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patients with stroke
R.P.S. van PeppenI, G. KwakkelII, B.C. Harmeling-van der WellII, B.J. KollenIV, J.S.M. HobbelenV, J.H. BuurkeVI,
J. HalfensVII, L. WagenborgVIII, M.J. VogelIX, M. BernsX, R. van KlaverenXI, H.J.M. HendriksXII, J. DekkerXIII

A - Introduction

involved in the treatment, irrespective of the institu-

Clinical guidelines are ‘systematically developed rec-

tion to which a patient has been admitted.

ommendations to help care providers and patients

To ensure the quality of the ‘KNGF Clinical Practice

decide on suitable care in specific situations’. The

Guideline for physical therapy in patients with stro-

KNGF

guidelines on ‘Stroke’ serve as a guide for physi-

ke’ according to internationally accepted standards,

cal therapy care in patients who have had a cerebro-

the working group has applied the Appraisal of

vascular accident (CVA) or stroke. The title of this doc-

Guidelines for Research & Evaluation (AGREE).3 The
instrument assesses the quality of reporting as

ument includes the term ‘stroke’, in accordance with

AGREE

the reports of the Dutch Institute for Healthcare

well as that of certain aspects of the recommenda-

Improvement (CBO)1 and the Netherlands Heart

tions, thus indicating the feasibility of the target that

Foundation (NHS)2. These guidelines use the term

has been set. It does not, however, guarantee the

‘patients with stroke’, based on the physical thera-

actual impact on patient outcomes.

pist’s perspective. The rationale for this is explained

In writing these guidelines, the working group has

in Section A.2. These KNGF guidelines can be seen as

followed the procedure of Evidence-Based Medicine

an interpretation for physical therapists of the multi-

(EBM) as much as possible, to achieve a systematic

disciplinary guidelines on ‘Rehabilitation after

approach.4

Stroke’, which were developed under the auspices of

In agreement with the principles of EBM, it is essential

the NHS in

2001.2

In view of the multidisciplinary

to tailor the treatment plan as much as possible to

character of the treatment guidelines on

the wishes of the patient and his/her family.4

‘Rehabilitation after a Stroke’, physical therapists will

Patients’ needs can vary widely, which is reflected in

constantly have to coordinate their specific treatment

the large variation in the duration of the physical

with the other disciplines in the team. The principle

therapy treatment, ranging from a single advisory ses-

in the development of treatment guidelines is evi-

sion to intensive daily treatment lasting many

dence-based healthcare, as well as relational coordina-

months.

tion and constant quality across all care providers

The wishes of patients and their families resulting in
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specific goals to achieve with treatment are preferably

•

the quantitative analysis of the effect (if possible);

operationalized as specific questions and laid down in

•

the implications for treatment;

a physical therapy treatment plan. The treatment

•

the recommendation(s) for treatment and

goals that are formulated have to be realistic and fea-

•

the measuring instruments recommended for

sible for the patient within the available time. This

evaluation.

presupposes that physical therapists have prognostic
insight, as well as knowledge about the feasibility of

The information provided in these guidelines should

the intended effects of the treatment. They will also

enable therapists to determine to what extent the

have to apply their knowledge of the determinants

findings from the scientific literature are relevant for

which can predict the chances of recovery, and take

the patient they are actually treating. These KNGF

into account the time that has elapsed after the onset

guidelines describe physical therapy interventions. In

of stroke, in order to estimate the feasibility of the

addition, the working group has developed a physical

goals. All this means that physical therapy care has to

therapy assessment form, which allows therapists to

be tailored to the individual patient. At regular inter-

assess patients with stroke in a uniform manner, irre-

vals, the therapist will need to systematically evaluate

spective of the institution to which they have been

the goals (monitoring) and, where necessary, adjust

admitted. The assessment form is meant to enable

them. The latter implies that other members of the

unambiguous communication between the physical

care team have to be informed regularly about the

therapists within a stroke service and between physi-

progress of physical therapy, preferably during a mul-

cal therapists in different institutes.

tidisciplinary consultation. At the same time, the
questions that were formulated, the treatment goals,

A.1

Objective of the 'KNGF Clinical
Practice Guideline for physical
therapy in patients with stroke'

treatment plan and their evaluation will also have to
be recorded in writing, and be included in a multidisciplinary patient file.
Sometimes it is difficult to draw a clear line between

Definition

disciplines with regard to the interventions that can

KNGF

be offered to patients with stroke. There is, for

loped guide, drawn up by experts and addressing

instance, close overlap between physical therapy and

the content of systematic physical therapy treat-

occupational therapy, and sometimes it is unclear to

ment for specific health problems, and on aspects of

which of these two professional domains a particular

the practical organization of professional activi-

intervention belongs. Examples are manual dexterity

ties.’5-7

guidelines are defined as ‘a systematically deve-

training and ADL skills training. Clear agreements
between the disciplines involved can help avoid
ambiguities about responsibilities.

