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A B S T R A C T

This is a protocol for a Cochrane Review (Overview). The objectives are as follows:

To carry out a Cochrane Overview, synthesising systematic reviews of interventions to improve upper limb function a-er stroke.
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B A C K G R O U N D

Stroke is the third most common cause of death and the main cause
of acquired adult disability in high-income countries (Warlow 2008).
This aHects from 112 to 223 per 100,000 people in high income
countries, and from 73 to 165 per 100,000 in low income countries
(Feigin 2009). The annual incidence of stroke is 795,000 people in
the USA (Go 2013), more than 150,000 in England (NHS Choices),
and around 15,000 in Scotland (Stroke in Scotland 2010). Motor
impairment, typically aHecting movement of the face, arm, and
leg of one side of the body, aHects about 80% of stroke survivors
(Langhorne 2009). Upper limb (i.e. arm, hand and/or finger) motor
impairments are o-en persistent and disabling (Lai 2002); only 20%
to 56% of all stroke survivors regain useful upper limb function
a-er three months (Nakayama 1994), and, of those with initial
arm impairment, 50% have problems with arm function four years
post stroke (Broeks 1999). Upper limb motor functions are strongly
related to performance in activities of daily living (ADL) (Sveen
1999), particularly in personal activities such as feeding, dressing
and grooming.   One year a-er stroke, arm motor impairment is
associated with a poorer perception of health-related quality of
life (Franceschini 2010), and subjective well-being (Wyller 1997).
Therefore, improving upper limb function is a core element of
rehabilitation a-er stroke in order to maximise patient outcomes
and reduce disability (Langhorne 2003). Therapists have developed
many diverse techniques that aim to rehabilitate arm function
a-er stroke. Evidence about the eHects of individual treatment
techniques/modalities have been synthesized in a large number
of reviews, including at least 11 Cochrane reviews. Most Cochrane
reviews compare an intervention with a placebo intervention,
no intervention or usual care, whereas, in practice, clinicians
need information to judge the relative eHectiveness of diHerent
interventions in order to select the most eHective treatment.
Therefore, this Cochrane overview will draw together information
from systematic reviews of all interventions to improve arm
function a-er stroke, in order to help inform clinicians and policy
makers.

Description of the condition

A stroke causes damage within the brain that can directly aHect
movement and sensation of the arm. Damage to the sensory motor
cortex, sub-cortical areas and/or cerebellum can result in:

• loss of motor control, that causes diHiculties with, or prevents,
the voluntary production of movement, and compromises
dexterity and co-ordination of the fingers, hand and arm;

• sensory and proprioceptive deficits, which reduce awareness of
limb position and movement.

The reduced level of movement predisposes changes in muscle,
connective and neural tissues, resulting in a number of secondary
problems that may include:

• shortening and weakening of muscles (muscle 'contracture');

• compromised motor and sensory nerve function, as unused
neural pathways lose connectivity;

• shoulder subluxation (partial, temporary dislocation of the
shoulder joint), caused by lack of motor control and muscle
weakness in the rotator cuH muscles;

• pain, which is a common complication, o-en secondary to
shoulder subluxation, but also commonly associated with the
musculoskeletal changes caused by immobility.

These impairments make many ADLs diHicult, especially those
activities that depend on co-ordination between both upper limbs
or fine finger movements. With time there is a tendency to use the
unaHected limb predominantly and to disregard the aHected limb,
thereby developing learned non-use. Mood and cognitive ability
can be adversely aHected by stroke, further diminishing functional
abilities, while arm motor impairment itself impacts on well-being.
The ensuing loss of activity tends to reduce participation in society.

Description of the interventions

Professionals responsible for the delivery of upper limb
rehabilitation interventions most commonly include physical
therapists and occupational therapists. However, other
professionals (e.g. nurses, doctors) and non-health professionals
(e.g. exercise professionals, carers, family members) may also
contribute to delivery of interventions (Coupar 2012; Harris 2010a).
Upper limb rehabilitation should start when a person is in an
acute stroke unit or ward setting, and will o-en continue at home
during early supported discharge, or with interventions delivered
in community settings (e.g. out-patient departments, patients'
homes). Generally, the interventions used by rehabilitation
professionals will consider each patient's goals and be selected
a-er an assessment of a patient's upper limb impairments,
together with their eHects on activity and participation (Langhorne
2011). However, upper limb rehabilitation interventions could also
be delivered as part of a group exercise class or circuit-training.
Additional interventions may be selected by patients, for example
commercial gaming devices or use of fitness equipment at home or
in fitness centres.

There is a wide range of interventions that can be delivered in an
attempt to improve the function of the upper limb a-er stroke. Such
interventions may be aimed at particular impairments (e.g. muscle
weakness) or functional abilities (e.g. grasp and release). Clinically,
however, the multifactorial deficits and secondary complications
require a complex intervention that integrates a number of
techniques to address these problems.

Interventions relevant to this Cochrane overview include, but are
not limited to the following.

