 
NStart=40 
NEnd=40 
TPS=Chronic 

E: Task-oriented bilateral arm training  
E2: Bilateral arm training with rhythmic 
auditory cueing 
Duration: 30min, 5d/wk for 12wk 

¶ Box and Block Test (+exp) 
¶ Jebsen Taylor Hand Function Test (+exp) 
¶ Modified Barthel Index (+exp) 

Bilateral arm training compared to TENS 

Stinear et al. (2014)  
RCT (6) 
NStart=57 
NEnd=51 
TPS=Not given 

E: Bilateral training  
C: TENS 
Duration: 45min, 5d/wk for 4wk 

¶ Modified Ashworth Scale (-) 
¶ Stroke Impact Scale (-) 

EMG-triggered NMES with bilateral arm training compared to EMG-triggered NMES with unilateral training 

Singer et al.(2013) 
RCT (4) 
NStart=24 
NEnd=21 
TPS=Chronic 

E: Bilateral training + EMG-triggered NMES  
C: Unilateral training + EMG-triggered 
NMES 
Duration: 30min, 7d/wk for 6wk 

¶ Fugl-Meyer Assessment (-) 
¶ Arm Motor Ability Test (-) 

Cauraugh & Kim (2002) 
RCT (5) 
Nstart=25 
Nend=25 
TPS=Chronic 

E: EMG-triggered NMES + bilateral training  
E2: EMG-triggered NMES + unilateral training  
C: Control 
Duration: 90min, 4d/wk for 2wk 

E1 vs E2/C 
¶ Box and Block Test: (+exp) 

E2 vs C 
¶ Box and Block Test (+exp2) 

Bilateral arm training compared to CIMT 

Brunner et al. (2012)  
RCT (7) 
Nstart=30 
Nend=30 
TPS=Not given 

E: Bilateral training  
C: mCIMT 
Duration: 4h, 7d/wk for 4wk 

¶ Action Research Arm Test (-) 
¶ 9 Hole Peg Test (-) 
¶ Motor Activity Log (-) 

Wu et al. (2011) 
RCT (5) 
Nstart=66 
Nend=58 
TPS=Chronic 

E: dCIT  
E2: Bilateral training  
C: Control 
Duration: 2h, 5d/wk for 3wk  

E/E2 vs C 
¶ Normalized Movement Unit for unilateral and bilateral tasks 

(+exp, exp2) 
E2 vs C 

¶ Peak Velocity for unilateral and bilateral tasks (exp2) 
E vs C  

¶ Wolf Motor Function Test (+exp) 
E vs E2/C 

¶ Motor Activity Log (+exp) 
¶ Wolf Motor Function Test (-) 
¶ Peak Velocity for unilateral and bilateral tasks (-) 
¶ Normalized Movement Unit for unilateral and bilateral tasks 

(-) 
 

Modified CIMT with unilateral training compared to rhythmic auditory cueing with bilateral arm training 

van Delden et al. (2015) 
RCT (6) 
NStart=60 
NEnd=52 
TPS=Subacute 

E: Modified CIMT + unilateral training  
E2: Rhythmic auditory cueing + bilateral 
training  
C: Dose-matched Control 
Duration: 1h, 3d/wk for 6wk 

    E2 vs C 
¶ Bimanual coordination task: (+exp2) 
    E vs C 
¶ Unimanual reference task (+con) 
     E vs E2 
¶ Unimanual reference task (+exp2) 

van Delden et al. (2013) 
RCT (6) 

E1: Modified CIMT + unilateral training  
E2: Rhythmic auditory cueing + bilateral 
training 

¶ Action Research Arm Test (-) 
¶ Nine Hole Peg Test (-) 
¶ Motricity Index (-) 
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NStart=60 
NEnd=55 
TPS=Subacute 

C: Dose-matched control group 
Duration: 1h, 3d/wk for 6wk 

¶ Fugl-Meyer Assessment (-) 
¶ Motor Activity Log (-) 
¶ Stroke Impact Scale (-) 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  
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Conclusions about bilateral arm training 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 
 

Bilateral arm training may not have a difference in 
efficacy when compared to unilateral arm training for 
improving motor function. 

11 
 

Shim et al. 2015; 
McCombe et al. 
2014; Byl et al. 2013; 
Dispa et al. 2013; 
Kim et al. 2013; Wu 
et al. 2013; Morris 
and van Wijck, 2012; 
Yang et al. 2012; Lin 
et al. 2010; Stoykov 
et al. 2009; Morris et 
al. 2008 

1a 
 

Bilateral arm training may produce greater 
improvements in motor function than conventional 
therapy. 

4 
 

Meng et al. 2018; 
Lee et al. 2017; 
Stinear et al. 2008; 
Desrosiers et al. 
2005 

1b 

Bilateral arm training with rhythmic auditory 
cueing may not have a difference in efficacy when 
compared to unilateral arm training or conventional 
therapy for improving motor function. 

2 
 

Whiteall et al. 2011; 
Luft et al. 2004 

1b 
Task-oriented bilateral arm training may not have a 
difference in efficacy when compared to task-oriented 
training for improving motor function. 

1 
 

Hsieh et al. 2016 

2 
 

EMG-triggered NMES with bilateral arm training 
may not have a difference in efficacy when compared 
to EMG-triggered NMES with unilateral arm training 
for improving motor function. 

1 
 

Singer et al. 2013 

1b 
Bilateral arm training may not have a difference in 
efficacy when compared to CIMT for improving motor 
function.  

2 
 

Brunner et al. 2012; 
Wu et al. 2011 

1a 
 

There is conflicting evidence about the effect of 
bilateral arm training with rhythmic auditory cueing 
to improve motor function when compared to mCIMT. 

2 
 

Van Delden et al. 
2015; Van Delden et 
al. 2013 

 

SPASTICITY 
LoE Conclusion Statement RCTs References 

1b 
Bilateral arm training may not have a difference in 
efficacy when compared to TENS for improving 
spasticity. 

1 
 

Stinear et al. 2014 

 

STROKE SEVERITY 
LoE Conclusion Statement RCTs References 

1b 

Task-oriented bilateral arm training may not have a 
difference in efficacy when compared to task-oriented 
training for improvements on measures of stroke 
severity. 

1 
 

Hsieh et al. 2016 
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DEXTERITY 
LoE Conclusion Statement RCTs References 

1a 
 

Bilateral arm training may not have a difference in 
efficacy when compared to unilateral arm training for 
improving dexterity. 

5 
 

Han and Kim, 2016; 
McCombe et al. 
2014; Dispa et al. 
2013; Morris and van 
Wijck, 2012; Morris 
et al. 2008 

1a 
 

There is conflicting evidence about the effect of 
bilateral arm training to improve dexterity when 
compared to conventional therapy. 

2 
 

Lee et al. 2017; 
Desrosiers et al. 
2005 

1b 
 

Task-oriented bilateral arm training may not have a 
difference in efficacy when compared to task-
oriented training for improving dexterity. 

1 
 

Hsieh et al. 2016 

2 
Task-oriented bilateral arm training may produce 
greater improvements in dexterity than bilateral arm 
training with rhythmic auditory cueing. 

1 
 

Song et al. 2015 

2 

EMG-triggered NMES with bilateral arm training 
may produce greater improvements in dexterity than 
EMG-triggered NMES with unilateral arm training 
or conventional therapy. 

1 
 

Cauraugh and Kim, 
2002 

1b 
 

Bilateral arm training may not have a difference in 
efficacy when compared to CIMT for improving 
dexterity.  

1 
 

Brunner et al. 2012 

1b 
 

Bilateral arm training with rhythmic auditory 
cueing may not have a difference in efficacy when 
compared to mCIMT for improving dexterity. 

1 
 

Van Delden et al. 
2013 

 

MUSCLE STRENGTH 
LoE Conclusion Statement RCTs References 

1b 
There is conflicting evidence about the effect of 
bilateral arm training to improve muscle strength 
when compared to unilateral arm training. 

2 
 

Han and Kim, 2016; 
Yang et al. 2012 

1a 
 

Bilateral arm training may not have a difference in 
efficacy when compared to conventional therapy for 
improving muscle strength. 

2 
 

Stinear et al. 2008; 
Desrosiers et al. 
2005 

1b 
 

Bilateral arm training with rhythmic auditory 
cueing may not have a difference in efficacy when 
compared to unilateral arm training or conventional 
therapy for improving muscle strength. 

2 
 

Whiteall et al. 2011; 
Luft et al. 2004 

1b 
 

Task-oriented bilateral arm training may not have a 
difference in efficacy when compared to task-oriented 
training for improving muscle strength. 

1 
 

Hsieh et al. 2016 
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ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1a 
 

Bilateral arm training may not have a difference in 
efficacy compared to unilateral arm training for 
improving performance of activities of daily living. 

7 
 

Shim et al. 2015; 
Dispa et al. 2013; 
Wu et al. 2013; Lin 
et al. 2010; Stoykov 
et al. 2009; Morris et 
al. 2008; Summers 
et al. 2007 

1a 
 

There is conflicting evidence about the effect of 
bilateral arm training to improve performance of 
activities of daily living when compared to 
conventional therapy. 

3 
 

Lee et al. 2017; Lee 
et al. 2013; 
Desrosiers et al. 
2005 

1b 
 

Bilateral arm training with rhythmic auditory 
cueing may not have a difference in efficacy when 
compared to unilateral arm training for improving 
performance of activities of daily living. 

1 
 

Whiteall et al. 2011 

1b 
 

There is conflicting evidence about the effect of task-
oriented bilateral arm training to improve 
performance of activities of daily living when compared 
to task-oriented training. 

1 
 

Hsieh et al. 2016 

2 
 

Task-oriented bilateral arm training when compared 
to bilateral arm training with rhythmic auditory 
cueing may produce greater improvements in 
performance of activities of daily living. 

1 
 

Song et al. 2015 

1b 
 

Bilateral arm training may not have a difference in 
efficacy when compared to TENS for improving 
performance of activities of daily living. 

1 
 

Stinear et al. 2014 

2 
 

EMG-triggered NMES with bilateral arm training 
may not have a difference in efficacy when compared 
to EMG-triggered NMES with unilateral arm training 
for improving performance of activities of daily living. 

1 
 

Singer et al. 2013 

1b 
There is conflicting evidence about the effect of 
bilateral arm training to improve performance of 
activities of daily living when compared to CIMT. 

2 
 

Brunner et al. 2012; 
Wu et al. 2011 

1b 
 

Bilateral arm training with rhythmic auditory 
cueing may not have a difference in efficacy when 
compared to mCIMT for improving performance of 
activities of daily living. 

1 
 

Van Delden et al. 
2013 
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Key points  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The literature is mixed regarding bilateral arm training for upper limb rehabilitation following 

stroke. 
 

Bilateral arm training may not be beneficial compared to unilateral training for upper limb 
function. 

 
Bilateral arm training in combination with other therapy approaches may not be beneficial 

for upper limb rehabilitation. 
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Strength training 
 

 
Adopted from: https://www.flintrehab.com/2018/arm-exercises-for-stroke-patients/ 

Strength training can be defined as an intervention involving repetitive and effortful muscle 

contractions with the goal of increasing motor unit activity (Ada et al. 2006). The interventions 

analyzed were classified as either traditional strength training or functional strength training. 

Traditional strength training involves resistance training in which individual muscles are often 

isolated and stabilized through protocols involving free weights or machines (Tomljenovic et al. 

2011). Functional strength training is based on the principle of specific adaptations to imposed 

demands (SAID) in which training programs involve tasks that are modeled after common daily 

activities (Tomljenovic et al. 2011). These tasks often involve multiple muscle groups and 

require functional movements that are more applicable and may produce gains in strength in 

performing everyday tasks (Tomljenovic et al. 2011). 

18 RCTs were found evaluating strength training for upper extremity motor rehabilitation. Nine 

RCTs compared strength training to conventional rehabilitation, simple joint mobilization or 

scapular exercises (Coroian et al. 2018; DellôUomo et al. 2017; Kim et al. 2017; Kim and Yim, 

2017; Jeon et al. 2016; Da Silva et al. 2015; Lin et al. 2015; Winstein et al. 2004; Trombly et al. 

1986). Four RCTs looked at strength training compared to task-specific training (Folkerts et al. 

2017; Awad et al. 2015; Thielman et al. 2013; Corti et al. 2012). Three RCTs compared 

functional strength training to conventional therapy, non-functional strength training or 

movement performance therapy (Hunter et al. 2018; Park et al. 2017; Graef et al. 2016). Two 

RCTs looked at functional strength training compared to task-specific training (Agni and 

Kulkarni, 2017; Pattern et al. 2013). 