In agreement with this definition, the KNGF guidelines

The present guidelines offer 72 recommendations for

can be regarded as the ‘state of the art’ of physical

the physical therapy care to patients with stroke.

therapy activities, offering a full and transparent

Each recommendation is based on research findings

overview of current insights from the scientific litera-

published in peer-reviewed magazines. The recom-

ture. The treatment guidelines only reflect what has

mendations for the each of the various physical ther-

been published in the scientific literature, which

apy interventions are offered in separate sections,

implies that they are not a complete overview of

with each paragraph paying specific attention to:

everything a physical therapist does in everyday prac-

•

the ICF domain (International Classification of

tice, or a complete overview of all interventions that

Functioning);

a physical therapist could consider ‘effective’. For

•

the number of studies identified;

physiotherapy interventions based on expert opinion

•

the characteristics of the intervention;

(level 4 recommendations) the reader is referred to

•

the patient characteristics;

the multidisciplinary guidelines on ‘Rehabilitation

•

the effects described;

after Stroke’.

•

the analysis of the methodological quality;

This does not imply that interventions which have
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not been evaluated in research do not offer any added

•

cerebral haemorrhage: about 15 percent of all

value in physical therapy. All that can be said is that

strokes, further subdivided into intra-cerebral

scientific underpinning of such interventions is cur-

haemorrhage (10%) and subarachnoidal

rently still lacking. The fact that the guidelines are

haemorrhage (SAB) (5%);

limited to what is known from the literature does
mean, however, that professionals can obtain from

•

cerebral infarct (focal brain ischemia): about 80
percent of all strokes;1

them a clear idea of the current state of affairs with
respect to the scientific basis for the treatment of

The next paragraph shows (in brackets) the codes

stroke diagnostic group.

according to the International Classification of

The goals of a physical therapist’s interventions are

Diseases, tenth edition (IDC-10).10

based on the domains of the International

These guidelines do not cover SAB (i60), subdural

Classification of Functioning (ICF).8 In agreement

haemorrhage (caused by trauma), occlusion and

with this classification, these guidelines are structured

stenosis (i65 and i66) or the late consequences of

as follows:

cerebrovascular diseases (i69). Patients with a cerebral

•

General treatment principles (Chapter C);

haemorrhage (i61) will require a different policy for

•

Immobilization stage (Chapter D);

treatment and secondary prevention than patients

Mobilization stage:

with a cerebral infarct (i63), although other aspects of

-

Walking ability and other gait-related

care and treatment will be the same. In agreement

•

abilities (Chapter E);

with recommendations by the Dutch Institute for

-

Dexterity (Chapter F);

Healthcare Improvement (CBO) and the Dutch Heart

-

ADL

-

Cognitive rehabilitation (Chapter H).

skills (Chapter G);

Foundation (NHS) no distinction is made between the
different subtypes as defined by the ICD-10, as this
classification has no consequences for physical thera-

The evaluation instruments are presented according

py treatment.1 The diagnosis of SAB is associated with

to the same classification (see Section B.10). The

a different natural course and treatment, and is not

explicit objective of the KNGF guidelines is:

covered by the present guidelines, as recommended

•

to improve existing stroke care, on the basis of

by CBO.2

current scientific views and to improve the unifor-

The structure of the KNGF guidelines is as much as

mity and quality of the care provided;

possible based on the patterns that can be distin-

to explicitly formulate the tasks and responsibili-

guished in the natural recovery of patients with

ties of the different professions and to stimulate

stroke. In the first days after a CVA, for instance, the

cooperation between them;

priorities for physical therapy care are different from

•

to support decision-making in the care process;

those in the weeks or months that follow. In addi-

•

to identify the gaps in the available knowledge

tion, the rehabilitation of patients with stroke con-

based on scientific research.

centrates more on the first six months than on the

•

later phase.11 This is why the treatment guidelines

A.2

Defining the domain of stroke

The World Health Organization (WHO) defines stroke
as ‘rapidly developing clinical signs of focal disturbance of cerebral function, lasting more than 24
hours or leading to death, with no apparent cause

make a distinction between three consecutive phases:
1. the acute and sub-acute phase:
a. the acute phase: the first week after the onset of
a CVA;
b. the sub-acute phase: from the second to the

other than that of vascular origin’.9 The text prefers

fourth week after the onset of stroke;

the term ‘stroke’ to ‘cerebrovascular accident’ (CVA),

2. the post-acute phase: from the first to the sixth

because the latter implies a medical diagnosis, which
is not the

case.1

After a CVA has been confirmed, a

diagnosis will still have to be established to determine
further

month after the onset of stroke; and
3. the chronic phase: from six months after the onset
of stroke.

policy.1

Strokes can be divided into:
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In addition, treatment policy for patients with stroke

tion of physical interventions such as electrotherapy,

admitted to a stroke unit in a hospital is characterized

or combinations of these. Physical therapists who

by other priorities and hence other questions than

treat patients with stroke can be employed in various

that in later phases. In this (acute) phase, patients are

treatment settings such as stroke units, hospitals,

often still confined to bed until the diagnosis has

rehabilitation centres, nursing homes and private

become clear. Besides, it is sometimes not advisable to

practices. The working domain of physical therapy

mobilize a patient due to a reduced state of con-

has considerable overlap with the area of occupation-

sciousness or other complications. It is also possible

al therapy as regards interventions and physical

that reactivation is not indicated because of increased

assessment methods to determine ADL skills, e.g. in

intracranial pressure, as in the case of a cerebral hae-

dyspraxia. In these areas of overlap, the interventions

morrhage. In agreement with this treatment policy,

cannot be simply attributed to one discipline; the

the guidelines distinguish between a phase of immo-

care provider’s expertise is the decisive factor. Given

bilization and a phase of mobilization. The phase of

the specific expertise of occupational therapists as

immobilization is defined as the phase in which the

regards the treatment of complex disorders and limi-

medical policy aims to keep the patient in bed, while

tations, the working group recommends that physical

the phase of mobilization is defined as the phase in

therapists transfer the treatment, where possible, to

which the patient is encouraged to leave the bed as

occupational therapists or provide treatment in con-

much as possible.