'Hands-on' therapies

The arm and hand joints may be moved by a therapist, using partial
or full assistance if the patient's active control is inadequate: such
movement may be aimed at maintaining joint and tissue mobility.
Passive or active movements of the wrist and interphalangeal and
metacarpophalangeal joints of the fingers and thumb can be used
in order to stretch the wrist and finger flexor muscles to their
full extent (without pain). Mobilisation of an accessory movement
of a small joint by a therapist may be applied to maintain or
increase movement of these joints, or to treat joint pain. Sensory
and positional awareness may also be stimulated by passive/
active assisted movement, as well as by stroking and tapping.
Mobilisation and tactile stimulation have been used to improve
voluntary movement, although the optimal dose is uncertain
(Hunter 2011).
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There are a number of ways in which movement and
somatosensory awareness can be enhanced and motivation
achieved. Proprioceptive neuromuscular facilitation is a
rehabilitation technique in which the therapist provides assistance
or resistance to specific movement patterns, with verbal
encouragement, to increase range of motion and muscle strength
in the treated limb (Knott 1968; Voss 1967; Voss 1985).
Neurodevelopemental techniques (such as the Bobath approach)
have been thought to reduce abnormal tone by positioning, whilst
handling techniques are used to facilitate normal movement
(Bobath 1990; Davies 1985; Davies 1990). As the understanding
of plasticity (adaptability) of both neural and muscle tissues has
grown, so the emphasis of treatment has moved onto optimising
motor learning and ensuring that balance and muscle strength are
suHicient for eHicient movement practice (Raine 2009).

Exercises and functional movement-based interventions

Exercises can be used for upper limb rehabilitation in a variety of
ways (van der Lee 2001). Muscle strength training is directed at
working a specific muscle, or group of muscles, using voluntary
control. Movement may be assisted or resisted by a therapist
or gym equipment (Harris 2010b). Alternatively, exercises may
be done in classes directed by a therapist, utilise a number of
exercise machines, or involve circuit training. Task-specific training,
also referred to as functional training or ADL training involves
practice of tasks relevant to daily life, including part and whole
task practice (Van Peppen 2004). Repetitive task training involves
the repeated practice of functional tasks (generally whole task
practice). Simultaneous bilateral arm training uses activities in
which both arms perform identical movements at the same time
(McCombe Waller 2008; Stewart 2006).

The 'motor learning', 'motor relearning' or 'movement science'
approach involves functional or task-specific training (Carr 1987;
Carr 1990; Carr 1998), and is o-en supplemented by other
modalities, such as assistive technologies (Timmermans 2009).

In constraint-induced movement therapy (CIMT) or 'forced use
therapy', the non-plegic (unaHected) hand is placed in an arm
sling or, more commonly, a mitt that prevents its use in fine
movement (Page 2001; Page 2002; Taub 1993; Uswatte 2006; Wolf
2006). With the non-plegic hand 'constrained', operant conditioning
(i.e. learning through consequences) is used to increase task
diHiculty by small amounts for the aHected hand so that the
stroke survivor can succeed in using the aHected limb. Progression
is therapeutically directed by using these shaping techniques,
thereby reducing learned non-use. As CIMT uses an arm sling or
mitt, this intervention is sometimes considered to be an 'assistive
technology'. However, the active use of the impaired upper limb
in completing functional tasks makes this a key exercise-based
intervention.

Exercise and functional movement-based interventions can
involve overt as well as covert techniques to promote skill
acquisition (Jeannerod 2005). Covert techniques commonly
involve observational learning and mental practice. Mental
practice, sometimes called mental imagery or motor imagery, is
a training method that does not involve any actual movement.
Mental practice may focus on goal attainment or managing anxiety,
but the type used most o-en in stroke rehabilitation involves
cognitive rehearsal of activities by imagining task performance
(Page 2007). Exercise-based interventions can also use stimulation

of other (non-motor) pathways to promote functional movement
(Johannson 2012). For example, mirror therapy is based on visual
stimulation. In mirror therapy a mirror is placed in the patient's
sagittal plane, thus reflecting the non-plegic side as if it were the
aHected side, so that movements of the non-plegic limb give the
illusion that the aHected limb is moving (Michielsen 2010).

Assistive technologies

A wide number of assistive modalities, or devices, can be used
within upper limb rehabilitation. These include, but are not limited
to, the following.

• Electromyographic biofeedback: information about muscle
activity, detected through surface electrodes placed on the skin,
or needle- or fine-wire electrodes inserted inside the muscle, is
fed back to the patient via electrical activity displayed on a visual
display unit or by an auditory signal (Crow 1989).

• Virtual reality: interactive simulations created with computer
hardware and so-ware provide feedback on movement
execution and/or goal attainment (Laver 2011; Merians 2006).

• Electromechanical and robotic devices: devices that can move
passive limbs, and provide assistance or resistance to movement
of either a single joint or control of inter-segmental co-
ordination (Mehrholz 2012).

• Electrical stimulation: stimulation applied to muscles using
either surface electrodes or percutaneous electrodes (that
pierce the skin). A number of stimulators are available;
these give single-channel or multi-channel stimulation that
can be programmed to an appropriate frequency, bandwidth
and strength, to control the duration of stimulation and
duration of interval between stimulation. Muscles can be
stimulated cyclically, triggered by movement or triggered
electromyographically (by the initiation of muscle activity
within the muscle to be stimulated). Electrical stimulation
applied to the whole hand by way of a glove may provide sensory
stimulation (Pomeroy 2006).

• Transcranial magnetic stimulation (TMS): stimulation of the
brain applied via a wired coil positioned, on the head, over the
sensory motor area (Dayan 2013; Hummel 2005).

• Transcranial direct current stimulation (tDCS): similar to TMS
above, but applied through two surface electrodes placed on the
skull (Dayan 2013; Hummel 2006).