The methodological details and results of all 18 RCTs are presented in Table 3. 
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Table 3. RCTs evaluating strength training interventions for upper extremity motor 
rehabilitation 

Authors (Year) 
Study Design (PEDro Score) 

Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Strength training versus conventional rehabilitation, simple joint mobilization or scapular exercises 

Coroian et al. (2018) 
RCT (7) 
NStart=20 
NEnd=16 
TPS=Chronic 

E: Isokinetic Strengthening  
C: Passive Joint Mobilization  
Duration: 45min/d, 3d/wk for 6wk 

¶ Fugl-Meyer Assessment (+con) 
¶ Isokinetic Peak Torque (-) 
¶ Box and Block Test (-) 
¶ Modified Ashworth Scale (-) 

DellôUomo et al. (2017) 
RCT (5) 
NStart=28 
NEnd=28 
TPS=Subacute 

E: Scapulohumeral Rehabilitation 
C: Conventional Arm/Trunk Rehabilitation 
Duration: 20min/d, 5d/wk for 6wk 
 

¶ Barthel Index (-) 
¶ Fugl-Meyer Assessment (-) 
¶ Modified Ashworth Scale (-) 

Kim et al. (2017) 
RCT (5) 
NStart=24 
NEnd=17 
TPS=Chronic 

E: Scapular Stabilization Exercise 
C: Simple Scapular Exercise 
Duration: 30min/d, 3d/wk for 8wk 
 

¶ Manual Function Test (+exp) 
 

Kim & Yim (2017) 
RCT (5) 
NStart=30 
NEnd=29 
TPS=Chronic 

E: Hand Training and Treadmill Weight Bearing 
Training 
C: Conventional Therapy 
Duration: 30min/d, 3d/wk for 6wk 

¶ Handgrip Strength (-) 
 

Jeon et al. (2016) 
RCT (5) 
NStart=12 
NEnd=12 
TPS=Chronic 
 

E: Repetitive bilateral and unilateral movements 
with strength exercises 
C: Conventional rehabilitation 
Duration: 30min/d, 3d/wk for 12wk 

¶ Flexion and abduction range of motion (+exp) 
 

Da Silva et al. (2015) 

RCT (8) 

NStart=20 

NEnd=20 

TPS=Chronic 

E: Strength training 

C: Standard care 
Duration: 30min/d, 2d/wk for 6wk 

¶ TEMPA (+exp) 
¶ Glumerohumeral flexion strength (+exp) 
¶ Active shoulder Range of Motion (+exp) 
¶ Fugl-Meyer Assessment (+exp) 

Lin et al. (2015) 

RCT (7) 

NStart=33 

NEnd=33 

TPS=Chronic 

E: Bilateral Isometric Handgrip Force Training 

with Visual Feedback 

C: Routine Therapy 
Duration: 30min/d, 3d/wk for 4wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Wolf Motor Function Test (+exp) 
¶ Motor Assessment Scale (+exp) 
¶ Barthel Index (+exp) 

Winstein et al. (2004) 

RCT (6) 

Nstart=64 

Nend=44 

TPS=Acute 

E1: Strength training 

E2: Functional task practice 

C: Standard care 

Duration: 1h/d, 5d/wk for 4wk 

E1/E2 vs. C 
¶ Fugl Meyer Assessment: (+exp & +exp2) 
¶ Functional test of the hemiparetic upper 

extremity (+exp & +exp2) 
¶ Isometric torque (+exp & +exp2) 

Trombly et al. (1986) 

RCT (4) 

Nstart=20 

Nend=20 

TPS=Chronic 

E1: Resisted Grasp 

E2: Resisted Extension 

C: Ballistic Extension 

Duration: 7d/wk for 3wk 

¶ Finger Extension Range of Motion (-) 
¶ Speed and ability to rapidly reverse 

movement (-) 
 

Strength training versus task-specific training 

Folkerts et al (2017) 
RCT Crossover (4) 

E1: Eccentric Strength Training followed by 
Task-Oriented Strength Training 

¶ Action Research Arm Test (-) 
¶ Shoulder, Elbow and Wrist Strength (-) 

http://www.ebrsr.com/
https://www.sciencedirect.com/science/article/pii/S0003999317311164?via%3Dihub
https://www-ncbi-nlm-nih-gov.proxy1.lib.uwo.ca/pubmed/?term=Effects+of+scapulohumeral+rehabilitation+protocol+on+trunk+control+recovery+in+patients+with+subacute+stroke%3A+A+pilot+randomized+controlled+trial
https://www.ncbi.nlm.nih.gov/pubmed/29204011
https://www.ncbi.nlm.nih.gov/pubmed/29131814
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5011567/
https://www.ncbi.nlm.nih.gov/pubmed/25122097
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0131048
http://www.ncbi.nlm.nih.gov/pubmed/15083439
http://www.ncbi.nlm.nih.gov/pubmed/3766683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effectiveness+and+feasibility+of+eccentric+and+task-oriented+strength+training+in+individuals+with+stroke
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NStart=11 
NEnd=10 
TPS=Chronic 

E2: Task-Oriented Strength Training followed by 
Eccentric Strength Training 
Duration: 3d/wk for 4wk 
 

Awad et al. (2015) 

RCT (4) 

NStart=30 

NEnd=23 

TPS=Chronic 

 

E: Shoulder Strength Training, Trunk Control 

Training, and Additional Strengthening 

Exercises. 

C: Shoulder Strength Training and Trunk Control 

Training. 

Duration: 3d/wk for 6wk 

¶ Shoulder Abduction Peak Torque (+exp) 
¶ Shoulder External Rotator Peak Torque 

(+exp) 
¶ Supraspinatus Peak Force (+exp) 
¶ Upper Trapezius Peak Force (+exp) 
¶ Serratus Anterior Peak Force (+exp) 
¶ Scapular Upward Rotation Angle (+exp) 
¶ Spinal Lateral Deviation Angle (+exp) 

Thielman et al. (2013b) 

RCT (6) 

NStart=16 

NEnd=16 

TPS=Chronic 

E: Progressive resistive strength training  

C: Task-related training  

Duration: Not reported 

¶ Activate range of motion for shoulder and 
elbow (+exp) 

¶ Wolf Motor Function Test (+exp) 
¶ Reaching (+exp) 

Corti et al. (2012) 

RCT Crossover (7) 

Nstart=14 

Nend=14 

TPS=Chronic 

E1: Power Training 

E2: Functional Task Practice 

Duration: 90min/d, 3d/wk for 10wk 

¶ Shoulder Flexion and Elbow Extension (+exp) 

Functional strength training versus conventional therapy, strength training or movement performance therapy 

Hunter et al. (2018) 
RCT (6) 
NStart=288 
NEnd=240 
TPS=Acute 

E: Functional Strength Training 
C: Movement Performance Therapy 
Duration: 90min/d, 5d/wk for 6wk 
  

¶ Action Research Arm Test (-) 
¶ Wolf Motor Function Test (-) 
¶ Grip and Pinch Force (-) 

Park et al. (2017) 
RCT (5) 
NStart=30 
NEnd=26 
TPS=Subacute 

E: Boxing 
C: Conventional Therapy 
Duration: 30min/d, 3d/wk for 6wk 
 

¶ Manual Function Test (+exp) 
¶ Unaffected Side Hand Grip Strength (+exp) 

 

Graef et al. (2016) 
RCT (8) 
NStart=28 
NEnd=27 
TPS=Chronic 
 

E: Strength training with a functional goal 
C: Strength training with non-functional 
movements 
Duration: 30min/d, 3d/wk for 5wk 

¶ Upper-Extremity Performance Test (+exp) 
¶ Shoulder Strength (-) 
¶ Grip Strength (-) 
¶ Shoulder Active Range of Motion (-) 
¶ Fugl-Meyer Assessment (-) 
¶ Modified Ashworth Scale (-) 

Functional strength training versus task-specific training 

Agni and Kulkarni (2017) 
RCT (5) 
Nstart=45 
Nend=37 
TPS=Chronic 

E1: Strength Training 
E2: Functional Task-Related Training 
E3: Functional Task-Related Training with 
Strength Training 
Duration: 70min/d, 3d/wk for 6wk 
 

E1 vs. E2: 
¶ Chedoke Arm and Hand Inventory (exp2) 
¶ Manual Muscle Strength (+exp) 
¶ Fugl-Meyer Assessment (-) 

E1 vs E3: 
¶ Chedoke Arm and Hand Inventory (+exp3) 
¶ Manual Muscle Strength (+exp3) 
¶ Fugl-Meyer Assessment (-) 

E2 vs E3: 
¶ Chedoke Arm and Hand Inventory (-) 
¶ Manual Muscle Strength (+exp3) 
¶ Fugl-Meyer Assessment (-) 
 

Patten et al. (2013) 

USA 

RCT (7) 

Nstart=19 

Nend=17 

E: Functional Task Practice and Power Training 

C: Functional Task Practice  

Duration: 75min/d, 3d/wk for 4wk 

¶ Wolf Motor Function Test (-) 
¶ Ashworth Scale (-) 
¶ Functional Independence Measure (+exp) 

http://www.ebrsr.com/
https://www.jstage.jst.go.jp/article/jpts/27/7/27_jpts-2014-698/_article/-char/ja/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Insights+into+upper+limb+kinematics+and+trunk+control+one+year+after+task-related+training+in+chronic+post-stroke+individuals
http://www.ncbi.nlm.nih.gov/pubmed/22357633
https://www.ncbi.nlm.nih.gov/pubmed/?term=Functional+strength+training+and+movement+performance+therapy+for+upper+limb+recovery+early+poststroke-efficacy%2C+Neural+correlates%2C+predictive+markers%2C+and+cost-effectiveness%3A+FAST-INdiCATE+trial
https://www.ncbi.nlm.nih.gov/pubmed/27792020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5176200/
https://www.ijphy.org/view_issue.php?title=EFFECT-OF-STRENGTH-TRAINING-FUNCTIONAL-TASK-RELATED-TRAINING-AND-COMBINED-STRENGTH-AND-FUNCTIONAL-TASK-RELATED-TRAINING-ON-UPPER-EXTREMITY-IN-POST-STROKE-PATIENTS
http://www.ncbi.nlm.nih.gov/pubmed/23336711


                                                 www.ebrsr.com       Page 44 

TPS=Chronic 
Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  
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Conclusions about strength training 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 

Strength training may produce greater improvements 
in motor function than conventional therapy, simple 
joint mobilization or scapular exercises. 

6 
 

Coroian et al. 2018; 
DellôUomo et al. 
2017; Kim et al. 
2017; Da Silva et al. 
2015; Lin et al. 2015; 
Winstein et al. 2004 

1b 
There is conflicting evidence about the effect of 
strength training to improve motor function when 
compared to task-specific training. 

3 
 

Agni and Kulkarni, 
2017; Folkerts et al. 
2017; Thielman et al. 
2013 

1a 

Functional strength training may not have a 
difference in efficacy when compared to conventional 
therapy, strength training or movement 
performance therapy for improving motor function. 

4 
 

Hunter et al. 2018; 
Agni and Kulkarni, 
2017; Park et al. 
2017; Graef et al. 
2016 

1b 
Functional strength training may not have a 
difference in efficacy when compared to task-specific 
training for improving motor function. 

2 
 

Agni and Kulkarni, 
2017; Pattern et al. 
2013 

 

DEXTERITY 
LoE Conclusion Statement RCTs References 

1b 

Strength training may not have a difference in 
efficacy when compared to conventional therapy, 
simple joint mobilization or scapular exercises for 
improving dexterity. 

2 
 

Corian et al. 2018; 
Trombly et al. 1986 

 

SPASTICITY 
LoE Conclusion Statement RCTs References 

1b 

Strength training may not have a difference in 
efficacy when compared to conventional therapy, 
simple joint mobilization or scapular exercises for 
improving spasticity. 

2 
 

Coroian et al. 2018; 
DellôUomo et al. 
2017 

1b 
Functional strength training may not have a 
difference in efficacy when compared to strength 
training for improving spasticity. 

1 
 

Graef et al. 2016 

1b 
Functional strength training may not have a 
difference in efficacy when compared to task-specific 
training for improving spasticity. 

1 
 

Pattern et al. 2013 

 

RANGE OF MOTION 
LoE Conclusion Statement RCTs References 

1a 
Strength training may produce greater improvements 
in range of motion than conventional therapy, simple 
joint mobilization or scapular exercises. 

4 
 

Jeon et al. 2016; Da 
Silva et al. 2015; 
Winstein et al. 2004; 
Trombly et al. 1986 

1a 
Strength training may produce greater improvements 
in range of motion than task-specific training. 