sultation with this group of professionals. There is
also an overlap with the working domain of neurop-

A.3

Defining the scope of physical
therapy

sychologists, since memory and attention deficits
may interfere with the physical therapy treatment.

Physical therapists are part of a multidisciplinary

This also necessitates consultations with a neuropsy-

treatment team that primarily focuses on maximizing

chologist before treatment is started.

patients’ independent functioning, while safeguard-

Patients are referred to physical therapy by authoriza-

ing sufficient quality of life and preferably in their

tion of a physician or medical specialist, with whom

own home. The Dutch Professional Profile for

the physical therapist collaborates in terms of mutual

Physical Therapy includes a section defining the

referrals. The referral document has to include medi-

scope of physical therapy, which describes the con-

cal data regarding the clinical diagnosis, whether or

text in which physical therapists in the Netherlands

not supplemented by additional assessments such as

work, in relation to their professional tasks.12

CT

or MRI scanning techniques.

According to the Scottish Guidelines (SIGN), a physical
therapist can be defined as: ‘an expert in assessing

A.4

Legal status of the guidelines

and treating problems of the musculoskeletal sys-

These guidelines are not statutory regulations. They

tem.’13

offer knowledge and recommendations based on the

Physical therapy has been defined as ‘the total of

results of scientific research, which care providers

interventions relating to a person’s everyday move-

must take into account to provide high-quality care.

ments, with the aim of preventing, remedying,

Since the recommendations are mainly based the

decreasing or compensating health problems in terms

‘average’ patient, care providers must use their profes-

of functional impairments, limitations in activities

sional judgment to decide when to deviate from the

and restrictions in participation’. As a medical profes-

guidelines if that is required in a particular patient’s

sion, physical therapy primarily focuses on recovery

situation. Any deviations from the recommendations

of functioning in terms of everyday movements.

in the guidelines must be justified and documented.6

Physical therapy does not focus primarily on curing
the underlying disorders and illnesses (such as CVA),

A.5

but on reducing the patient’s functional limitations,

The ‘KNGF Clinical Practice Guideline for physical the-

relating to or resulting from the disorder. Physical

rapy in patients with stroke’ offer preliminary answers

therapy interventions in patients with stroke are

to clinical questions on diagnosis, treatment and pre-

diverse and may include exercise therapy and applica-

vention for patients with stroke. New developments

15

Guideline revisions

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

that could improve physical therapy care in this group

•

of patients may change the current views described in
these guidelines. The methodological recommenda-

Health Research and Development, ZonMw)
•

tions for developing and implementing guidelines
state that any guideline should be revised within a
This means that KNGF, together with the

•
•
•

Ms. E.M.J. Steultjens, MSc (Dutch Society for
Occupational Therapy);

•

valid if there are new developments that necessitate a
programme of revisions.

Mr. H. Rosendal, PhD (Landelijke Vereniging voor
Thuiszorg);

sary, a new working group will be established to revise
the guidelines. The current guidelines will cease to be

Mr. R. Reynders, MSc (Dutch Society of Nursing
Home Physicians);

working group, will decide in 2009 at the latest
whether these guidelines are still accurate. If neces-

Mr. P.L.M. de Kort, PhD (Dutch Society for
Neurology);

maximum of three to five years after the original publication.6,14

Ms. R. Klop, PhD (Netherlands Organization for

Mr. G.F. Teerling (Nederlandse Vereniging van
Neuroverpleegkundigen en Verzorgenden);

•

Ms. J.M.A. Visser-Meily, MSc (WCN, Dutch Society
of Rehabilitation Physicians).

Before any revision is carried out, the methodological
recommendations for guideline development and
implementation will also be updated on the basis of

The steering committee coordinating the develop-

any new insights and any cooperative agreements

ment of these guidelines would also like to thank a

between the different groups of guidelines developers

number of persons and organizations for their valu-

in the Netherlands. The consensus products devel-

able contributions to the development of these guide-

oped by the Dutch Evidence-Based Richtlijnen

lines (in alphabetical order):

Overleg (evidence-based guidelines platform; EBRO

•

for Healthcare Improvement (CBO), will also be included in any updated version of the method. Important

Netherlands);
•

Department of Physical Therapy of the Free

•

Physical therapists of the Neurology and

University medical center (VUmc);

improvements include uniform and transparent methods to determine the level of evidence and the prac-

Ms. H. Beckerman PhD (Department of
Rehabilitation Medicine, VUmc, Amsterdam, the

platform), under the auspices of the Dutch Institute

Neurosurgery departments of University Hospitals

tice recommendations derived from them.