• Orthoses: external devices applied to elbow, wrist or finger joints
to prevent, limit or assist movement (HoHman 2011; Lannin
2007). These may be used alone or with electrical stimulation
in a neuroprosthesis (an orthotic device with pre-positioned
electrodes that assist function) (Hendricks 2001). Shoulder
subluxation has traditionally been treated with supportive
devices (Ada 2009).

Pharmacological interventions

There are a number of systemic drugs (drugs that aHect the
whole body) that are used to reduce spasticity generally, these
include baclofen, diazepam and dantrolene. Botulinum toxin can
be injected to give a focal treatment when spasticity in a specific
muscle or muscle group is the cause of problems (Cousins 2010;
Shaw 2011).
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Surgical intervention

Tendon surgery can be used to relieve shoulder pain and reduce
spasticity in the upper limb a-er stroke (Namdari 2012; Pomerance
1996), but is not part of routine clinical practice in the UK.

Complementary interventions

In acupuncture needles are inserted at meridian points or trigger
points with the objective of improving neurological function a-er
stroke (Wu 2009).

Factors in service delivery

The interventions described above may be used separately, or
may be combined so that the therapy addresses the multifactorial
nature of the deficits following stroke. Upper limb rehabilitation
a-er stroke is likely to be a complex intervention that requires
the co-operation of the patient, carers and rehabilitation team.
Treatment dose in terms of duration of session, and frequency and
duration of treatment, is likely to aHect outcome (Kwakkel 2006).

Therapy is provided to patients during their period of
hospitalisation, during early supported discharge at home or in
out-patient settings. In some countries, patients are admitted to
rehabilitation centres once they are medically stable. Therapy may
be provided individually, or to groups of stroke survivors in classes.

Patients and carers frequently report that they feel that they
would benefit from continued rehabilitation: results of a survey
of UK stroke survivors indicated that over 55% felt they received
insuHicient therapy (Stroke 2012). Similar unmet needs have been
reported for upper limb rehabilitation by Canadian stroke survivors
(Duxbury 2012; Vincent 2007). The eHectiveness of interventions
at diHerent time-points post stroke is, therefore, important, both
during and a-er hospitalisation. There is evidence that a-er
discharge from formal rehabilitation stroke survivors may enrol
in fitness centres (Best 2012), or utilise commercially available
gaming products to continue exercising for therapeutic purposes
(Anderson 2010; Elsworth 2008; Saposnik 2010; Yavuzer 2008).

How the intervention might work

Rehabilitation of the arm following stroke is a complex intervention
that integrates diHerent modalities to address the multifactorial
deficits, with clinicians individualising treatment programs in an
attempt to optimise outcomes for their patients. There is limited
understanding of the precise mechanisms of action for many of the
interventions delivered by clinicians. The ways that interventions
are thought to work can be described using a number of diHerent
frameworks. The International Classification of Functioning,
Disability and Health, known more commonly as the ICF, can
be used to describe whether treatments are aimed at reducing
impairments, increasing activity or increasing participation (ICF
2001). Alternatively, treatments can be described as being
used to prevent or reduce the development of complications
(e.g. the shortening of muscles (contractures)); restore original
status, or to substitute with compensatory mechanisms (altered
neural pathways or movements), or utilise compensatory devices
(e.g. neuroprostheses) (Dobkin 2005).Treatments may also prime
(act to prepare the sensory motor system for practice), or
augment (enhance sensorimotor function during practice), thereby
maximising the benefits derived from task-specific practice
(Pomeroy 2011).

For the purposes of this review we have used a taxonomy of
rehabilitation interventions based on work arising from a major
multi-site stroke rehabilitation study (DeJong 2004). This taxonomy
provides a model that describes the key types of rehabilitation
interventions (see Figure 1), and attempts to encapsulate
the diversity, and complexity, of rehabilitation treatments.
This taxonomy shows that neuromuscular and musculoskeletal
interventions may work by leading to and supporting the practise
of functional activities. Additional interventions using cognitive,
perceptual and sensory attributes can be used to enhance skill
acquisition. Such interventions may be delivered by the therapist
with or without devices (e.g. orthoses) or additional modalities (e.g.
electrical stimulation). These interventions may be delivered in a
number of settings that may impact on the persons available to
provide the intervention, the setting (e.g. hospital or home) of such
work and may influence motivation and integration with ADL.
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Figure 1.   Taxonomy of rehabilitation interventions used within this Overview. Key: CIMT: constraint-induced
movement therapy; NDT: neurodevelopmental treatment; PNF: proprioceptive neuromuscular facilitation; Tx:
treatment
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Figure 1.   (Continued)

 
References relevant to the intervention mechanisms explained in
this section are cited within the Description of the interventions.
The way in which individual treatment components may work are
briefly outlined below:

Musculoskeletal interventions

Joint contractures and reduced range of motion at joints can
result from a number of factors including reduced muscle length,
and increased stiHness of muscle and connective tissue. The
tendency to maintain loss of range may be reduced by moving
the joints through a full range of motion with pressure at the
end of range; stiHness may be reduced by repetitive movements.
Such motion can be delivered by manual therapy or self-stretching.
Mechanical and electromechanical devices may also provide or
assist movement, and electrical stimulation can cause muscle
contractions that may also have the eHect of lengthening the
antagonist of the stimulated muscles and causing joint motion.

Muscle weakness may be reduced through exercises that utilise
muscles, or by stimulating muscles electrically. Muscle can be
strengthened by graduated resistance exercises. When muscles are
unable to move the limb against gravity, manual support from the
therapist or a weight-relieving system (e.g. robot) allows weakened
muscles to produce limb movement. Electrical stimulation can be
used to strengthen muscles when the muscle contraction produced
by the stimulation is of adequate intensity. Some improvements
in muscle strength and endurance may be gained during repetitive
task training.