2 
 

Thielman et al. 2013; 
Corti et al. 2012 

http://www.ebrsr.com/
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1b 
Functional strength training may not have a 
difference in efficacy when compared to strength 
training for improving range of motion. 

1 
 

Graef et al. 2016 

 

ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1b 

There is conflicting evidence about the effect of 
strength training to improve performance of activities 
of daily living when compared to conventional 
therapy, simple joint mobilization or scapular 
exercises. 

2 
 

DellôUomo et al. 
2017; Lin et al. 2015 

2 
Functional strength training may produce greater 
improvements in performance of activities of daily 
living than strength training. 

1 

Agni and Kulkarni, 
2017 

1b 

There is conflicting evidence about the effect of 
functional strength training to improve performance 
of activities of daily living when compared to task-
specific training. 

2 
 

Agni and Kulkarni, 
2017; Pattern et al. 
2013 

 

MUSCLE STRENGTH 
LoE Conclusion Statement RCTs References 

1a 

There is conflicting evidence about the effect of 
strength training to improve muscle strength when 
compared to conventional therapy, simple joint 
mobilization or scapular exercises. 

3 
 

Coroian et al. 2018; 
Kim and Yim, 2017; 
Da Silva et al. 2015 

2 
Strength training may produce greater improvements 
in muscle strength than task-specific training. 

3 
 

Agni and Kulkarni, 
2017; Folkerts et al. 
2017; Awad et al. 
2015 

1a 

There is conflicting evidence about the effect of 
functional strength training to improve muscle 
strength when compared to conventional therapy, 
strength training or movement performance 
therapy. 

4 
 

Hunter et al. 2018; 
Agni and Kulkarni, 
2017; Park et al. 
2017; Graef et al. 
2016 

2 
Functional strength training may produce greater 
improvements in muscle strength than task-specific 
training. 

1 
 

Agni and Kulkarni, 
2017 

 

Key points

 
The literature is mixed regarding strength training and functional strength training for upper 

limb rehabilitation following stroke. 
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Task-specific training 
 

 
Adopted from: https://www.stltoday.com/lifestyles/health-med-fit/custom-made-rehab-helps-victims-of-stroke/article_06eb5759-3291-5730-930f-725c0d436450.html 

Task-specific training involves integrating tasks that are relevant to daily life (e.g. pouring a drink 

into a cup) into rehabilitation programs, while repetitive task training involves repeated practice 

of these tasks (Van Peppen et al. 2004; McCombe Waller et al. 2008; Stewart et al. 2006). 

Usually these consist of motor tasks that are focused on improvement of performance and 

function through goal-directed practice and repetition (Hubbard et al. 2009). It is well established 

that task-specific practice is required for motor learning to occur (Schmidt, 1991). Focal 

transcranial magnetic stimulation and functional magnetic resonance imaging have shown that 

task-specific training, in comparison to traditional stroke rehabilitation, yields long-lasting cortical 

reorganization specific to the corresponding areas being used (Classen et al.1998). More 

specifically, Karni et al. (1995), using functional magnetic resonance imaging, and Classen et al. 

(1998), using transcranial magnetic stimulation, both reported a slowly evolving, long-term, 

experience-dependent reorganization of the adult primary motor cortex following daily practice 

of task-specific motor activities.  

Also, of interest is that task-specific sessions (i.e., thumb and hand movements), as short as 15 

minutes in duration, are also effective in inducing lasting cortical representational changes 

(Bütefisch et al.1995; Classen et al.1998). According to Page (2003), intensity alone does not 

account for the differences between traditional stroke and task-specific rehabilitation. For 

example, Galea et al. (2001) reported that stroke patients who underwent a 3-week long 

program consisting of 45-minute task-specific, upper limb training showed improvements in 

measures of motor function, dexterity, and increased use of the more affected upper limbs. 

According to Page (2003), other, task-specific, low-intensity regimens designed to improve use 

and function of the affected limb have also reported significant improvements (Smith et al. 1999; 

Whitall et al. 2000; Winstein et al. 2001). 
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A total of 16 RCTs were found that looked task-specific training for upper extremity motor 

rehabilitation. 12 RCTs looked at task-specific training compared to conventional rehabilitation 

(Skubik-Peplaski et al. 2017; Brkic et al. 2016; Winstein et al. 2016; Kim et al. 2015; Hubbard et 

al. 2015; Zondervan et al. 2014; Shimodozono et al. 2013; Thielman et al. 2013; Arya et al. 

2012; Thielman et al. 2012; Boyd et al. 2010; Thielman et al. 2004). Two RCTs looked at the 

intensity of task-specific training delivered (Waddell et al. 2017; Lang et al. 2016). One RCT 

looked at robotic training with task-specific training compared to robotic training (Hung et al. 

2016), and another RCT looked at EMG-triggered NMES with task-specific training compared to 

EMG-triggered NMES (Kim et al. 2016). 

The methodological details and results of all 16 RCTs are presented in Table 4. 
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Table 4. RCTs evaluating task-specific training for upper extremity motor rehabilitation 
Authors (Year) 

Study Design (PEDro Score) 
Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Task-specific training compared to conventional rehabilitation 

Skubik-Peplaski et al. (2017) 
RCT (7) 
NStart=16 
NEnd=16 
TPS=Chronic 

E: Repetitive Task Practice  
C: Occupation-Based Intervention 
Duration: 55min/d, 2d/wk for 4wk 

¶ Fugl-Meyer Assessment (-) 
¶ Stroke Impact Scale (-) 
¶ Canadian Occupational Performance 

Measure (-) 
 

Brkic et al. (2016) 
RCT (5) 
NStart=24 
NEnd=22 
TPS=Acute 

E: Repetitive upper limb functional task practice 
C: Conventional rehabilitation 
Duration: 7d/wk for 4wk 

¶ Action Research Arm Test (+exp) 
¶ Grip Strength (+exp) 

Winstein et al. (2016) 
ICARE Trial 
RCT (7) 
NStart=361 
NEnd=361 
TPS=Subacute 
 

E1: Structured, task-oriented upper extremity 
training 
E2: Dose-equivalent occupational therapy 
C: Monitoring-only occupational therapy 
Duration: 1h/d, 3d/wk for 10wk 

E1/E2 vs C; E1 vs E2 
¶ Wolf Motor Function Test: (-) 

E1/E2 vs C; E1 vs E2 
¶ Stroke Impact Scale: (-) 

Kim et al. (2015) 
RCT (8) 
NStart=44 
NEnd=40 
TPS=Chronic 

E: Target reach training with visual biofeedback, 
routine occupational and physical therapy 
C: Routine occupational and physical therapy 
Duration: 1h/d, 3d/wk for 4wk 

¶ Fugl-Meyer Upper Extremity (+exp) 
¶ Wolf Motor Function Test (+exp) 
¶ Reaching speed (+exp) 
¶ Range of Motion of the shoulder (+exp) 

Reach distance (-) 

Hubbard et al. (2015) 

RCT (6) 

NStart=23 

NEnd=23 
TPS=Acute 

E: Task-specific training and standard care 
C: Standard Care 
Duration: 2h/d, 5d/wk for 3wk 

¶ Upper Limb Motor Assessment Scale (-) 
¶ Modified Rankin Scale (-) 

Zondervan et al. (2014) 
RCT (6) 
NStart=17 
NEnd=16 
TPS=Chronic 

E: Self-guided, high-repetition home therapy with 
mechanical arm exerciser 
C: Conventional therapy 
Duration: 1h/d, 3d/wk for 3wk 

¶ Fugl-Meyer Assessment (-) 
¶ Motor Activity Log (-) 
¶ Ashworth Scale (-) 

Shimodozono et al. (2013) 
RCT (7) 
NStart=52 
NEnd=49 
TPS=Subacute 

E: Repetitive functional exercise 
C: Conventional rehabilitation 
Duration: 40min/d, 5d/wk for 4wk 

¶ Action Research Arm Test (+exp) 
¶ Grasp and pinch (+exp) 
¶ Fugl Meyer (+exp) 

Thielman et al. (2013a) 
RCT (6) 
Nstart=37 
Nend=37 
TPS=Chronic 

E1: Task-Related Training (TRT) 
E2: Progressive Resistive Exercises (PRE) 
Duration: Not reported 

¶ Motor Activity Log (+exp) 
¶ Wolf Motor Function Test (+exp) 
¶ Reaching Performance Scale (+exp) 
¶ Fugl-Meyer Assessment (+exp)  

Arya et al. (2012)  
MTST Trial 
RCT (9) 
NStart=103 
NEnd=102 
TPS=Subacute 

E: Task-specific training  
C: Standard training using the Bobath approach 
Duration: 1h/d, 4-5d/wk for 4wk 

¶ Fugl Meyer Score (+exp) 
¶ Action Research Arm Test (+exp) 

Thielman (2012) 
RCT (6) 
NStart=16 
NEnd=16 

E1: Task-Related Training 
E2: Resistive Exercise Training 
Duration: 40-45min/d, 2-3d/wk for 6wk 
 

¶ Wolf Motor Function Test (-) 
¶ Fugl Meyer Assessment (-) 

http://www.ebrsr.com/
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TPS=Chronic 

Boyd et al. (2010) 
RCT (5) 
Nstart=18 
Nend=18 
TPS=Chronic 

E: Task-specific training  
C: General arm training 
Duration: 3 sessions 

¶ Change in reaction and movement time 
(+exp) 

Thielman et al. (2004) 
RCT (4) 
Nstart=12 
Nend=12 
TPS=Chronic 

E: Progressive resistive exercises  
C: Task-related training  
Duration: 35min/d, 3d/wk for 4wk 

¶ Modified Ashworth Scale (-) 
¶ Rivermead Motor Assessment (-) 

Intensity of task-specific training 

Waddell et al. 2017 
RCT (5) 
NStart=85 
NEnd=78 
TPS=Chronic 

E1: 13.6 hours of task-specific training (100 
repetitions/session) 
E2: 20 hours of task-specific training (200 
repetitions/session) 
E3: 26.3 hours of task-specific training dose 
group (300 repetitions/session) 
Duration: 25-50min/d, 4d/wk for 8wk 

¶ Action Research Arm Test (-) 

Lang et al. (2016) 
RCT (5) 
NStart=85 
NEnd=82 
TPS=Chronic 

E1: 3200 repetitions of task-specific upper limb 
training 
E2: 6400 repetitions of task-specific upper limb 
training 
E3: 9600 repetitions of task-specific upper limb 
training 
C: Individualized maximum repetitions 
Duration: 1h/d, 4d/wk for 8wk   

¶ Action Research Arm Test (-) 
¶ Stroke Impact Scale (-) 
¶ Canadian Occupational Performance 

Measure (-) 
 

Robotic training with task-specific training 

Hung et al. (2016) 
RCT (8) 
NStart=21 
NEnd=21 
TPS=Chronic 
 

E: Robotic training + task-specific training 
C: Robotic training + impairment-oriented 
training 
Duration: 20min/d, 3d/wk for 6wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Stroke Impairment Scale (+exp) 

EMG-triggered NMES with task-specific training 

Kim et al. (2016) 
RCT (6) 
NStart=20 
NEnd=20 
TPS=Chronic 

E: EMG-triggered NMES with task-oriented 
training on paretic arm 
C: EMG-triggered NMES 
Duration: 30min/d, 5d/wk for 4wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Box and Block Test (+exp) 
¶ Jebsen-Taylor Hand Function Test (+exp) 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  
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Conclusions about task-specific training 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 
 

Task-specific training may produce greater 
improvements in motor function than conventional 
therapy. 

11 
 

Skubik-Peplaski et al. 2017; 
Brkic et al. 2016; Winstein 
et al. 2016; Kim et al. 2015; 
Zondervan et al. 2014; 
Shimodozono et al. 2013; 
Thielman et al. 2013; Arya 
et al. 2012; Thielman et al. 
2012; Boyd et al. 2010; 
Thielman et al. 2004 

2 
 

Higher intensity task-specific training may not have 
a difference in efficacy when compared to lower 
intensity task-specific training for improving motor 
function. 

2 
 

Waddell et al. 2017; 
Lang et al. 2016 

1b 
Robotic training with task-specific training may 
produce greater improvements in motor function than 
robotic training with impairment-oriented training. 

1 
 

Hung et al. 2016 

1b 
EMG-triggered NMES with task-specific training 
may produce greater improvements in motor function 
than EMG-triggered NMES alone. 

1 
 

Kim et al. 2016 

 

DEXTERITY 
LoE Conclusion Statement RCTs References 

1b 
EMG-triggered NMES with task-specific training 
may produce greater improvements in dexterity than 
EMG-triggered NMES alone. 

1 
 

Kim et al. 2016 

 

SPASTICITY 
LoE Conclusion Statement RCTs References 

1a 
Task-specific training may produce greater 
improvements in spasticity than conventional 
therapy. 