(FANN working group);

A.6
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support.

17

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

B – Procedure used by the project
group

B.2

Procedure adopted by the project
group

In the Netherlands, two guidelines have recently

B.1

Formation of the working groups

become available describing the current views with

In the autumn of 2001, the Royal Dutch Society for

regard to the diagnostics and treatment of patients

Physical Therapy (KNGF) subsidized the VU University

with stroke, the ‘CBO Guidelines on Stroke’ from

Medical Centre (VUmc) to ‘develop, publish and

20001 and the ‘Guidelines on Rehabilitation after a

archive’ ‘KNGF Clinical Practice Guideline for physical

Stroke’ developed by the Dutch Heart Foundation in

therapy in patients with stroke’. The project group,

2001,2 respectively. Both reports offer multidisci-

consisting of Dr. G. Kwakkel, (project leader) and Dr.

plinary recommendations. The present ‘KNGF Clinical

R.P.S. van Peppen, MSc, (project assistant) officially

Practice Guideline for physical therapy in patients

started work on 18 March 2002, and completed its

with stroke’ can be regarded as a profession-specific

activities in March 2004. The activities of the project

supplement to these two guidelines. Although current

group were coordinated by the steering committee,

standards for physical therapy have been laid down

consisting of Dr. H.J.M. Hendriks (Dutch Institute of

in the 1995 Helsingborg consensus, no international

Allied Health Care); Mr. Ph.J. van der Wees MSc

physical therapy guidelines have so far been devel-

(Manager of the Dept. of Development & Strategy at

oped for the treatment of patients with stroke, which

KNGF);

justifies the development of the present new guide-

Mr. A.L.V. Verhoeven MSc (policy adviser, KNGF)

until 1 May 2003; Dr. M. Heldoorn (guideline coordi-

lines.15,16

nator, KNGF) from 1 May 2003; Mr. R. van Klaveren

The steering committee that prepared the develop-

(Head of Physical Therapy Dept. at VUmc) and Prof. J.

ment of guidelines for physical therapists asked itself

Dekker, PhD, (Professor of Allied Healthcare,

the following questions at the start of this project:

Rehabilitation Department, VUmc).

•

To answer the clinical questions, a mono-disciplinary

with stroke belong to the domain of physical the-

working group of experts, called the ‘Eerste Kring’, or
primary working group, was assembled in June 2002.

Which interventions for the treatment of patients
rapy?

•

Which (prognostic) determinants can be identi-

In forming this primary working group, an attempt

fied that determine the recovery of abilities by

was made to achieve a balance between professionals

patients with stroke?

working in primary healthcare (i.e. private practices

•

in the community) and secondary healthcare (i.e.
stroke units in hospitals, rehabilitation wards and

dence-based?
•

nursing home). Their task was to evaluate the con-

Which parts of the diagnostic assessment for
physical therapy (‘assessment form’) are reliable,

cepts of stroke guidelines. The members of the working group were working in hospitals, stroke units,

Which physical therapy interventions are evi-

concurrently valid and useful in practice?
•

When and with which measuring instruments do

rehabilitation centres, nursing homes and private

physical therapists have to evaluate patients with

practices. The project group and the eight members

stroke?

of the primary working group had declared to have
no conflicting interests regarding the KNGF guidelines

•

Which gaps exist in research findings on CVA in
the domain of physical therapy?

to be developed.

The ‘KNGF Clinical Practice Guideline for physical

Once consensus had been achieved within the prima-

therapy in patients with stroke’ were developed in

ry working group, the guidelines were sent to mem-

accordance with ‘the methodological recommenda-

bers of professional organizations also involved in the

tions for developing and implementing guide-

multidisciplinary care of patients with stroke (second-

lines’.6,14

ary working group). They had to assess whether the

This document offers practical instructions for report-

guidelines were consistent with current views in their

ing the strategy used to collect literature, including

own discipline. The composition of the primary and

specific keywords, the sources consulted and the peri-

secondary working groups has already been described

od over which the literature has been collected, as

in the above Acknowledgements.

well as the criteria to include or exclude certain publi-
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cations and the way in which recommendations

Implementation will occur according to KNGF’s stan-

should be formulated.

dard implementation strategy.6,7,19

The various physical therapy interventions have been
formulated on the basis of a series of questions. Based

B.3

on the quality of the studies identified, the level of

Patients’ problems are usually identified using the

scientific evidence was briefly summarized and con-

International Classification of Functioning (ICF),

verted into a recommendation for daily practice.

which has recently been translated into Dutch.8 The

These recommendations were then presented to a

ICF

group of professionals working in hospitals, stroke

Impairments, Disabilities and Handicap (ICIDH II). The

units and rehabilitation centres, nursing homes and

ICF

private practices (primary working group). After con-

human functioning that might relate to health prob-

sensus had been reached, the guidelines were evaluat-

lems.

ed once more by 169 physical therapists working

The term ‘functioning’ in the name ICF refers to func-

with geriatric patients with stroke (NVFG symposium,

tions, anatomical characteristics, activities and partic-

21 March 2003) and by physical therapists working at

ipation.8 The present guidelines refer to these per-

the neurology and neurosurgery departments of uni-

spectives as ‘functions and impairments’, ‘activities’

versity hospitals

(FANN).17

Their comments were then

Domains of physical therapy

is derived from the International Classification of
systematically classifies several specific domains of

and ‘participation’, respectively. The ICF shows that

discussed in the primary working group and used,

the different perspectives influence one another and

where necessary, to amend the draft guidelines.