Neuromuscular interventions

Normal co-ordination can be impeded by stroke. Abnormal
movement synergies may be seen (e.g. wrist flexion with finger
flexion when attempting to grasp), thus some practitioners
consider that movement needs re-education.

Bilateral training is thought to utilise inter-limb coupling so that
the intact brain hemisphere facilitates activation of the damaged
hemisphere.

Repetitve task training may augment the activity of neural
pathways that underlie specific functions and promote acquisition
of the tasks practised.

CIMT is used to overcome the acquired behaviour of non-use
of the aHected arm a-er stroke. It focuses movement practice
on the aHected arm and hand in prolonged periods of intense,
progressively structured activities, where success is rewarded with
enthusiastic praise. Use of the non-aHected arm and hand is
inhibited by use of a constraining device, either a mitt or an arm
sling.

In mirror therapy the same cortical areas of the brain are active
during action - and observation of action - of the reflected image of

unimpaired arm movement: this aHects the excitability of the motor
area of the aHected limb, and limits the development of learned
non-use.

Mental practice has been used to enhance athletic performance,
and thus has potential for benefit in the rehabilitation context.
There is a considerable body of evidence from non-impaired people
that shows that similar areas of the brain are active whether
movement is actual, observed or imagined, with exception of the
areas responsible for the execution of actual movement.

Assistive devices

A wrist orthosis can support the wrist in an extended position; this
may facilitate gripping. A neuroprosthesis comprises an orthosis
together with pre-positioned electrodes that are stimulated to
assist grasp and release.

Assistive modalities

Proprioceptive and other sensory deficits reduce 'normal
feedback'. Biofeedback systems utilise signals produced by muscle
activity to inform the user about the amount and timing of
muscle activity by means of a visual or auditory display, or
both. Electromechanical (robotic) systems use actuators (complex
control mechanisms) to assist and to provide feedback on limb
movement visual display units. Alternatively a game scenario is
used to provide feedback.

Electrical stimulation may be used to re-educate movement when
the stimulator has a number of channels that can be programmed
to stimulate muscles in the desired sequence.

Sensory awareness may be increased with tactile stimulation.
Electrical stimulation at a sensory level can be applied via a glove,
again increasing awareness.

Non-invasive brain stimulation (TMS and tDCS) can be used to
enhance motor skills, although the specific underlying mechanisms
of stimulation-induced eHects remain largely unknown (Dayan
2013).

Virtual reality can oHer the motivation for practising specific actions
at the intensity required to induce cortical reorganisation. Most
systems provide knowledge of the result (i.e. whether the outcome
was successful or not) although there is the potential for knowledge
of performance (i.e. details of the eHectiveness of a movement, for
example through provision of kinematic feedback). Tasks can be
graded by clinicians to provide a progressively challenging practise
that can be performed without direct clinical supervision.

Such technologies may be used individually or integrated with
other therapeutic modalities (Burridge 2010).
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Pharmacological interventions

Systemic anti-spasticity medications, such as baclofen and
diazepam, act on the nervous system to reduce nerve signals to
muscles, thereby reducing spasticity. Dantrolene acts within the
muscle by interfering with calcium release from the sarcoplasmic
reticulum, weakening muscle contractile function and thus acting
as a muscle relaxant. Spasticity can also be treated focally with
injections of botulinum neurotoxin. Within muscles this neurotoxin
inhibits the release of acetyl choline, thereby blocking nerve
impulses, and limiting hyperactivity in the muscles treated.

Complementary medicine

Acupuncture is thought to cause biological responses in a person's
biochemistry or circulation. The sensory neurons may transmit
eHects distal to the needle insertion site, thus aHecting a number of
physiological systems.

Treatment setting

Services can be delivered at diHerent locations that may aHect
treatment through environmental and societal factors. Some stroke
survivors may be motivated by group sessions. In early supported
discharge the rehabilitation team may be able to advise on how
to integrate rehabilitation activities into home-life. Accessibility
to some interventions may be restricted within some treatment
settings, due to resource issues such as equipment availability, or
staH training or skills.

Why it is important to do this overview

Identifying the most eHective upper limb rehabilitation
interventions is a recognised priority for stroke research.
The Chartered Society of Physiotherapy used a modified
Delphi technique that identified the top priority question for
physiotherapy research in the field of neurology as being, “What is
best practice in the rehabilitation of the upper limb in patients with
stroke with respect to timing, content and dosage?” (Rankin 2012).
Furthermore, in our recent James Lind Alliance priority setting
project, which had equitable involvement of stroke survivors,
carers and health professionals, the question, “What are the best
treatments for arm recovery and function” was in the Top 10 agreed
research priorities, out of the 226 unanswered research questions
identified relating to life a-er stroke (Pollock 2012).