2 
 

Zondervan et al. 
2014; Thielman et al. 
2004 

 

RANGE OF MOTION 
LoE Conclusion Statement RCTs References 

1b 
Task-specific training may produce greater 
improvements in range of motion than conventional 
therapy. 

1 
 

Kim et al. 2016 

 

STROKE SEVERITY 
LoE Conclusion Statement RCTs References 

1b 
Task-specific training may not have a difference in 
efficacy when compared to conventional therapy for 
improvements on measures of stroke severity. 

1 
 

Hubbard et al. 2015 
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ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1a 

Task-specific training may not have a difference in 
efficacy when compared to conventional therapy for 
improving performance of activities of daily living. 

5 
 

Skubik-Peplaski et 
al. 2017; Winstein et 
al. 2016; Hubbard et 
al. 2015; Zondervan 
et al. 2014; Thielman 
et al. 2013 

2 
Task-specific training may produce greater 
improvements in performance of activities of daily 
living than strength training. 

1 
 

Agni and Kulkarni, 
2017 

2 

Higher intensity task-specific training may not have 
a difference in efficacy when compared to lower 
intensity task-specific training for improving 
performance of activities of daily living. 

1 
 

Lang et al. 2016 

1b 

Robotic training with task-specific training may 
produce greater improvements in performance of 
activities of daily living than robotic training with 
impairment-oriented training. 

1 
 

Hung et al. 2016 

 

MUSCLE STRENGTH 
LoE Conclusion Statement RCTs References 

1b 
Task-specific training may produce greater 
improvements in muscle strength than conventional 
therapy. 

2 
 

Brkic et al. 2016; 
Shimodozono et al. 
2013 

 

Key points 

 

 

 

 

 

 

 

 

Task-specific training, alone or in combination with other therapy approaches, may be 
beneficial for some aspects of upper limb function following stroke. 

 
Higher and lower intensity task-specific training may have similar effects on upper limb 

function.  
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Constraint-Induced Movement Therapy (CIMT) 

 

 
Adopted from: https://neenahsatellite.com/15429/student-life/creative-writing/magazines/effectiveness-of-cimt/ 

Roughly 80% of all stroke survivors are left with motor impairments of the upper limb which 

affects their ability to perform activities of daily living (ADLs) (Kwakkel et al. 2016; Langhorne et 

al. 2009). Constraint-Induced Movement Therapy (CIMT) is a neurorehabilitation technique 

originally designed in the 1970s for the purpose of improving upper extremity function post-

stroke (Christie et al. 2019; Morris et al. 2006). Traditional CIMT involves three key components: 

1) immobilization of the non-paretic hand/arm using a mitt for 90% of waking hours, 2) high 

intensity task-oriented training with the paretic hand/arm, and 3) behavioural strategies to 

encourage use of the paretic upper limb after the patient leaves therapy, also known as a 

transfer package (Etoom et al. 2016).  

CIMT is designed to overcome the tendency among hemiparetic patients to avoid the use of 

their paretic limb, a process termed ñlearned non-useò. By constraining the non-paretic upper 

limb, the patient is forced to activate the muscles and neural pathways of their paretic limb, 

promoting neuroplasticity and use-dependent cortical reorganization (Taub et al. 1999). This 

form of treatment has shown promise, especially among stroke survivors with moderate upper 

limb disability. Modified versions of CIMT (mCIMT) have since been developed with varied 

dosage, timing, and composition of therapy but generally include less intense training of the 

paretic limb over a longer period of time (Kwakkel et al. 2016). CIMT is often compared to 

ñforced useò, or constraint only treatments, which are conceptually simpler versions of CIMT that 

do not apply operant training techniques. 

Here we provide a review of 54 published RCTs related to CIMT for upper extremity motor 
rehabilitation. In order to better contextualize this body of evidence, studies were separated and 
classified according to the type of treatment (CIMT or mCIMT) as well as the time poststroke 
(acute/subacute phase (<6 months) or chronic stage (>6 months)), leading to 4 groups of RCTs. 
The authors' own declaration of the type of therapy (i.e. mCIMT or CIMT) was used for 
classification purposes.  
 
The first two tables (Table 5, Table 6) list the summary of 12 RCTs examining CIMT in the 
acute/subacute phase (Seok et al. 2016; Shah et al. 2016; Song et al. 2016; Batool et al. 2015; 
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Thrane et al. 2015; Yoon et al. 2014; Dromerick et al. 2009; Boake et al. 2007; Ro et al. 2006; 
Page et al. 2005; Plougman and Corbett 2004; Dromerick et al. 2000) and 22 RCTs evaluating 
CIMT in the chronic phase (Souza et al. 2015; Nadeau et al. 2014; Takebayshi et al. 2013; 
Huseyinsinoglu et al. 2012; Khan et al. 2011; Wu et al. 2011; Lin et al. 2010; Wolf et al. 2010; 
Lin et al. 2009; Dahl et al. 2008; Lin et al. 2008; Sawaki et al. 2008; Wolf et al. 2008; Lin et al. 
2007; Wu et al. 2007; Brogardh and Bengt, 2006; Richards et al. 2006; Underwood et al. 2006; 
Wolf et al. 2006; Alberts et al. 2004; Suputtitada et al. 2004; Wittenberg et al. 2003) poststroke. 
 
The last two tables (Table 7, Table 8) list the summary of 7 RCTs examining mCIMT in the 
acute/subacute phase (Kwakkel et al. 2016; Liu et al. 2016; El-Helow et al. 2014; Treger et al. 
2012; Brogardh et al. 2009; Hammer and Lindmark, 2009; Myint et al. 2007) 
 and 13 RCTs in the chronic phase (Doussoulin et al. 2017; Hsieh et al. 2016; Yadav et al. 
2016; Barzel et al. 2015; Smania et al. 2012; Wang et al. 2011; Hayner et al. 2010; Page et al. 
2008; Lin et al. 2007; Wu et al. 2007b; Wu et al. 2007c; Page et al. 2004; Page et al. 2002). 
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Table 5. Summary of RCTs Evaluating CIMT in the acute/subacute (<6months) phase for 
upper extremity motor rehabilitation 

Authors (Year) 
Study Design (PEDro 

Score) 
Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per week 

for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Shah et al. (2016a) 
RCT (5) 
NStart=45 
NEnd=40 
TPS=Subacute 

E: CIMT 
C: Motor Relearning Program 
Duration: 80% of working hours 

¶ Motor Activity Log (+exp) 
¶ Nine Hole Peg Test (-) 
¶ Fugl-Meyer Assessment (-) 

Song et al. (2016a) 
RCT (5) 
NStart=30 
NEnd=30 
TPS=Acute 

E: Scalp cluster acupuncture and Constraint 
Induced Movement Therapy 
C: Body acupuncture and traditional rehabilitation 
therapy 
Duration: 5-6h, 6d/wk for 2wk 

¶ Fugl-Meyer Assessment (-) 

Batool et al. (2015) 
RCT (5) 
NStart=42 
NEnd=42 
TPS=Subacute 

E: CIMT 
C: Motor Relearning Programme 
Duration: 2h, 6d/wk for 3wk 

¶ Modified Ashworth Scale (+exp) 
¶ Functional Independence Measure (+exp) 

Thrane et al. (2015) 
RCT (7) 
NStart=47 
NEnd=47 
TPS=Acute 

E: CIMT 
C: Usual Care 
Duration: 3h, 1/d for 10d 

¶ Wolf Motor Function Test (-) 
¶ Stroke Impact Scale (-) 
¶ Fugl-Meyer Assessment (-) 
 

Boake et al.  (2007) 
RCT (5) 
Nstart=23 
Nend=16 
TPS=Acute 

E: CIMT  
C: Traditional rehabilitation 
Duration: 3h, 6d/wk for 2wk 
 

¶ Fugl Meyer Motor recovery (-) 
¶ Grooved Pegboard test (-) 
¶ Motor Activity Log: Quality of Movement 

(+exp) 

Ro et al.  (2006) 
RCT (6) 
Nstart=8 
Nend=8 
TPS=Acute 

E: CIMT  
C: Traditional rehabilitation 
Duration: 3h, 6d/wk for 2wk 
 
 

¶ Grooved Pegboard test (+exp) 
¶ Fugl-Meyer Assessment (+exp) 
¶ Motor Activity Log (+exp) 

Page et al. (2005b) 
RCT (5) 
Nstart=10 
Nend=10 
TPS=Subacute 

E: CIMT 
C: Regular rehabilitation 
Duration: 30min, 3d/wk for 10wk 

¶ Action Research Arm Test (-) 
¶ Fugl-Meyer Assessment (-) 
¶ Motor Activity Log (-) 

Ploughman & Corbett (2004) 
RCT (5) 
Nstart=23 
Nend=23 
TPS=Subacute 

E: Forced Use Therapy (Constraint without 
Shaping) 
C: Conventional Therapy 
Duration: 1-6h (incremental increase), 5d/wk for 
2wk 

¶ Chedoke McMaster Impairment Inventory (-) 
¶ Action Research Arm Test (-) 
¶ Functional Independence Measure (-) 

Dromerick et al.  (2000) 
RCT (6) 
Nstart=23 
Nend=20 
TPS=Acute 

E: CIMT  
C: Traditional upper extremity therapy 
Duration: 2h, 5d/wk for 2wk 
 

¶ Action Research Arm Test (+exp) 
¶ Functional Independence Measure (-) 
¶ Barthel Index (-) 

High Intensity CIMT compared to CIMT  

VECTORS (Study Acronym) 
Dromerick et al. (2009) 
RCT (6) 
Nstart=52 
Nend=52 

E1: High-intensity CIMT 
E2: Standard CIMT 
C: ADL and UE bilateral training Exercises 
Duration: 2-3h, 5d/wk for 2wk 

  E2/C vs E1 

¶ Action Research Arm Test: (+exp2, +con) 

¶ Functional Independence Measure (-) 

¶ Stroke Impact Scale (-) 

http://www.ebrsr.com/
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TPS=Subacute 

CIMT combined with another intervention 

Seok et al. (2016)   
RCT (5) 
NStart=32 
NEnd=30 
TPS=Subacute 

E1: CIMT with Visual Biofeedback 
E2: Visual Biofeedback 
C: Conventional Occupational Therapy 
Duration: 1h, 5d/wk for 2wk 

E1 vs C 
¶ Grasp Strength (+exp) 
¶ Pinch Strength (+exp) 
¶ Wolf Motor Function Test (+exp) 
¶ Fugl-Meyer Assessment (+exp) 

 
E2 vs C 

¶ Grasp Strength (-) 
¶ Pinch Strength (-) 
¶ Wolf Motor Function Test (+exp2) 
¶ Fugl-Meyer Assessment (+exp2) 

Yoon et al. (2014) 
RCT (7) 
NStart=26 
NEnd=26 
TPS=Subacute 

E1: CIMT combined with mirror therapy 
E2: CIMT  
C: Conventional therapy  
Duration: 6h, 5d/wk for 2wk 

    E1 v E2 
¶ Box and block test (+exp) 
¶ Nine-hole pegboard test (+exp) 
¶ Grip strength (+exp) 
¶ Brunnstrom Recovery Stages (-) 
¶ Wolf motor function test (-) 
¶ Fugl-Meyer Assessment (-) 
¶ Korean Modified Barthel Index (-) 

 
    E1 v C 
¶ Box and block test (+exp) 
¶ Nine-hole pegboard test (+exp) 
¶ Grip strength (+exp) 
¶ Brunnstrom Recovery Stages (-) 
¶ Wolf motor function test (+exp) 
¶ Fugl-Meyer Assessment (-) 
¶ Korean Modified Barthel Index (+exp) 

 
     E2 vs C 
¶ Box and block test (+exp2) 
¶ Nine-hole pegboard test (-) 
¶ Grip strength (+exp2) 
¶ Brunnstrom Recovery Stages (-) 
¶ Wolf motor function test (+exp2) 
¶ Fugl-Meyer Assessment (-) 
¶ Korean Modified Barthel Index (+exp2) 

 
Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  
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Table 6. Summary of RCTs evaluating CIMT in the chronic (>6months) phase poststroke 
for upper extremity motor rehabilitation 

Authors (Year) 
Study Design (PEDro 

Score) 
Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency 
per week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Huseyinsinoglu et al. (2012) 
RCT (6) 
Nstart=24 
Nend=21 
TPS=Chronic 

E: CIMT  
C: Bobath  
Duration: 3h/d for 10d 
 

¶ Motor Activity Log (+exp) 
¶ Wolf Motor Function Test (-) 
¶ Functional Independence Measure (-) 