are furthermore influenced by the patient’s disorder

Finally, the guidelines were presented to representa-

(in this case CVA), personal factors and context. The

tives of other professions related to the physical ther-

present treatment guidelines use the ICF to provide a

apy profession (the ‘secondary working group’), e.g.

systematic framework for the various specific physical

neurologists, rehabilitation physicians, primary care

therapy interventions. Additionally, the measuring

physicians, nursing home physicians, clinical geria-

instruments that are recommended in the present

trists, occupational therapists, speech therapists, psy-

guidelines to evaluate the interventions and func-

chologists and (district) nurses, as well as to organiza-

tional recovery have been classified according to the

tions involved with CVA, such as the Dutch Heart

ICFstandard.

Foundation, the patients’ association ‘Samen verder’,

functions and impairments or activities have been

iRv and ZonMw.

included in the physical therapy assessment form

Additionally, the working group made an effort to

accompanying these KNGF guidelines. Since it was

coordinate its work with that of guideline developers

assumed that the evaluation of participation would

in other countries. So far, international guidelines on

have a multidisciplinary character, measuring instru-

CVA

have only included multidisciplinary guidelines,

Measuring instruments that evaluate

ments that assess from the perspective of participa-

just as was the case in the Netherlands. In Great

tion are not included in these monodisciplinary

Britain, the National Guidelines for Stroke were pub-

guidelines.

lished in 2000 (http://www.rcplondon.ac.uk/pubs/
books/stroke/index.htm).16 An update was published

B.4

on the Internet in 2002 (http://www.rcplondon.ac.

The search for relevant literature in developing the

uk/pubs/books/stroke/stroke_quidelines_2ed.pdf). In

present KNGF guidelines was always based on specific

November 2002, the Scottish Intercollegiate

questions, in accordance with the procedure recom-

Guidelines Network (SIGN) published the National

mended for systematic literature search. A systematic

Clinical Guideline13 and in Canada, an ‘Evidence-

review involves a critical examination and evaluation

Rehabilitation’18

PICO questions

was recently

of the available studies, with the aim of answering a

published (http://www.ebrsr.com/index_home.html).

specific clinical question, using methods that reduce

The present guidelines have been distributed among

the risk of bias.20 By contrast, a critical (or narrative)

members of the KNGF. The working group has also

review lacks the transparent and systematic procedure

developed ‘expertise development packages’, describ-

for literature identification.

ing the steps necessary to implement the guidelines.

So-called PICO questions define the patients involved

Based Review of Stroke
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in the study (P), the experimental intervention (I)

the results of an intervention were compared only

and the comparison (C) as well as the outcome mea-

within the group, by means of pre- and post-tests.22

sures

(O).4

Eventually, 25 systematic reviews, 16 critical reviews,

To optimize the translation of literature data into rec-

153 RCTs, 49 CCTs and 41 pre-experimental studies

ommendations for the treatment of individual

have been reviewed in developing the present guide-

patients, the working group has made every effort to

lines. Based on these studies, the present KNGF CVA

give the reader insight into:

guidelines describe 48 different physical therapy

1. the patient data which were included in the study,

interventions, resulting in 66 recommendations: 24

with regard to age, type of CVA and co-morbidity;
2. the phase in which the patients were at the time
of the study, relative to the onset of stroke;
3. the characteristics of the intervention in terms of

at level 1, 18 at level 2 and 24 at level 3. Finally, six
level-3 recommendations have been formulated that
relate to prognostic determinants of walking ability,
dexterity and ADL skills.

duration, intensity and composition.

B.6
B.5

Literature search

Assessment of functional
prognosis

The literature was systematically studied to determine

An important part of evidence-based thinking in

to what extent empiric evidence existed for the effec-

rehabilitation is a proper assessment of the functional

tiveness of physical therapy in patients with stroke.

prognosis.4 Adequate prognostics make it possible to

This process of identifying relevant studies made use

respond to changes that occur over time, to estimate

of the following electronic databases: MEDLINE,

the feasibility of the short-term and long-term treat-

Cochrane Controlled Trial register, Cinahl, PEDro,

ment goals, and to provide correct information to

DARE, EMBASE

patients and their partners. Although physical thera-

and DocOnline. The literature that was

identified had been published in English, Dutch or

py involves many different functional goals that can

German, over the period from 1966 to 31 December

be set within a particular treatment, these KNGF guide-

2002. The keywords used in this process related to

lines restrict themselves to the prediction of three

design, study population and intervention. The pro-

important functional objectives, namely the progno-

cess also made use of the PICO model (Patients,

sis of the recovery of (1) walking ability, (2) dexterity

Intervention, Comparison and Outcome).

and (3) basic ADL activities.