Given the importance of upper limb rehabilitation and associated
research, it is not surprising that there is a substantive and growing
number of randomised controlled trials (RCTs) relating to the
eHectiveness of rehabilitation interventions aimed at promoting
upper limb recovery (Langhorne 2009). The evidence of the
eHectiveness of many of these interventions has been synthesised
and summarised within several systematic reviews. The rapidly
growing body of systematic reviews can be overwhelming for
decision makers and health-care practitioners who do not
have time to keep up-to-date with this evidence base (Bastian
2010).  Furthermore, although Cochrane systematic reviews have
synthesized the available RCT evidence, these Cochrane reviews
of upper limb interventions generally explore the eHects of
specific, single, interventions compared to placebo or control
interventions (e.g. French 2006; Laver 2011; Pomeroy 2006; Sirtori
2009).  Arguably, the synthesis of evidence relating to single,
specific upper limb interventions fails to facilitate translation of
evidence into clinical practice or decision making.  A Cochrane

overview of upper limb rehabilitation reviews will synthesize all
high quality evidence about upper limb rehabilitation interventions
into one accessible, comprehensive document, thus supporting
clinicians and policy makers with clinical decision making for stroke
rehabilitation (Becker 2011).

O B J E C T I V E S

To carry out a Cochrane Overview, synthesising systematic reviews
of interventions to improve upper limb function a-er stroke.

M E T H O D S

Criteria for considering reviews for inclusion

We will include all reviews that meet our selection criteria and that
are published in the:

• Cochrane Database of Systematic Reviews (CDSR); or

• Database of Abstracts of Reviews of EHects (DARE).

It has been argued that, as the quality of Cochrane systematic
reviews has consistently been found to be of a better quality
than non-Cochrane reviews (Delaney 2007; Farmer 2012; Jadad
1998; Jørgensen 2008; Moher 2007; Moja 2005; Olsen 2001), the
primary aim of a Cochrane overview should be to summarize
multiple Cochrane intervention reviews (Becker 2011). However, as
it is some time since some Cochrane reviews were updated, we
anticipate that some non-Cochrane reviews may be more current.
We therefore feel it is essential to consider other high-quality
reviews to ensure our overview is as comprehensive and current
as possible. Systematic reviews included in DARE, which comprises
the results of extensive searches carried out by the Centre for
Reviews and Dissemination, at the University of York (DARE), have
been independently assessed by two review authors to confirm
that a number of key quality criteria are met. This application
of quality criteria ensure that systematic reviews in DARE have,
(1) reported inclusion/exclusion criteria, (2) an adequate search
strategy, and (3) synthesized included studies. In addition, to be
included on DARE, a review must be considered to have either
assessed the quality of the included studies or provided suHicient
details about the individual included studies to enable assessment
of quality by a reader.

To be eligible for inclusion reviews must:

• include randomised controlled trials (RCTs). If a review includes
quasi-randomised controlled trials (QRCTs) as well as RCTs,
we will include data from the QRCTs if they have been
pooled with data from the RCTs. However, if it is possible to
extract data pertaining only to the RCTs, we will do this in
preference to including data from QRCTs. In the event that we
include evidence from QRCTs, we will highlight and discuss the
implications of including this evidence. If a review includes other
studies in addition to RCTs (e.g. before-and-a-er studies), we
will include the review, but not include the evidence from these
other study types. We will exclude reviews of other study designs
or of qualitative studies.

• include studies where the participants are adults with a clinical
diagnosis of stroke. We will include reviews that include studies
with other participants in addition to people with stroke (e.g.
adults with other neurological diseases or traumatic brain
injury) when at least 75% of the participants are stroke patients
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or when data on stroke patients have been presented and
analysed as a separate subgroup; we will highlight when data is
from a mixed population.

• investigate an intervention for which the primary aim is to
improve functional recovery, or to reduce impairment - or both
- of the upper limb.

• investigate the eHect of interventions for the upper limb. This
may include comparisons of interventions with control, placebo
and standard care; comparisons of one active treatment versus
another active treatment; and comparisons of diHerent doses,
intensities or timing of delivering the same intervention.

We will include any review for which the primary aim of the
intervention was to improve functional recovery, or reduce
impairment, of the upper limb, regardless of the outcome measures
reported.

The primary and secondary outcomes of interest to this overview
are as follows.

Primary outcome

The primary outcome for the overview will be upper limb function,
including measures that examine active function, dexterity, object
manipulation and reach to grasp, grip, or pinch. For synthesis and
analysis within the overview we will group the measures of upper
limb function according to whether, primarily, they assess function
of the arm (including shoulder, elbow and wrist) or function of the
hand (and fingers). This outcome can be measured by a range of
measures as follows.

Arm function

• Action Medical Arm Test (ARAT) (Lyle 1981).

• Box and Block Test (Desrosiers 1994; Mathiowetz 1985; Platz
2005).

• Wolf Motor Function Test (WMFT) (Wolf 2001).

• Frenchay Arm Test (Heller 1987).

• Upper Extremity Function Test (Carroll 1967).

• Functional Test of the Hemiparetic Upper Extremity (Wilson
1984).

• Upper extremity performance test for the elderly (TEMPA)
(Desrosiers 1993).

• Sodring Motor Evaluation of Stroke Patients - arm section
(Sodring 1995).

• Chedoke Arm and Hand Activity Inventory (Barreca 2005).

• Motor Assessment Scale - hand movement or advanced hand
movement scores (Carr 1985).

Hand function

• ABILHAND (Gustafsson 2004).

• Jebsen Hand Function Test (Jebsen 1969).

• Nine Hole Peg Test (Kellor 1971).

• Purdue Peg Test (Desrosiers 1995).

• Stroke Impact Scale (Duncan 1999).

Secondary outcomes

Secondary outcomes will include measures of motor impairment,
active movement and co-ordination, and performance in extended
ADLs and performance in ADLs.