Khan et al. (2011) 
RCT (6) 
Nstart=44 
Nend=39 
TPS=Chronic 

E1: CIMT 
E2: Therapeutic Climbing 
C: Conventional Neurological Therapy 
Duration: 15-20h/wk for 4wk 

E1 vs E2 
¶ Wolf Motor Function Test (+exp) 
¶ Motor Activity Log (-) 
¶ Isometric Strength (-) 
¶ Active Range of Motion (-) 

 
E1 vs C 

¶ Wolf Motor Function Test (-) 
¶ Motor Activity Log (-) 
¶ Isometric Strength (-) 
¶ Active Range of Motion (-) 
 

 

Wu et al. (2011) 
RCT (5) 
Nstart=66 
Nend=65 
TPS=Chronic 

E1: Distributed CIMT 
E2: Bilateral Arm Training 
C: Routine Therapy 
Duration: 2h, 5d/wk for 3wk 

E1/E2 vs C  
¶ Unilateral and Bilateral Smoothness while 

Reaching: (+exp, +exp2) 
E1 vs E2/C 

¶ Motor Activity Log: (+exp) 
E1 vs E2/C 

¶ Wolf Motor Function Test: (+exp) 

Lin et al. (2010) 
RCT (5) 
Nstart=13 
Nend=13 
TPS=Chronic 

E: Distributed CIMT 
C: Routine Therapy 
Duration: 2h, 5d/wk for 3wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Motor Activity Log (+exp) 

Lin et al. (2009a) 
RCT (5) 
Nstart=32 
Nend=32 
TPS=Chronic 

E: CIMT  
C: Dose Matched Control Intervention 
Duration: 2h, 5d/wk for 3wk 

¶ Fugl-Meyer Assessment (+exp)  
¶ Stroke Impact Scale (+exp) 
¶ Nottingham Extended Activities of Daily 

Living (+exp) 
¶ Motor Activity Log (+exp) 

Dahl et al. (2008) 
RCT (8) 
Nstart=30 
Nend=30 
TPS=Chronic 

E: CIMT  
C: Community-based rehabilitation 
Duration: 6h, 5d/wk for 2wk 
 

¶ Wolf Motor Function Test: post (+exp), 
6mo (-) 

¶ Motor Activity Log (-) 
¶ Functional Independence Measure (-) 
¶ Stroke Impact Scale (-) 

Lin et al. (2008)  
RCT (5) 
Nstart=22 
Nend=22 
TPS=Chronic 

E: CIMT 
C: Traditional Intervention 
Duration: 2h, 5d/wk for 3wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Functional Independence Measure (+exp) 
¶ Motor Activity Log (-) 
¶ Nottingham Extended Activities of Daily 

Living Scale (-), mobility subsection (+exp) 

Lin et al. (2007) 
RCT (5) 
Nstart=35 
Nend=32 
TPS=Chronic 

E: CIMT  
C: Traditional therapy 
(neurodevelopmental) 
Duration: 2h, 5d/wk for 3wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Functional Independence Measure (+exp) 
¶ Motor Activity Log (-) 

Wu et al. (2007a) 
RCT (6) 

E: CIMT 
C: Regular interdisciplinary rehab 

¶ Motor Activity Log (+exp) 
¶ Fugl-Meyer Assessment (-) 
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Nstart=47 
Nend=47 
TPS=Chronic 

Duration: 2h, 5d/wk for 3wk  

Underwood et al.  (2006) 
RCT (8) 
Nstart=41 
Nend=32 
TPS=Chronic 

E: CIMT + shaping procedure  
C: Usual care 
Duration: 6h, 5d/wk for 2wk 
 

¶ Fugl-Meyer Assessment (-) 
¶ Wolf Motor Function Test (-) 

Wolf et al. (2006) 
RCT (8) 
EXCITE 
Nstart=222 
Nend=201 
TPS=Chronic 

E: CIMT + shaping procedure  
C: Usual care 
Duration: 6h, 5d/wk for 2wk 
 
 

¶ Wolf Motor Function Test (+exp) 
¶ Motor Activity Log (+exp) 

 

Alberts et al. (2004) 
RCT (6) 
Nstart=10 
Nend=10 
TPS=Subacute 

E: CIMT  
C: Conventional rehabilitation 
Duration: 6h, 5d/wk for 2wk 
 

¶ Maximum precision grip (+exp) 
¶ Wolf Motor Function Test (+exp) 
 

Suputtitada et al. (2004)  
RCT (6) 
Nstart=69 
Nend=69 
TPS=Chronic 

E: CIMT  
C: Bimanual-upper-extremity training 
based on NDT approach  
Duration: 6h, 5d/wk for 2wk 
 

¶ Action Research Arm Test (+exp) 
¶ Pinch test (+exp) 

High compared to low intensity CIMT 

Souza et al. (2015) 
RCT (5) 
Nstart=24 
Nend=19 
TPS=Chronic 

E1: CIMT high intensity (3h) 
E2: CIMT low intensity (1h) 
Duration: 1/3h, 3-4d/wk for 4wk 

¶ Fugl-Meyer Assessment (-) 
¶ Motor Activity Log (-) 

Brogårdh & Bengt 
(2006) 
RCT (7) 
Nstart=16 
Nend=16 
TPS=Chronic 

E: CIMT and using mitt at home for 
another 3 months every other day 
C: CIMT 
Duration: 6h, 5d/wk for 2wk 

¶ Modified Motor Assessment Scale (-) 
¶ Sollerman Hand Function Test (-) 
¶ Motor Activity Log (-) 

Wittenberg et al. (2003) 
RCT (5) 
Nstart=16 
Nend=16 
TPS=Chronic 

E: Intense CIMT (6h) 
C: Less intense CIMT (3h) 
Duration: 3/6h/d for 10d  

¶ Motor Activity Log (+exp) 
¶ Wolf Motor Function Test (-) 
¶ Assessment of Motor and Process Skills (-

) 

High intensity CIMT compared to low intensity CIMT combined with cyloserine (antibiotic) 

Nadeau et al. (2014) 
RCT (7) 
NStart=24 
NEnd=22 
TPS=Chronic 

E1: CIMT-6hr + cycloserine  
C1: CIMT-6hr + placebo  
E2: CIMT-2hr + cycloserine  
C2: CIMT-2hr + placebo 
Duration: 2/6h, 3-5d/wk for 10wk 

¶ Fugl-Meyer Assessment (-) 
¶ Wolf Motor Function Test (-) 
¶ Motor Activity Log (-) 

Early compared to delayed CIMT 

Wolf et al. (2010) 
RCT (8) 
Nstart=226 
Nend=192 
TPS=Chronic 

E1: CIMT early (3-9 monthsô post stroke) 
E2: CIMT delayed (15 to 21 months post 
stroke) 
Duration: 90% of waking time for 2wk 

¶ Wolf Motor Function Test (+exp) 
¶ Motor Activity Log (+exp) 
¶ Stroke Impact Scale (+exp) 

Sawaki et al. (2008) 
RCT (8) 
Nstart=30 
Nend=30 
TPS=Chronic 

E: Early CIMT 
C: Delayed CIMT (4mo after 
randomization) 
Duration: 90% of d for 2wk 
 

¶ Grip strength (+exp) 
¶ Wolf Motor Function Test (-) 

Wolf et al. (2008) E1: CIMT early (3-9 monthsô post stroke) ¶ Wolf Motor Function Test (+exp) 
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RCT (8) 
Nstart=98 
Nend=70 
TPS=Chronic 

E2: CIMT delayed (15 to 21 months post 
stroke) 
Duration: 90% of waking time for 2wk 
 

¶ Motor Activity Log (+exp) 
¶ Functional Independence Measure (+exp) 
¶ Stroke Impact Scale (+exp) 

CIMT with transfer package 

Takebayashi et al. (2013) 
RCT (5) 
NStart=23 
NEnd=21 
TPS=Chronic 

E: CIMT + transfer package (train 
affected arm) 
C: CIMT 
Duration: 4.5h spread over 2wk 

¶ Fugl-Meyer Assessment (-) 
¶ Motor Activity Log (+exp) 

Taub et al. (2013) 

RCT (5) 

NStart=45 

NEnd=40 

TPS=Chronic 

E1: Shaping training + CIMT transfer 

package (TP)  

E2: Repetitive task practice + TP  

E3: Repetitive task practice  

C: Shaping training 

E1/E2 vs. E3/C 
¶ Motor Activity Log (+exp, +exp2) 

E1/E2 vs. E3/C 
¶ Wolf Motor Function Test (+exp, +exp2) 

CIMT combined with rTMS or donepezil (cholinesterase inhibitor) 

Richards et al. (2006) 
Secondary analyses of two 
parallel RCTs (7) 
Nstart=39 
Nend=35 
TPS=Chronic 

E1: Traditional CIMT (6h) + donepezil  
C1: Traditional CIMT (6h) + placebo 
E2: Shortened CIMT (1h) + repetitive 
transcranial magnetic stimulation (rTMS) 
C2: Shortened CIMT (1h) + sham rTMS  
Duration:1/6h, 5d/wk for 2wk 

E1 vs C1 
¶ Motor Activity Log (+exp) 
¶ Wolf Motor Function Test: (-) 

E2 vs C2 
¶ Motor Activity Log (-) 
¶ Wolf Motor Function Test: (-) 
 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  
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Table 7. Summary of RCTs Evaluating Modified CIMT in the acute/Subacute (<6 months) 
phase for upper extremity motor rehabilitation 

Authors (Year) 
Study Design (PEDro Score) 

Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Kwakkel et al. (2016) 

RCT (7) 

NStart=159 

NEnd=159 

TPS=Subacute 

 

E1: Electromyographic Neuromuscular 

Stimulation on finger extensors 

E2: Modified Constraint Induced Movement 

Therapy 

C1: Unfavourable prognosis based on voluntary 

finger extension. Received usual care. 

C2: Favourable prognosis based on voluntary 
finger extension. Received usual care. 
Duration: 3h, 5d/wk for 3wk 

E2 vs C2; E1 vs C1  
¶ Action Research Arm Test: (+exp2) 
¶ Fugl-Meyer Assessment: (-) 
¶ Wolf Motor Function Test (-) 
¶ Motricity Index (-) 
¶ Erasmus Modified Nottingham 

Sensory Assessment (-) 
¶ Nine-Hole Peg Test (-) 
¶ Frenchay Arm Test (-) 
¶ Motor Activity Log (-) 
¶ Stroke Impact Scale-Hand (+exp2)  

Liu et al. (2016) 

RCT (6) 

NStart=90 

NEnd=86 

TPS=Subacute 

 

E1: Modified Constraint Induced Movement 

Therapy 

E2: Self-Regulated Modified Constraint Induced 

Movement Therapy 

C: Conventional Therapy 
Duration: 1h, 5d/wk for 2wk 

E1 vs C 
¶ Action Research Arm Test (+exp) 
¶ Fugl-Meyer Assessment (+exp) 
¶ Lawton Instrumental Activities of Daily 

Living (+exp) 
¶ Motor Activity Log (+exp) 

 
E2 vs C 

¶ Action Research Arm Test (+exp2) 
¶ Fugl-Meyer Assessment (+exp2) 
¶ Lawton Instrumental Activities of Daily 

Living (-) 
¶ Motor Activity Log (+exp2) 
 

E1 vs E2 
¶ Action Research Arm Test (-) 
¶ Fugl-Meyer Assessment (+exp2) 
¶ Lawton Instrumental Activities of Daily 

Living (+exp2) 
¶ Motor Activity Log (+exp2) 
 

 

El-Helow et al. (2014) 

RCT (6) 

Nstart=60 

Nend=60 

TPS=Acute 

 

E: Modified Constraint Induced Movement 

Therapy 

C: Conventional Rehabilitation 
Duration: 6h/d for 2wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Action Research Arm Test (+exp) 

Treger et al.  (2012) 

RCT (7) 

Nstart=28 

Nend=28 

TPS=Subacute 

 

E: mCIMT  

C: Traditional rehabilitation 
Duration: 4h, 2d/wk for 2wk 

¶ Functional Independence Measure (-) 
¶ Manual Function Test (-) 
 

Brogårdh et al. (2009) 

RCT (5) 

Nstart=24 

Nend=24 

TPS=Subacute 

 

E: Shortened CIMT (mitt use) 

C: No mitt use 
Duration: 90% of waking time for 12d 

¶ Motor Assessment Scale (-) 
¶ Sollerman Hand Function Tst (-) 
¶ 2-Point Discrimination Test (-) 
¶ Motor Activity Log Test (-) 

http://www.ebrsr.com/
http://journals.sagepub.com/doi/abs/10.1177/1545968315624784
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+randomized+controlled+trial+of+self%E2%80%90regulated+modified+constraint%E2%80%90induced+movement+therapy+in+sub%E2%80%90acute+stroke+patients
http://europepmc.org/abstract/med/25030204
http://www.ncbi.nlm.nih.gov/pubmed/22750958
http://www.ncbi.nlm.nih.gov/pubmed/19247541
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Hammer & Lindmark (2009)  