The following keywords were used, individually as
well as in combination: (1) CVA (cerebrovascular disorders, cerebrovascular disease, stroke, hemiplegia,

B.7

Assessment of the methodological quality of prognostic studies

hemiparesis); (2) physical therapy (physical therapy,

Unfortunately, there is no consensus in epidemiology

exercise therapy); (3) CCT (Controlled Clinical Trial);

on the methodological quality requirements which a

(4) RCT (Randomized Controlled Trial); (5) systematic

prognostic study should ideally meet. However, in the

review or meta-analysis. Additionally, the reference

early 1990s, the Task Force on Stroke Outcome

lists of existing national and international guidelines

Research of Impairments, Disability and Handicap set

were checked for relevant publications. Finally, the

some minimum criteria with which a prognostic

references cited in the relevant articles identified were

study in patients with stroke should comply.23 Based

examined for any relevant literature references we

on these criteria, two systematic literature studies

might have missed.

were conducted, evaluating publications on the basis

A study was regarded as an RCT when patients had

of 11 methodological criteria for internal, statistical

been randomly assigned to an experimental interven-

and external validity (see table 1).24

tion or a control intervention. If this was not the

The prognostic studies can be classified in terms of

case, but other manipulations had been used to

various levels of scientific evidence. Each question in

enhance the comparability of an experimental and a

the methodological assessment list has to be

(non-randomly chosen) reference group, the trial was

answered by ‘yes’ or ‘no’ (0/1). These values are added

regarded as a CCT (quasi-experimental

study).21

Finally, studies were considered pre-experimental if

20
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good’, and level C as ‘poor’ (see table 2). None of the

sis.25 Only a few studies met the criteria for level A.

prognostic studies on the chances of recovering walking ability, dexterity and ADL skills (see Chapters E, F

B.8

and G) met all 11 methodological criteria. Kwakkel et

Assessment of the methodological
quality of controlled effect studies

al.24 as well as Meijer et al.25 suggest to attach greater

Step 4 of the EBM model by Sackett et al. involves

value to internal and statistical validity. Meijer et al.

choosing the most suitable intervention.4 These inter-

used only level A studies for a best-evidence synthe-

ventions are described in chapters C to E.

Table 1. Criteria for methodological quality of prognostic studies (Source: Kwakkel et al.24).
Item

Outcome strategy

A

To evaluate internal validity
Measurements reliable and valid? Dependent
variable

Criteria

Positive, if the prognostic study tested the reliability
and validity of measurements used or referred to
other studies which had established reliability and
validity

B

Measurements reliable and valid? Dependent
variable

Positive, if observation started within 2 weeks after
stroke

C

Inception cohort during observation period?

Positive, if observation ended a minimal of 6 months
after stroke

D

Appropriate end-points for observation?

Positive, if drop-outs during period of observation
are specified

E

Control for drop-outs?

Positive, if relationship between dependent and
independent variable is tested for statistical
significance

F

To evaluate statistical validity
Statistical validation of relationship between
dependent and independent variables?

Positive, if ratio [n:K] exceeds [10:1]

G

Sample size (n) adequate in relation to the
number of determinants (K)?

Positive, if interaction between two or more
independent variables is tested in the prediction model

H

Control for multicollinearity?

Positive, if interactin between two or more
independent variables is tested in the prediction model

I

To evaluate external validity
Specification of relevant patient
characteristics? (i.e. age, type, number, and
localization of stroke)

Positive, if age, type, localization as well as number
of strokes are specified in the cohort

J

Description of additional medical and
paramedical interventions during
observation?

Positive, if information on medical and paramedical
treatment is reported

K

Cross-validation of the prediction model in
a second independent group?

Positive, if the prediction model is validated in a second independent group of stroke patients
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Table 2. Levels of evidence.
Level

Criteria

A

Studies meeting all criteria for statistical and internal validity (8 points or more)

B

Studies with a total score > 6 points which do not meet the Level A criteria

C

Studies with a total score = 6 points

In the present framework, the Physiotherapy

(http://www.pedro.fhs.usyd.edu.au/scale_item.html).

Evidence Database (PEDro) was used to assess the qual-

Ten of the 11 items of the PEDro scale assess the inter-

ity of controlled studies, since this is internationally

nal and/or statistical validity (see table 3). The sum

known and, for most studies, verifiable via the inter-

score of these 10 items (numbers 2 to 11) is deter-

net.26,27

mined by adding up the number of items with a posi-

The PEDro list:

tive score. The studies are judged by what is explicitly

a. was specifically developed to assess RCTs that are

described in the publication. An item that is not

relevant to physical therapy;
b. comes with a clear scoring list with explanations,
generating high kappa values among assessors;
c. has been derived from the Delphi list.

reported in the article, gets a score of 0. An item gets
1 point if the question can be answered affirmatively.
Scores thus range from 0 to 10 points. The external
validity (item 1) is not included in the sum score.
This item is judged to be positive if the inclusion and

All 9 items from the Delphi list are included in

exclusion criteria are listed and the origins of the par-

PEDro.28

ticipating patients are described.

In addition, the PEDro list includes two addi-

tional items. This scoring list is freely accessible and
the list, explanations and database can be found on

In the present guidelines, the sum score has been

the internet:

classified according to the Canadian Stroke

Table 3.

PEDro

scale.

Items

Description

Score

1

Are inclusion/exclusion criteria clearly specified?

yes/no

2

Were patients randomly allocated to the groups?