Motor impairment (including deficits in active movement and
co-ordination)

There are a wide range of methods, measures and tools used to
assess motor impairment. We will include assessments that can be
categorized into the following four motor impairment outcomes,
using one of the measures listed:

• Motor impairment scales:
* Fugl-Meyer Assessment of Sensorimotor Recovery a-er

Stroke (upper limb section) (Fugl-Meyer 1975);

* Motricity Index (Demeurisse 1980);

* Rivermead Motor Assessment (arm section) (Lincoln 1979);

* Motor Club Assessment (Ashburn 1982);

* Motor Status Score (Ferraro 2002).

• Measures of movement and co-ordination:
* Temporal measures:

□ movement time for completion of various tasks;

□ number of movements executed in stated time;

□ movement speed/velocity.

* Spatial outcomes:
□ kinematic measures;

□ spatial accuracy.

• Strength outcomes:
* grip strength;

* WMFT (Wolf 2001);

* Medical Research Council (MRC) scale (MRC 1975);

* dynamometer scores (including Jamar) (Bohannon 1987).

• Muscle tone/spasticity:
* Ashworth Scale (Ashworth 1964), or the Modified Ashworth

Scale (Bohannon 1987);

* Electromyographic (EMG) activity.

Performance in extended activities of daily living (ADL)

We will include measures of performance in extended ADLs
including shopping and household tasks. Common outcome
measures will be assessed though the following tools:

• Nottingham Extended Activities of Daily Living (Nouri 1987);

• Rivermead Extended Activities of Daily Living (Rossier 2001);

• Frenchay Activities Index (Holbrook 1983).

Performance in activities of daily living

We will include measures of performance in ADL including
feeding, dressing, bathing, toileting, simple mobility and transfers.
Common outcome measures will include global measures of ADLs,
such as:

• Barthel ADL Index (Mahoney 1965);

• Rivermead ADL assessment (Whiting 1980);

• Rivermead Motor Ability scale (Collen 1991);

• Rankin Scale (Bonita 1988);

• Functional Independence Measure (FIM) (Keith 1987);

• Katz Index of Activities of Daily Living (Katz 1970);

• Rehabilitation Activities Profile (Van Bennekom 1995).
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We will also document other outcomes reported in included
reviews, including measures of participation, mood, adverse events
and quality of life.

Search methods for identification of reviews

We will search the Cochrane Database of Systematic Reviews
(CDSR) and the Database of Reviews of EHects (DARE) (The Cochrane
Library, latest issue). We will run update searches during the review
process to identify updated and new reviews.

We have developed a sensitive search strategy for The Cochrane
Library with the help of the Cochrane Stroke Group Trials Search Co-
ordinator (Appendix 1).

In an eHort to identify ongoing systematic reviews we will search for
protocols of Cochrane reviews in the CDSR (The Cochrane Library,
latest issue) and PROSPERO, an international prospective register
of systematic reviews (www.crd.york.ac.uk/prospero/).

To ensure that data included in the overview will be as current as
possible, we will contact authors of relevant reviews to ascertain
intended completion dates. We will also contact authors of all
relevant Cochrane reviews, Cochrane protocols and other reviews
in an eHort to identify additional relevant systematic reviews.

We will search for relevant reviews in all languages and arrange
translation when necessary.

Data collection and analysis

Selection of reviews

Two review authors (SF and AP) will independently assess titles
and abstracts of records identified from the electronic searches
and exclude obviously irrelevant reviews. We will obtain the full
text of the remaining reviews, then two review authors will select
systematic reviews that include trials that meet the following
criteria:

• include adults with a clinical diagnosis of stroke;

• investigate any intervention targeted at improving functional
recovery of the upper limb:

• assess outcomes of upper limb motor function, ADLs, motor
impairment, extended ADLs, participation, quality of life or
adverse events.

If there is disagreement between review authors, they will consult
a third review author (FvW) to reach consensus through discussion.

Data extraction and management

Two review authors (SF and AP) will extract data independently.
Any disagreements that arise will be resolved initially by discussion
between the two authors, with assistance from a third author (FvW),
if necessary. We will use a data collection form that has been
specifically designed and piloted by the overview author team.

On this form, we will extract and record key features of each
review including details of the: aims and rationale, types of studies,
participants, interventions, comparisons, outcomes assessed; date
of last search and method of assessing quality of studies.

In the event that we have included more than one review covering
the same studies, we will synthesize their details systematically

within a table. This table will clearly highlight the review question
and comparisons explored, the date of the last search, key aspects
of methodological quality (e.g. types of studies included, risk of
bias assessment), and will list the individual studies included in
each of the reviews, thus enabling identification of trials included in
one review but not another. We will use these details to determine
which of the reviews should contribute data to the results; e.g. if two
reviews of similar methodological quality and with similar trials
address the same question, we would extract data only from the
review with the more up-to-date search strategy that had identified
trials published more recently.

Assessment of methodological quality of included reviews

Quality of reviews included

Two review authors (SF and AP) will independently assess the
methodological quality of the included reviews, basing this
assessment on the AMSTAR measurement tool (Shea 2007; Shea
2009), and considering the following key domains:

• clarity of review objective;

• description of trial eligibility criteria;

• the extent of the searching undertaken;

• transparency of the assessment process;

• assessment of publication bias; and

• assessment of heterogeneity.