RCT (6) 

NStart=30 

NEnd=26 

TPS=Subacute 

E: Restraining sling and Standard 

Rehabilitation 

C: Standard Rehabilitation 
Duration: 6h, 5d/wk for 2wk 

¶ Fugl-Meyer Assessment (-) 
¶ Action Research Arm Test (-) 
¶ Motor Assessment Scale (-) 
¶ 16-Hole Peg Test (-) 
¶ Grip strength ratio (-) 
¶ Modified Ashworth Scale (-) 

Myint et al. (2007) 

RCT (7) 

Nstart=43 

Nend=43 

TPS=Subacute 

E: mCIMT  

C: Traditional rehabilitation 
Duration: 4h/d for 10d 

¶ Action Research Arm Test (+exp) 
¶ Motor Activity Log (+exp) 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ebrsr.com/
http://www.ncbi.nlm.nih.gov/pubmed/19321522
http://www.ncbi.nlm.nih.gov/pubmed/18212033
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Table 8. Summary of RCTs Evaluating Modified CIMT in the Chronic (>6 months) phase for 
upper extremity motor rehabilitation 

Authors (Year) 
Study Design (PEDro Score) 

Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency 
per week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Hsieh et al. (2016) 

RCT (7) 

Nstart=34 

Nend=34 

TPS=Chronic 

E: mCIMT 

C: Regular Therapy 
Duration: 105min, 5d/wk for 4wk 

¶ Wolf Motor Function Test (+exp) 
¶ Nottingham Extended Activities of Daily 

Living (+exp) 
¶ Functional Independence Measure (-) 

Yadav et al. (2016)  

RCT (5) 

Nstart=65 

Nend=60 

TPS=Chronic  

E: mCIMT  

C: Conventional rehabilitation 
Duration: 3h, 3d/wk for 4wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Motor Activity Log (+exp) 
 

Barzel et al. (2015) 

RCT (6) 

Nstart=156 

Nend=156 

TPS=Chronic 

E: Home CIMT 

C: Standard Therapy 
Duration: 5h/wk for 4wk 

¶ Motor Activity Log (+exp) 
¶ Wolf Motor Function Test (-) 
¶ Nine Hole Peg Test (-) 
¶ Stroke Impact Scale (-) 
¶ Barthel Index (-) 
¶ Instrumental Activities of Daily Living (-) 

Smania et al. (2012) 

RCT (8) 

Nstart=66 

Nend=40 

TPS=Chronic 

E: mCIMT  

C: Dose-match task-specific therapy 
Duration: 2h, 5d/wk for 2wk 

¶ Wolf Motor Function Test (+exp) 
¶ Motor Activity Log (+exp) 

Wang et al.  (2011) 

RCT (4) 

Nstart=30 

Nend=30 

TPS=Chronic 

E1: mCIMT  

E2: Intensive conventional therapy  

C: Conventional therapy 
Duration: 3h, 5d/wk for 4wk 

¶ Wolf Motor Function Test (+exp) 

Hayner et al. (2010) 

RCT (4) 

Nstart=12 

Nend=12 

TPS=Chronic 

 

E: mCIMT  

C: Bilateral training 
Duration: 6h/d for 10d 

¶ Wolf Motor Function Test (-) 
¶ COPM (-) 

Page et al. (2008) 

RCT (5) 

Nstart=35 

Nend=35 

TPS=Chronic 

E1: mCIMT + physical and 

occupational therapy  

E2: Traditional rehab  

C: No therapy 
Duration: 5h, 5d/wk for 10wk 

¶ Fugl-Meyer Assessment (-) 
¶ Action Research Arm Test (+exp) 

Lin et al.  (2007) 

RCT (7) 

Nstart=34 

Nend=31 

TPS=Chronic 

E: mCIMT 

C: Traditional rehab 
Duration: 6h, 5d/wk for 3wk 

¶ Motor Activity Log (+exp) 
¶ Functional Independence Measure (+exp) 

Wu et al.  (2007b) 

RCT (5) 

Nstart=26 

Nend=26 

TPS=Chronic 

E: mCIMT + a restraining mitt on the 

unaffected hand  

C: Traditional therapy  
Duration: 2h, 5d/wk for 3wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Functional Independence Measure (+exp) 
¶ Motor Activity Log (+exp) 
¶ Stroke Impact Scale (+exp) 

Wu et al.  (2007c) 

RCT (6) 

Nstart=30 

E: mCIMT 

C: Regular occupational therapy 
Duration: 2h, 5d/wk for 3wk 

¶ Motor Activity Log (+exp) 
¶ Functional Independence Measure (+exp) 

http://www.ebrsr.com/
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-016-0138-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5198445/
http://www.sciencedirect.com/science/article/pii/S1474442215001477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smania+2012+CIMT+stroke
http://www.ncbi.nlm.nih.gov/pubmed/21603848
http://www.ncbi.nlm.nih.gov/pubmed/20825123
http://www.ncbi.nlm.nih.gov/pubmed/18174447
http://www.ncbi.nlm.nih.gov/pubmed/18042603
http://www.ncbi.nlm.nih.gov/pubmed/17321816
http://nnr.sagepub.com/content/21/5/460.full.pdf
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Nend=30 

TPS=Chronic 

Page et al. (2004) 

RCT (6) 

Nstart=17 

Nend=17 

TPS=Chronic 

E: mCIMT 

C1: Traditional Rehabilitation 

C2: No Therapy 
Duration: 5h, 5d/wk for 10wk 

E vs C1: 
¶ Fugl-Meyer Assessment (+exp) 
¶ Action Research Arm Test (-) 

E1 vs C2: 
¶ Fugl-Meyer Assessment (+exp) 
¶ Action Research Arm Test (+exp) 

C1 vs C2: 
¶ Fugl-Meyer Assessment (-) 
¶ Action Research Arm Test (+con1) 
¶  

Page et al. (2002) 

RCT (5) 

Nstart=14 

Nend=14 

TPS=Chronic 

E1: mCIMT + physical and 

occupational therapy  

E2: Traditional rehab  

C: No therapy 
Duration: 30min, 3d/wk for 10wk 

¶ Fugl-Meyer Assessment (+exp) 
¶ Action Research Arm Test (+exp) 

mCIMT in group or individual setting 

Doussoulin et al. (2017) 

RCT (5) 

NStart=36 

NEnd=36 

TPS=Chronic 

 

E1: mCIMT group therapy 

E2: mCIMT individual therapy 
Duration: 3h/d for 10d 

¶ Motor Activity Log (+exp) 
¶ Action Research Arm Test (+exp) 
¶ Functional Independence Measure (+exp) 
 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ebrsr.com/
http://www.ncbi.nlm.nih.gov/pubmed/14970962
http://www.ncbi.nlm.nih.gov/pubmed/12234091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Recovering+functional+independence+after+a+stroke+through+Modified+Constraint-Induced+Therapy


 
 

                                                              
 

www.ebrsr.com     Page 64 

Conclusions about CIMT and mCIMT 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 

CIMT may not have a difference in efficacy when 
compared to conventional therapy or motor 
relearning programmes for improving motor function 
during the acute/subacute phase poststroke. 

8 
 

Shah et al. 2016; Song et 
al. 2016; Thrane et al. 2015; 
Yoon et al. 2014; Dromerick 
et al. 2009; Boake et al. 
2007; Page et al. 2005; 
Plougman and Corbett 
2004; Dromerick et al. 2000 

2 

CIMT combined with visual biofeedback may 
produce greater improvements in motor function than 
conventional therapy on its own during the 
acute/subacute phase poststroke. 

1 
 

Seok et al. 2016 

1b 

CIMT combined with mirror therapy may not have a 
difference in efficacy when compared to CIMT on its 
own for improving motor function during the 
acute/subacute phase poststroke. 

1 
 

Yoon et al. 2014 

1a 

CIMT may produce greater improvements in motor 
function than conventional therapy or 
neurodevelopmental techniques during the chronic 
phase poststroke. 

13 
 

Huseyinsinoglu et al. 2012; 
Khan et al. 2011; Wu et al. 
2011; Lin et al. 2010; Lin et 
al. 2009; Dahl et al. 2008; 
Lin et al. 2008; Lin et al. 
2007; Wu et al. 2007; 
Underwood et al. 2006; 
Wolf et al. 2006; Alberts et 
al. 2004; Suputtitada et al. 
2004 

1b 

High intensity CIMT may not have a difference in 
efficacy when compared to low intensity CIMT on its 
own for improving motor function during the chronic 
phase poststroke. 

3 
 

Souza et al. 2015; 
Brogardh and Bengt, 
2006; Wittenberg et 
al. 2003 

1b 

High intensity CIMT with/without cycloserine may 
not have a difference in efficacy when compared to 
low intensity CIMT with/without cycloserine for 
improving motor function during the chronic phase 
poststroke. 

1 
 

Nadeau et al. 2014 

1a 
Early CIMT may produce greater improvements in 
motor function than delayed CIMT during the chronic 
phase poststroke. 

3 
 

Wolf et al. 2010; 
Sawaki et al. 2008; 
Wolf et al. 2008 

2 

There is conflicting evidence about the of CIMT with 
the transfer package protocol when compared to 
traditional CIMT for improving motor function during 
the chronic phase poststroke. 

2 
 

Takebayashi et al. 
2013; Taub et al. 
2013 

1a 

There is conflicting evidence about the effect of 
mCIMT to improve motor function when compared to 
conventional therapy or bilateral arm training 
during the acute/subacute phase poststroke. 

7 
 

Kwakkel et al. 2016; Liu et 
al. 2016; El-Helow et al. 
2014; Treger et al. 2012; 
Brogardh et al. 2009; 
Hammer and Lindmark, 
2009; Myint et al. 2007 

1a 

mCIMT may produce greater improvements in motor 
function than conventional therapy or bilateral arm 
training during the chronic phase poststroke. 

10 
 

Hsieh et al. 2016; Yadav et 
al. 2016; Barzel et al. 2015; 
Smania et al. 2012; Wang 
et al. 2011; Hayner et al. 
2010; Page et al. 2008; Wu 
et al. 2007b; Page et al. 
2004; Page et al. 2002 

2 
Group based mCIMT may produce greater 
improvements in motor function than one on one 
mCIMT sessions during the chronic phase poststroke. 

1 
 

Doussoulin et al. 
2017 
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DEXTERITY 
LoE Conclusion Statement RCTs References 

1a 
 

There is conflicting evidence about the effect of CIMT 
to improve dexterity when compared to conventional 
therapy or motor relearning programmes during the 
acute/subacute phase poststroke. 

4 
 

Shah et al. 2016; 
Yoon et al. 2014; 
Boake et al. 2007; 
Ro et al. 2006 

1b 
CIMT combined with mirror therapy may produce 
greater improvements in dexterity than CIMT on its 
own during the acute/subacute phase poststroke. 

1 
 

Yoon et al. 2014 

1b 

mCIMT not have a difference in efficacy when 
compared to conventional therapy or bilateral arm 
training for improving dexterity during the 
acute/subacute phase poststroke. 

1 
 

Kwakkel et al. 2016 

1b 

mCIMT not have a difference in efficacy when 
compared to conventional therapy or bilateral arm 
training for improving dexterity during the chronic 
phase poststroke. 

1 
 

Barzel et al. 2015 

 

SPASTICITY 
LoE Conclusion Statement RCTs References 

2 

CIMT may produce greater improvements in spasticity 
than conventional therapy or motor relearning 
programmes during the acute/subacute phase 
poststroke. 

1 
 

Batool et al. 2015 

1b 

mCIMT not have a difference in efficacy when 
compared to conventional therapy or bilateral arm 
training for improving spasticity during the 
acute/subacute phase poststroke. 

1 
 

Hammer and 
Lindmark, 2009 

 

RANGE OF MOTION 
LoE Conclusion Statement RCTs References 

1b 

CIMT not have a difference in efficacy when compared 
to conventional therapy or neurodevelopmental 
techniques for improving range of motion during the 
chronic phase poststroke. 

1 
 

Khan et al. 2011 

 

PROPRIOCEPTION 
LoE Conclusion Statement RCTs References 

1b 

mCIMT not have a difference in efficacy when 
compared to conventional therapy or bilateral arm 
training for improving proprioception during the 
acute/subacute phase poststroke. 