0/1

3

Was the blinding procedure for randomization sufficient? (concealed allocation)

0/1

4

Were the groups similar in terms of the most important prognostic indicators?

0/1

5

Were the patients blinded?

0/1

6

Were the therapists blinded?

0/1

7

Were all assessors who measured at least 1 key outcome blinded?

0/1

8

Was at least 1 key outcome measure assessed in > 85% of the included patients?

0/1

9

Did all patients receive the allocated experimental or control treatment or was an
intention-to-treat analysis carried out?

10

Are the results of between-group statistical comparisons reported for at least 1 key
outcome measure?

11

0/1

Are both point measures and measures of variability reported for at least 1 key
outcome measure?
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Table 4. Classification of methodological quality.
PEDro-score

Classification

9-10 points

Very good

6-8 points

Good

4-5 points

Reasonably good

0-3 points

Poor

Rehabilitation Evidence-Based Review (SREBR), and is
presented in table

4.29

In accordance with the guidelines on stroke issued by
the Dutch Institute for Healthcare Improvement
(CBO), conclusions derived from meta-analyses and

B.9

Quantitative analysis of the effect

high-quality randomized (blinded) studies have been

Whenever it was possible to compare patient charac-

given more weight in formulating the treatment

teristics, interventions and outcome measures of the

guidelines than findings resulting from patient series.

identified studies, the effects found have been statisti-

Four levels have been distinguished (see tables 5 and

cally pooled. Pooling involved combining the effects

6).

of the individual studies and expressing them in a

If, for instance, no effect has been demonstrated in

summary effect size

(SES).30

The individual effect sizes

the studies, the recommendation is phrased as fol-

were calculated using a Hedges’ g-model.31,32 This

lows:

model calculates the measured difference in effect over

Level 1: ‘It has been demonstrated that… offers no

time between the experimental and control groups
and plots it against the existing variability among the

added value…’
Level 2: ‘It is plausible that… offers no added

patients in the experimental and control groups at
baseline. One has to realize that the Hedges’ g-model is

value…’
Level 3: ‘There are indications that… offers no

a fixed effects model, which assumes that the effects

added value…’

are more or less fixed between the individual studies
and therefore free of possible effect modifications. The

If no study has been conducted into a particular

latter implies that the calculations assume homogenei-

intervention, this is phrased as: ‘It is unclear wheth-

ty between the studies.33 In the case of heterogeneity

er…’

between the individual studies, the calculation was

The present guidelines does not include any level-4

based on a random effects model. No further sensitivi-

recommendations, since these have already been for-

ty analysis was performed, however. Whenever the

mulated in a multidisciplinary consensus meeting.2

outcome measures, interventions or patient character-

The resulting report, called Revalidatie na een

istics were not comparable between the studies, a best-

Beroerte (‘Rehabilitation after a stroke’) includes 127

evidence synthesis was used.34 This means that the lit-

recommendations of this level. For the level-4 recom-

erature was evaluated based on the methodological

mendations, please consult the report by the

quality of the studies included.

Netherlands Heart Foundation (NHS).2

B.10

B.11

Weight of the evidence from
intervention studies

Significance of clinimetrics in
evidence-based medicine

Just as in previous rehabilitation guidelines, the con-

Clinimetrics can be defined as ‘the method that is

clusions are as much as possible based on evidence

used in medicine to measure or describe clinical

from published scientific research (SCI journals).

symptoms, physical manifestations and other abnor-
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Table 5. Subdivision of research findings according to evidence (intervention studies).
A1

Systematic reviews including at least some A2-level RCTs, and with consistent results of individual
studies;

A2

RCTs

of good methodological quality and sufficient size and consistency (having a PEDro score of 4

points or more);
B

RCT

of poorer methodological quality (with a PEDro score of 3 points or less) and quasi-experimental

studies;
C

Non-comparative studies; pre-experimental studies;

D

Not based on research; expert opinions.

malities with the help of indices, assessment scales or

ments and a monitoring section. See figure 1 for an

other quantities’.35 Like prognostics, clinimetrics is

overview of the selected measuring instruments.

an integral part of evidence-based

practice.4

The use

After five consensus meetings with members of the

of reliable and valid measuring instruments increases

primary working group, it was agreed that, whatever

the consistency and objectivity of the assessment of a

the treatment setting, patients with stroke should be

patient’s functions and abilities, and thus contributes

assessed in the first week as well as in the week of dis-

to a better communication within and between the

charge. The resulting data, as well as the interpreta-

various professions involved in the treatment of a

tion of these data, have to be recorded in a physical

particular patient. In short, clinimetrics helps to

therapy transfer file, which is part of the multidisci-

increase transparency and to justify patient-related

plinary patient file. Furthermore, it is advisable to

decisions in a multidisciplinary cooperation, such as

assess the patients prior to the multidisciplinary team

that in a rehabilitation team. An important condition

meeting, so their actual motor and functional status

is that there is consensus regarding the tests that are

can be reported to the team. Finally, the working

used in the cooperating institutes offering stroke ser-

group recommends that outcomes should be assessed

vice.

at the end of the first week after the onset of stroke,

As a recent survey in Great Britain showed, systematic

as well as at 3 and 6 months after stroke to monitor

measurements with the help of reliable and (concur-

functional recovery over time.