The AMSTAR measurement tool has been demonstrated to be
valid and reliable (Shea 2009). However, the questions within the
AMSTAR tool are o-en multifaceted, which complicates the rating
process. Dichotomous questions derived from these multifaceted
questions have previously been used eHectively to assess risk of
bias in review articles (Farmer 2012). We have therefore formulated
simple dichotomous questions for each of the AMSTAR questions/
criteria so that we have an item specific record of the information
from each review that we assess. These questions are outlined
in Table 1. These data will facilitate communication between
raters when determining the AMSTAR item responses ('yes', 'no' or
'unclear') thereby assessing the quality of reviews in relation to the
formulation of objective, completeness of search, independence of
assessment procedures and risk of publication bias. For each of the
questions within our enhanced AMSTAR tool, two review authors
will independently document each answer as 'yes', 'no', or 'unsure',
and provide relevant comments (in a similar format to that used
with the Cochrane 'Risk of bias' tool). If the reviews do not contain
suHicient information, we will contact review authors to request
further information.

Quality of evidence in included reviews

We will not reassess the quality of individual studies included
within reviews, but will report quality of individual studies
according to the review authors' assessment. Two overview
authors (SF and AP) will independently assess the overall quality
of the evidence presented in the included reviews by examining
the methods used for assessing the risk of bias of the individual
included studies. We will document whether the Cochrane reviews
used the Cochrane 'Risk of bias' tool, and the types of bias
assessed. For non-Cochrane systematic reviews, we will summarize
the methods used to assess methodological quality, including
details regarding any tools used and the dimensions assessed, e.g.
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sequence generation, allocation sequence concealment, blinding,
and incomplete outcome data.

We will document the quality of the evidence synthesized within
the reviews using the criteria considered within the GRADE (Grading
of Recommendations Assessment, Development and Evaluation)
approach (Guyatt 2008). For each relevant comparison within an
included review we will consider the following aspects of research
evidence:

• risk of bias due to flawed design or conduct of studies;

• imprecision (e.g. when confidence intervals for treatment eHect
are wide);

• inconsistency (e.g. where point estimates vary widely, I2 is large);

• indirectness (e.g. variations in participants, interventions,
comparisons and outcomes);

• publication bias (may be explored with the use of funnel plots,
and classed as not suspected, suspected, strongly suspected or
very strongly suspected).

We will classify our assessment of these five factors, systematically
assessing whether the quality of the evidence relating to each
comparison is of:

• high quality, when further research is very unlikely to change our
confidence in the estimate of eHect;

• moderate quality, when further research is likely to have an
important impact on our confidence in the estimate of eHect and
may change the estimate;

• low quality, when further research is very likely to have an
important impact on our confidence in the estimate of eHect and
is likely to change the estimate; or

• very low quality, when we are very uncertain about the estimate.

Independently, two review authors (SF and AP) will assess and
document the risk of bias relating to study design, imprecision,
inconsistency, indirectness and publication bias for each outcome
within comparisons presented in included reviews. Disagreements
will be resolved by discussion between the two review authors, who
will involve a third review author (FvW), if necessary.

Data synthesis

Two review authors (SF and AP) will independently extract
relevant data from the reviews and systematically synthesize
these data from the included reviews within tables. In these
tables we will document the primary and secondary outcomes
of each intervention comparison in an included review, as well
as the number of studies and number of participants included

in the comparison, and (where available from the reviews)
the mean diHerence (or standardised mean diHerence) 95%
confidence intervals, and I2 statistic for heterogeneity (Deeks 2001).
Comparisons presented will be determined by data available in
the included reviews. This table will also provide synthesized key
information relating to the quality of evidence, and will document
the eligibility criteria, study characteristics and primary outcome of
each review.

Statistical analyses

Indirect comparisons are those made between interventions that
have not been compared directly with each other within the same
trial (Becker 2011). We will complete statistical analysis using
indirect comparisons of interventions included in diHerent reviews
only if it is judged that the trials included in the reviews have a
low level of clinical and methodological heterogeneity. In order to
judge clinical heterogeneity we will consider factors that are known
to predict upper limb recovery or response to rehabilitation a-er
stroke (Coupar 2011; Sunderland 1989).

If indirect comparisons are possible, we will evaluate the
diHerences between treatment and placebo/control/usual care
interventions, preserving the randomisation of the originally
assigned participant groups. We will use the test for diHerences
between subgroups in RevMan (RevMan 2012), the subgroups being
defined by the diHerent comparisons being made, and will estimate
the diHerence between the subgroups and determine statistical
significance (Becker 2011). The diHerence between the summary
eHects in the two subgroups will provide an estimate of the indirect
comparison of two interventions. We will not perform indirect
comparisons when studies have performed direct comparisons,
or when the same studies have been included within more
than one review. Since indirect comparisons are not randomised
comparisons, we will apply caution when interpreting the results of
any statistical analyses.

Sensitivity analysis

If possible, we will conduct sensitivity analysis based on
methodological quality of included reviews, by comparing results
when all studies are included against those excluding evidence
assessed to be of low quality or at high risk of bias. We will
also explore the results when only Cochrane reviews are included,
compared to when reviews from DARE are included.
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AMSTAR questions/criteria Dichotomous questions used to assess quality of
reviews

Were review subjects clearly defined?1. Was an 'a priori' design provided?

Were review interventions specified?

Table 1.   Review assessment questions 
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Were review comparisons specified?
The research question and inclusion criteria should be established before the
conduct of the review.

Were review outcomes specified?

Were studies assessed for inclusion by two indepen-
dent review authors?

Were data extracted by two independent review au-
thors?

2. Was there duplicate study selection and data extraction?

There should be at least two independent data extractors and a consensus
procedure for disagreements should be in place.

Was there a clear procedure for resolving any dis-
agreements?

Were at least two major databases searched?