2 
 

Kwakkel et al. 2016; 
Brogardh et al. 2009 
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MUSCLE STRENGTH 
LoE Conclusion Statement RCTs References 

1b 

CIMT may produce greater improvements in muscle 
strength than conventional therapy or motor 
relearning programmes during the acute/subacute 
phase poststroke. 

1 
 

Yoon et al. 2014 

2 

CIMT combined with visual biofeedback may 
produce greater improvements in muscle strength than 
conventional therapy or motor relearning 
programmes during the acute/subacute phase 
poststroke. 

1 
 

Seok et al. 2016 

1b 

CIMT combined with mirror therapy may produce 
greater improvements in muscle strength than CIMT 
on its own during the acute/subacute phase 
poststroke. 

1 
 

Yoon et al. 2014 

1a 

CIMT may produce greater improvements in muscle 
strength than conventional therapy or 
neurodevelopmental techniques during the chronic 
phase poststroke. 

2 
 

Alberts et al. 2004; 
Suputtitada et al. 
2004 

1b 
Early CIMT may produce greater improvements in 
muscle strength than delayed CIMT during the chronic 
phase poststroke. 

1 
 

Sawaki et al. 2008 

1a 

mCIMT not have a difference in efficacy when 
compared to conventional therapy or bilateral arm 
training for improving muscle strength during the 
acute/subacute phase poststroke. 

2 
 

Kwakkel et al. 2016; 
Hammer and 
Lindmark, 2009 

 

ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1a 

There is conflicting evidence about the effect of CIMT 
to improve performance of activities of daily living 
when compared to conventional therapy or motor 
relearning programmes during the acute/subacute 
phase poststroke. 

8 
 

Shah et al. 2016; 
Batool et al. 2015; 
Thrane et al. 2015; 
Yoon et al. 2014; 
Boake et al. 2007; 
Ro et al. 2006; Page 
et al. 2005; 
Dromerick et al. 
2000 

1b 

CIMT combined with mirror therapy may not have a 
difference in efficacy when compared to CIMT on its 
own for improving performance of activities of daily 
living during the acute/subacute phase poststroke. 

1 
 

Yoon et al. 2014 

1a 

CIMT may produce greater improvements in 
performance of activities of daily living than 
conventional therapy or neurodevelopmental 
techniques during the chronic phase poststroke. 

10 
 

Huseyinsinoglu et al. 
2012; Khan et al. 
2011; Wu et al. 
2011; Lin et al. 2010; 
Lin et al. 2009; Dahl 
et al. 2008; Lin et al. 
2008; Lin et al. 2007; 
Wu et al. 2007; Wolf 
et al. 2006 

1b 
High intensity CIMT may not have a difference in 
efficacy when compared to low intensity CIMT on its 

3 
 

Souza et al. 2015; 
Brogardh and Bengt, 
2006; Wittenberg et 
al. 2003 
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own for improving performance of activities of daily 
living during the chronic phase poststroke. 

1b 

High intensity CIMT with/without cycloserine may 
not have a difference in efficacy when compared to 
low intensity CIMT with/without cycloserine for 
improving performance of activities of daily living 
during the chronic phase poststroke. 

1 
 

Nadeau et al. 2014 

1a 
Early CIMT may produce greater improvements in 
performance of activities of daily living than delayed 
CIMT during the chronic phase poststroke. 

2 
 

Wolf et al. 2010; 
Wolf et al. 2008 

2 

CIMT with the transfer package protocol may not 
have a difference in efficacy when compared to 
traditional CIMT for performance of activities of daily 
living during the chronic phase poststroke. 

1 
 

Takebayashi et al. 
2013 

1a 

mCIMT not have a difference in efficacy when 
compared to conventional therapy or bilateral arm 
training for improving performance of activities of daily 
living during the acute/subacute phase poststroke. 

6 
 

Kwakkel et al. 2016; 
Liu et al. 2016; 
Treger et al. 2012; 
Brogardh et al. 2009; 
Hammer and 
Lindmark, 2009; 
Myint et al. 2007 

1a 

mCIMT may produce greater improvements in 
performance of activities of daily living than 
conventional therapy or bilateral arm training 
during the chronic phase poststroke. 

8 
 

Hsieh et al. 2016; 
Yadav et al. 2016; 
Barzel et al. 2015; 
Smania et al. 2012; 
Hayner et al. 2010; 
Lin et al. 2007; Wu 
et al. 2007b; Wu et 
al. 2007c 

2 

Group based mCIMT may produce greater 
improvements in performance of activities of daily 
living than one on one mCIMT sessions during the 
chronic phase poststroke. 

1 
 

Doussoulin et al. 
2017 
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Key points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Constraint-induced movement therapy may be beneficial for upper limb rehabilitation in the 

chronic phase following stroke. 
 

The literature is mixed regarding constraint-induced movement therapy for upper limb 
rehabilitation in the subacute/acute phase following stroke. 

 
 Modified constraint-induced movement therapy may be beneficial for upper limb 

rehabilitation in the chronic phase following stroke. 
 

Modified constraint-induced movement therapy may not be beneficial for upper limb 
rehabilitation in the subacute/acute phase following stroke. 

 
Higher and lower intensity constraint-induced movement therapy may have similar effects 

on upper limb function in the chronic phase following stroke.  
 

The literature is mixed regarding constraint-induced movement therapy in combination with 
other therapy approaches for upper limb rehabilitation following stoke. 
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Trunk restraint 
 

 
Adopted from: https://www.ortopedia-almirall.com/en/producto/cinturon-sujecion-tronco-y-pelvis-cierre-magnetico/  

Reaching movements performed with the affected arm poststroke are often accompanied by 

compensatory trunk or shoulder girdle movements, which overextend the reach of the arm 

(Michaelsen et al. 2001). Restriction of compensatory trunk movements may encourage 

recovery of ñnormalò reaching patterns in the hemiparetic arm when reaching for objects placed 

within armôs length (Michaelsen & Levin, 2004). Eight RCTs (Bang et al. 2015; Lima et al. 2014; 

Wu et al. 2012a; Wu et al. 2012b; Thielman et al. 2010; Woodbury et al. 2009; Michaelsen et al. 

2006; Michaelsen and Levin, 2004) have evaluated the effectiveness of trunk restraint combined 

with other training to improve the movement quality of reaching tasks. Their methodological 

details and results are presented in Table 9. 
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Table 9. RCTs evaluating trunk restraint training for upper extremity motor rehabilitation 
Authors (Year) 

Study Design (PEDro Score) 
Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

mCIMT + trunk restraint training 

Bang et al. (2015) 
RCT (9) 
NStart=18 
NEnd=18 
TPS=Subacute 

E: mCIMT + trunk resistant training 
C: mCIMT 
Duration: 30 min, 5 d/wk, for 4 wk 

¶ Action Research Arm Test (+exp) 
¶ Fugl-Meyer Assessment (+exp) 
¶ Modified Barthel Index (+exp) 
¶ Motor Activity Log (+exp)  
 

Lima et al. (2014) 
RCT (8) 
NStart=22 
NEnd=15 
TPS=Chronic 

E: mCIMT + trunk resistant training  
C: mCIMT 
Duration: Not Reported 

¶ Motor Activity Log (-)  
¶ Bilateral Activity Assessment Scale (-) 
¶ Wolf Motor Function Test (-) 
¶ Global strength (-) 
 

Woodbury et al.  (2009) 
RCT (5) 
Nstart=11 
Nend=11 
TPS=Chronic 
 

E: mCIMT + trunk restraint  
C: mCIMT 
Duration: 6 hr, 5d/wk for 2 wk 

¶ Hand path trajectories (+exp) 
 

Distributed CIT + trunk restraint training 

Wu et al.  (2012a) 
RCT (5) 
Nstart=57 
Nend=57 
TPS=Chronic 
 

E1: Distributed constraint-induced therapy 
(dCIT) + trunk restraint  
E2: dCIT  
C: Usual care (neurodevelopmental treatment 
techniques) 
Duration: 2hr, 5d/wk for 3 wk 

E1/E2 vs. C 
¶ Action Research Arm Test (+exp, exp2) 
¶ Frenchay Activities Index (+exp, exp2)  
¶ Motor Activity Log (+exp, exp2) 
¶ Stroke Impact Scale (+exp, exp2) 

Wu et al. (2012b) 
RCT (5) 
Nstart=45 
Nend=45 
TPS=Chronic 

E1: Distributed constraint-induced therapy 
(dCIT) + trunk restraint  
E2: dCIT 
C: Dose-matched control intervention 
(neurodevelopmental treatment techniques) 
Duration: 2hr, 3d/wk for 3 wk 

E1/E2 vs. C 
¶ Motor Activity Log (+exp, +exp2) 
¶ Fugl-Meyer Assessment (+exp) 

Auditory feedback 

Thielman  (2010) 
RCT (4) 
Nstart=16 
Nend=16 
TPS=Chronic 

E: Auditory feedback about trunk position  
C: Trunk restraint with external device 
Duration: 45 min, 3d/wk for 4 wk 

¶ Reaching Performance Scale Near Target 
(+exp) 

¶ Reaching Performance Scale Far Target  
(-) 

Reach to grasp training with trunk restraint 

Michaelsen el al. (2006)  
RCT (7) 
NStart=30 
NEnd=10 
TPS=Chronic 

E: Object-related reach-to-grasp training + trunk 
restraint  
C: Unrestrained reach-to-grasp training 
Duration: 40 min, 3d/wk for 5 wk 

¶ Upper Extremity Performance Test (+exp) 
¶ Fugl-Meyer Assessment (+exp) 
¶ Box and Block Test (-) 

Michaelsen & Levin  (2004) 
RCT (5) 
Nstart=28 
Nend=28 
TPS=Chronic 

E: Reach-to-grasp training + trunk restraint 
C: Unrestrained reach-to-grasp training 
Duration: 60 sessions over 8 weeks 

¶ Shoulder horizontal adduction (-)  
¶ Shoulder flexion (-) 
¶ Elbow Extension (+exp) 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  
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Conclusions about trunk restraint training 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 
There is conflicting evidence about the effect of trunk 
restraint combined with mCIMT to improve motor 
function when compared to mCIMT. 

3 
 

Bang et al. 2015; 
Lima et al. 2014; 
Woodbury et al. 
2009 

2 
Trunk restraint combined with distributed CIT may 
produce greater improvements in motor function than 
conventional rehabilitation. 

2 
 

Wu et al. 2012a; Wu 
et al. 2012b 

2 

There is conflicting evidence about the effect of 
auditory feedback regarding trunk position to 
improve motor function when compared to trunk 
restraint training. 

1 
 

Thielman 2010 

1b 
Trunk restraint combined with reaching training 
may produce greater improvements in motor function 
than reaching training alone. 

2 
 

Michaelsen & Levin 
2004; Michaelsen et 
al. 2006 

 

DEXTERITY 
LoE Conclusion Statement RCTs References 

1b 
Trunk restraint combined with reaching training 
compared to reaching training alone may not have a 
difference in efficacy for dexterity. 

1 
 

Michaelsen et al. 
2006 

 

ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1a 

There is conflicting evidence about the effect of trunk 
restraint combined with mCIMT to improve 
performance of activities of daily living when compared 
to mCIMT. 

3 
 

Bang et al. 2015; 
Lima et al. 2014; 
Woodbury et al. 
2009 

2 

Trunk restraint combined with distributed CIMT 
may produce greater improvements in performance of 
activities of daily living than conventional 
rehabilitation. 

2 
 

Wu et al. 2012a; Wu 
et al. 2012b 

 

Key points 

 

 

 

 
Trunk restraint with reaching training or distributed constraint induced therapy may improve 

some aspects of upper limb function following stroke, but the effect of combining trunk 
restraint with constraint-induced movement therapy is less clear. 
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Stretching programs 

 
Adopted from: http://advrehabnj.com/2014/10/08/trigger-finger-occupational-therapy/ 

 

Spasticity following stroke relates to hypertonicity or increased active tension of the muscle. 

Contracture may also occur as a result of spasticity and atrophic changes in the mechanical 

properties of muscles. Since surgery is the only treatment option once a contracture has 

developed, prevention is encouraged. Stretching may help to prevent contracture formation and, 

although well-accepted as a treatment strategy, although the evidence base is extremely limited 

for this intervention. 