Were dates searched reported?

Were key words stated?

Were MeSH terms stated?

Was the search strategy provided or available on re-
quest?

3. Was a comprehensive literature search performed?

At least two electronic sources should be searched. The report must include
years and databases used (e.g. Central, EMBASE, and MEDLINE). Key words
and/or MESH terms must be stated and where feasible the search strategy
should be provided. All searches should be supplemented by consulting cur-
rent contents, reviews, textbooks, specialized registers, or experts in the par-
ticular field of study, and by reviewing the references in the studies found.

Were searches supplemented by consulting current
contents, reviews, textbooks, specialised registers,
or experts in the particular field of study, and by re-
viewing the references in the studies found?

Were studies searched for and included regardless of
their publication type?

4. Was the status of publication (i.e. grey literature) used as an inclusion cri-
terion? The authors should state that they searched for reports regardless of
their publication type. The authors should state whether or not they exclud-
ed any reports (from the systematic review), based on their publication sta-
tus, language etc.

Were papers included regardless of language of pub-
lication?

Was there a list of included studies?

Was there a list of excluded studies?

5. Was a list of studies (included and excluded) provided?

A list of included and excluded studies should be provided.

Was there a flow diagram?

Were details provided on the participants of includ-
ed studies (including age, gender, severity of stroke,
time since stroke)?

Were details provided on the interventions of includ-
ed studies?

6. Were the characteristics of the included studies provided?

In an aggregated form such as a table, data from the original

studies should be provided on the participants, interventions and 0utcomes.
The ranges of characteristics in all the studies analysed e.g. age, race, sex, rel-
evant socioeconomic data, disease status, duration, severity, or other dis-
eases should be reported.

Were details provided on the outcomes reported by
included studies?

Was the scientific quality of included studies as-
sessed?

7. Was the scientific quality of the included studies assessed and document-
ed?'A priori' methods of assessment should be provided (e.g.,for effective-
ness studies if the author(s) chose to include only randomised, double-blind,
placebo controlled studies, or allocation concealment as inclusion criteria);
for other types of studies alternative items will be relevant.

 

Was this done by at least two independent review
authors?

Table 1.   Review assessment questions  (Continued)
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Was the scientific quality of studies documented?

Were the results of scientific quality considered in
the analysis and conclusions of the review?

8. Was the scientific quality of the included studies used appropriately in for-
mulating conclusions? The results of the methodological rigor and scientif-
ic quality should be considered in the analysis and the conclusions of the re-
view, and explicitly stated in formulating recommendations.

 

Were the results of the methodological rigor consid-
ered in the analysis and conclusions of the review?

Were the methods used to combine the findings of
studies clearly described or referenced to appropri-
ate text, or both? 

If results are pooled, are the mean and confidence
intervals (or equivalent data) reported? 

If results are pooled, is a test of heterogeneity re-
ported?

Have the authors stated a definition of statistical
heterogeneity?

9. Were the methods used to combine the findings of studies appropriate?
For the pooled results, a test should be done to ensure the studies were com-
binable, to assess their homogeneity (i.e. Chi-squared test for homogeneity,
I2

). If heterogeneity exists a random effects model should be used and/or the
clinical appropriateness of combining should be taken into consideration
(i.e. is it sensible to combine?).

 

If statistical heterogeneity is present or suspected,
has a random-effects model been used?

10. Was the likelihood of publication bias assessed?

An assessment of publication bias should include a combination of graphical
aids (e.g., funnel plot, other available tests) and/or statistical tests (e.g. Egger
regression test).

 

Was the likelihood of publication bias assessed?

Was there a conflict of interest statement?

 

11. Was the conflict of interest stated? Potential sources of support should be
clearly acknowledged in both the systematic review and the included studies

Were sources of support acknowledged?

 

Table 1.   Review assessment questions  (Continued)

 

 

A P P E N D I C E S

Appendix 1. CDSR and DARE (The Cochrane Library) search strategy

#1. [mh ^”cerebrovascular disorders”] or [mh “basal ganglia cerebrovascular disease”] or [mh “brain ischemia”] or [mh “carotid artery
diseases”] or [mh “intracranial arterial diseases”] or [mh "intracranial embolism and thrombosis"] or [mh “intracranial hemorrhages”] or
[mh ̂ stroke] or [mh “brain infarction”] or [mh ̂ ”stroke, lacunar”] or [mh ̂ ”vasospasm, intracranial”] or [mh ̂ ”vertebral artery dissection”]
OR [mh “brain injuries”] or [mh “brain injury, chronic”]
#2. stroke or poststroke or “post-stroke” or cerebrovasc* or “brain next vasc*” or “cerebral next vasc*” or cva* or apoplex* or SAH
#3. (brain* or cerebr* or cerebell* or intracran* or intracerebral) NEAR/5 (isch*emi* or infarct* or thrombo* or emboli* or occlus*)
#4. (brain* or cerebr* or cerebell* or intracerebral or intracranial or subarachnoid) NEAR/5 (haemorrhage* or hemorrhage* or haematoma*
or hematoma* or bleed*)
#5. [mh hemiplegia] or [mh paresis]
#6. hemipleg* or hemipar* or paresis or paretic or brain next injur*
#7. #1 or #2 or #3 or #4 or #5 or #6
#8  [mh “upper extremity”]
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#9. upper next limb* or upper next extremit* or arm or shoulder or hand or axilla or elbow* or forearm* or finger* or wrist*
#10 #8 or #9
#11 #7 and #10
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