The methodological details and results of two RCTs evaluating stretching for upper extremity 

motor rehabilitation are presented in Table 10. 
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Table 10. RCTs evaluating stretching interventions for upper extremity motor 
rehabilitation 

Authors (Year) 
Study Design (PEDro Score) 

Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

You et al. (2014) 

RCT (5) 

NStart=45 

NEnd=41 

TPS=Chronic 

E1: Stretching program + joint stabilizing 

exercise (combo) 

E2: Stretching program  

C: Traditional exercise therapy  
Duration: 30min/d, 5d/wk for 8wk 

E1 vs C 
¶ Muscle thickness (+exp)   
¶ Motor assessment scale (+exp) 

E2 vs C 
¶ Muscle thickness (+exp2)   

Motor assessment scale (+exp2) 
E1 vs E2 

¶ Muscle thickness (-) 
¶ Motor assessment scale (-)   

Tseng et al. (2007) 

RCT (7) 

Nstart=59 

Nend=59 

TPS=Chronic 

E1: Nurse assisted range of motion 

exercise program  

E2: Nurse supervised range of motion 

exercise program  

C: Usual care 
Duration: 20-40min/d, 6d/wk for 4wk 

E1/E2 vs C 
¶ Joint angles (+exp, +exp2) 
¶ FIM (+exp, +exp2) 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  

Conclusions about stretching programs 

SPASTICITY 
LoE Conclusion Statement RCTs References 

2 
Stretching programs may produce greater 
improvements in spasticity than conventional 
therapy. 

1 

You et al. 2014 

 

RANGE OF MOTION 
LoE Conclusion Statement RCTs References 

1b 
Stretching programs may produce greater 
improvements in range of motion than conventional 
therapy. 

1 
 

Tseng et al. 2007 

 

ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1b 
Stretching programs may produce greater 
improvements in performance of activities of daily 
living than conventional therapy. 

2 
 

You et al. 2014; 
Tseng et al. 2007 
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www.ebrsr.com     Page 74 

Key points  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Stretching programs may improve some aspects of upper limb function following stroke. 
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Orthotics 

 

 
Adopted from: https://www.amazon.com/Soft-Resting-Hand-Splint-Left/dp/B007G4TVIK 

Upper limb orthotic devices such as splints or kinesthetic tape are generally used to minimize or 

prevent contractures, reduce spasticity and pain, and prevent edema poststroke (Lannin & 

Herbert, 2003). Arm weighted support rehabilitation through orthic devices can facilitate 

recovery of hand movements through performing semiautonomous rehabilitation programs 

(Bartolo et al. 2014). 

14 RCTs were found that used orthotic devices for upper extremity motor rehabilitation (Choi et 

al. 2016a; Choi et al. 2016b; Lannin et al. 2016; Kim et al. 2015; Bartolo et al. 2014; Page et al. 

2013; Barry et al. 2012; Basaran et al. 2012; Jung et al. 2011; Lannin et al. 2007; Lannin et al. 

2003; Langlois et al. 1991; Poole et al. 1990; Rose et al. 1987), the methodological details and 

results of these RCTs are presented in Table 11. 
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Table 11. RCTs evaluating orthotic devices for upper extremity motor rehabilitation 
Authors (Year) 

Study Design (PEDro Score) 
Sample Sizestart 
Sample Sizeend 

Time post stroke category 

Interventions 
Duration: Session length, frequency per 

week for total number of weeks 

Outcome Measures 
Result (direction of effect) 

Choi et al. (2016a) 
RCT (5) 
NStart=30 
NEnd=30 
TPS=Subacute 

E: Hand Splints and a General Rehabilitation 
Program 
C: General Rehabilitation Program 
Duration: 30min/d, 5d/wk for 12wk 

¶ Modified Ashworth Scale (-) 

Choi et al. (2016b) 
RCT (4) 
NStart=52 
NEnd=52 
TPS=Chronic 

E: Dorsal Resting Hand Splint 
C: Volar Resting Hand Splint 
Duration: 30min/d, 5dwk for 8wk 

¶ Modified Ashworth Scale (+exp) 
¶ Active Range of Motion (+exp) 

Lannin et al. (2016) 
RCT (5) 
NStart=9 
NEnd=6 
TPS=Acute 

E: Task-specific training + training with the 
Saebo-Flex device 
C: Task-specific training 
Duration: 45-60min/session, 1-3sessions/d, 5-
7d/wk for 4-12wk 

¶ Motor Assessment Scale (-) 
¶ Box and Block Test (-) 
¶ Grip Strength (-) 

Kim et al. (2015) 
RCT (7) 
NStart=30 
NEnd=30 
TPS=Subacute 

E: Taping 
C: No taping 
Duration: 30min/d, 3d/wk for 28wk 

¶ Manual Function Test (+) 
¶ Modified Motor Assessment Scale (+exp) 

Bartolo et al. (2014) 
RCT (8) 
NStart=28 
NEnd=28 
TPS=Acute 

E: Arm orthosis  
C: Conventional physiotherapy 
Duration: 30min/d, 6d/wk for 2wk 

¶ Arm abduction (+exp)  
¶ Arm adduction (+exp) 
¶ Arm flexion (+exp) 
¶ Arm extension (+exp) 
¶ Normalized jerk (+exp) 
¶ Fugl Meyer Assessment (-) 
¶ Modified Ashworth Scale (-) 

Page et al. (2013) 
RCT (6) 
NStart=16 
NEnd=16 
TPS=Chronic 

E: Myomo brace  
C: Repetitive task practice 
Duration: 30min/d, 3d/wk for 8wk 

¶ Fugl Meyer Assessment (-) 
¶ Canadian Occupational Performance 

Measure (-) 
¶ Stroke Impact Scale (-) 

Barry et al. (2012) 
RCT (7) 
Nstart=22 
Nend=19 
TPS=Subacute 

E: Dynamic hand orthosis  
C: Manual assisted therapy 
Duration: 15min/d, 4d/wk for 6wk 

¶ Grip strength (-) 
¶ Action Research Arm Test (-) 
¶ Box and Block Test (-) 
¶ Stroke Impact Scale (-) 

Basaran et al.(2012) 

RCT (6) 

Nstart=39 

Nend=39 

TPS=Chronic 

E1: Volar splint 

E2: Dorsal splint 

C: No splint 
Duration: up to 10h/d for 5wk 

E1 vs E2 vs C 
¶ Modified Ashworth Scale (-) 
¶ Passive range of motion (-) 

Jung et al.  (2011) 

RCT (4) 

NStart=21 

NEnd=21 

TPS=Chronic 

E: Hand stretching/splint device 

C: No splint 

Duration: 40min/d, 6d/wk for 3wk 

¶ Modified Ashworth Scale (+exp) 

Lannin et al. (2007) 
RCT (7) 
Nstart=63 
Nend=63 
TPS=Acute 

E1: Extension splint  
E2: Neutral splint  
C: No splint 
Duration: 9-12h/d for 4wk 

¶ Wrist contracture (-) 

Lannin et al. (2003) E: Hand splint  ¶ Wrist flexor (-) 

http://www.ebrsr.com/
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RCT (8) 
Nstart=28 
Nfinish=27 
TPS=Subacute 

C: No hand splint 
Duration: up to 12h/d, 5d/wk for 4wk  

¶ Finger flexor (-) 

Langlois et al. (1991) 

RCT (3) 

Nstart=9 

Nend=9 

TPS=Chronic 

E1: Spint 22hr/d  

E2: Splint 12hr/d  

E3: Splint 6hr/d 
Duration: 6, 12, or 22h/d for 4wk 

¶ Spasticity (-) 

Poole et al.  (1990)  
RCT (5) 
Nstart=18 
Nend=18 
TPS=Acute 

E: Splint  
C: No splint  
Duration: 30min/d, 5d/wk for 3wk 

¶ Fugl Meyer Assessment (-) 

Rose et al. (1987) 

RCT (4) 

N=30 

E1: Dorsal orthosis 

E2: Volar orthosis 

C: No orthosis 
Duration: 2h 

     E1/E2 vs C 
¶ Passive range of motion (+exp) 
     E1 vs C 
¶ Spontaneous flexion (+exp)  
     E2 vs C 
¶ Spontaneous flexion (-) 

Abbreviations and table notes: C=control group; D=days; E=experimental group; H=hours; Min=minutes; RCT=randomized controlled trial; TPS=time 

post stroke category (Acute: less than 30 days, Subacute: more than 1 month but less than 6 months, Chronic: over 6 months);  Wk=weeks. 

+exp indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the experimental group 

+exp2 indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the second experimental group 

+con indicates a statistically significant between groups difference at Ŭ=0.05 in favour of the control group 

-  indicates no statistically significant between groups differences at Ŭ=0.05  

 

 

Conclusions about orthotic devices 

MOTOR FUNCTION 
LoE Conclusion Statement RCTs References 

1a 

Orthotic devices may not have a difference in efficacy 
when compared to conventional therapy, repetitive 
task practice, or no orthotic device for improving 
motor function. 

5 
 

Kim et al. 2015; 
Bartolo et al. 2014; 
Page et al. 2013; 
Barry et al. 2012; 
Poole et al. 1990 

 

DEXTERITY 
LoE Conclusion Statement RCTs References 

1b 

Orthotic devices may not have a difference in efficacy 
when compared to conventional therapy, repetitive 
task practice, or no orthotic device for improving 
dexterity. 

2 
 

Lannin et al. 2016; 
Barry et al. 2012 

 

SPASTICITY 
LoE Conclusion Statement RCTs References 

1b 

Orthotic devices may not have a difference in efficacy 
when compared to conventional therapy, repetitive 
task practice, or no orthotic device for improving 
spasticity. 

7 
 

Choi et al. 2016a; 
Choi et al. 2016b; 
Bartolo et al. 2014; 
Basran et al. 2012; 
Jung et al. 2011; 
Lannin et al. 2007; 
Langlois et al. 1991 
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RANGE OF MOTION 
LoE Conclusion Statement RCTs References 

1a 

Orthotic devices may produce greater improvements 
in range of motion than conventional therapy, 
repetitive task practice, or no orthotic device. 

5 
 

Choi et al. 2016b; 
Bartolo et al. 2014; 
Basran et al. 2012; 
Lannin et al. 2003; 
Rose et al. 198 

 

ACTIVITIES OF DAILY LIVING 
LoE Conclusion Statement RCTs References 

1a 

Orthotic devices may not have a difference in efficacy 
when compared to conventional therapy, repetitive 
task practice, or no orthotic device for improving 
performance of activities of daily living. 

4 
 

Lannin et al. 2016; 
Kim et al. 2015; 
Page et al. 2013; 
Barry et al. 2012 

 

MUSCLE STRENGTH 
LoE Conclusion Statement RCTs References 

1b 

Orthotic devices may not have a difference in efficacy 
when compared to conventional therapy, repetitive 
task practice, or no orthotic device for improving 
muscle strength. 

2 
 

Lannin et al. 2016; 
Barry et al. 2012 

 

Key points  

 

 

 

 

 

 

 

 

 

 

 

 
 Orthotics may not be beneficial for upper limb rehabilitation following stroke. 
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Mirror Therapy 
 

 
Adopted from: https://www.saebo.com/shop/saebo-mirror-box/ 

In mirror therapy, a mirror is placed beside the unaffected limb, blocking view of the affected 

limb and creating an illusion of two limbs as if they are both functioning normally. Mirror therapy 

functions through a process known as mirror visual feedback wherein the movement of one limb 

is perceived as movement from the other limb (Deconinck et al. 2015). In the brain, mirror 

therapy is thought to induce neuroplastic changes that promote recovery by increasing 

excitability of the ipsilateral motor cortex which projects to the paretic limb (Deconinck et al. 

2015). Ramachandran et al. (1995) first used this method to understand the effect of vision on 

phantom sensation and pain in arm amputees. This method has since been adapted from its 

original use as a means to enhance upper-limb function following stroke (Sathian et al. 2000).  

A total of 25 RCTs were found that evaluated mirror therapy for upper extremity rehabilitation 

poststroke. Of these 18 RCTs looked at mirror therapy compared to conventional rehabilitation 

or the Bobath concept approach (Radajewska et al. 2017; Colomer et al. 2016; Gurbuz et al. 

2016; Kim et al. 2016; Lim et al. 2016; Pervane Vural et al. 2016; Arya et al. 2015; Cristina et al. 

2015; Park et al. 2015; Invernizzi et al. 2013; Radajewska et al. 2013; Timmerman et al. 2013; 

Wu et al. 2013a; Lee et al. 2012; Michielsen et al. 2011; Dohle et al. 2009; Yavuzer et al. 2008; 

Altschuler et al. 1999). Two RCTs looked at mirror therapy with bilateral arm training (Rodrigues 

et al. 2016; Samuelkamaleshkumar et al. 2014), mirror therapy combined with: transcranial 

direct current stimulation (Cho et al. 2015), functional electrical stimulation (Kim et al. 2015), 

neuromuscular electrical stimulation (Yun et al. 2011), rTMS (Ji et al. 2014), and in a group or 

individual setting (Thieme et al. 2012).  

The methodological details and results of these 25 RCTs are presented in Table 12. 
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