rently) valid measuring instruments are still not gen-

When and how often assessments need to take place

erally used among physical therapists who are treat-

during the chronic phase (i.e., after 6 months) is very

ing patients with stroke. The survey among 1022

much determined by the individual case and depends

British physical therapists showed that 22 percent of

on the functional goals that have been set before-

this group generally used no measuring instruments

hand, after consultation with the patient. The result-

to evaluate patients with stroke, while the rest evalu-

ing data on skills can be used to decide whether to

ated the patients mostly with the help of non-reliable

continue or end the treatment. In practice this means

and non-valid

instruments.36

This does not corre-

spond with the current preference in physical therapy

that the physical therapist has to check a patient regularly for possible changes (improvements or deterio-

for Evidence-Based Medicine (EBM).

rations). If functional changes beyond the 95% CI are

To facilitate the use of clinical use of valid assess-

found, this may be a reason to continue treatment.

ments, the working group has developed a physical

The physical therapy assessment form divides the

therapy assessment form. This form offers not only

measuring instruments into so-called core measuring

space for general patient intake data, but also a stan-

instruments and optional measuring instruments.

dardized intake with the help of measuring instru-

The core measuring instruments are considered essen-
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Table 6. Expressions used in practice recommendations.
Level

Level of evidence

Recommendation

1

If supported by:

‘There is strong evidence that ....’

at least 1 systematic review or
at least 2 level A2 RCTs
2

If supported by:

‘There is moderate evidence that ....’

at least 2 level B RCTs or
2 level 2 quasi-experimental studies or
supported by 1 RCT of good
methodological quality (level A2)
3*

If not supported by

‘There are indications that ....’

level A or B studies
4**

Based on expert opinions

‘In the opinion of the working group ....’

** The results of level A and/or B studies involving patients without stroke are referred to in these guidelines as level-3 recommendations.
** The ‘KNGF Clinical Practice Guideline for physical therapy in patients with stroke’ do not include any level-4 recommendations.

tial for acceptable patient care at the above-men-

allow data about possible pre-existent limitations to

tioned assessment moments, whereas the recom-

be recorded.

mended instruments should be used when there is a

The working group has further opted for a practical

reason for doing so. This does not mean that a physi-

classification, in which the selected measuring instru-

cal therapist always has to perform these measure-

ments are linked to functional milestones which

ments himself. Agreements can be made with others

patients pass during their recovery: lying, sitting,

involved in the rehabilitation team to come to a bal-

standing, walking and ADL.37,38 For measuring instru-

anced allocation of the required time.

ments used in these phases, see tables 7 to 11.

Physical therapists are advised to familiarize themselves with a number of other measuring instruments

Based on the above, the working group has

that offer useful information on prognosis and func-

formulated the following recommendation:

tioning. These include the data resulting from the
Oxfordshire Community Stroke Project Classification

(1) Systematic assessment (monitoring) (level 3)

(OCSPC), the Glasgow Coma Scale, the Carer Strain

There are indications that systematic assessment

Index, the Mini Mental State Examination, the Line

(monitoring) of patients with stroke with the help of

Bisection Test, the ‘O-Zoek test’ (a Dutch letter cancel-

reliable and valid measuring instruments offers added

lation test) and the ‘Vinger Volg Test’ (finger-follow-

value in improving the accuracy of prediction of

ing test).

walking ability, dexterity and ADL skills.

The results found with these measuring instruments
are usually included in the patient’s file. The working
group recommends consulting the relevant expert
(physician, neuropsychologist or occupational thera-

B.12

Methodological quality of
published RCTs

Forty-eight of the 202 controlled studies examined in

pist) for a correct interpretation of the data.

the present KNGF guidelines were of a quasi-experi-

For the intake, the working group recommends the

mental nature. In 153 studies, a randomization proce-

Modified Rankin Scale (MRS) and the Frenchay

dure was used (RCTs). Table 12 shows the methodolog-

Activities Index (FAI). These measuring instruments

ical quality according to the PEDro scale for 128 of the
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RCTs

examined. The PEDro score (which ranges from 0

determine the effects in the RCTs turned out not to

to 10 points) varied from 2 to 8 points. Most RCTs had

have been blinded for treatment allocation (criterion

a score of 5 (27.3%), 4 (18.8%), 7 (18.8%) or 6

7). This can also lead to an overestimation of the

(17.2%), with a median of 5 points (average 5.1 ±

treatment effect.39 Furthermore, none of the RCTs that

1.47). None of the RCTs examined had a score of 0 or

were examined had blinded patients to the interven-

9 points or more on the PEDro scale.

tion. The fact that blinding is impossible for many
physical therapy interventions, such as exercise thera-

Table 13 shows the percentage of RCTs that met the

py, influences the treatment result. This restriction

individual PEDro criteria. All of the 128 RCTs (100%)

does not exist in, for instance, pharmaceutical inter-

met the ‘randomization’ criterion (item 2). None of

ventions, in which a placebo can be administered. If

the RCTs used blinded patients (criterion 5) and in

blinding is impossible, the working group recom-

only 2 RCTs (1.6%) were the therapists blinded (criteri-

mends that physical therapists keep the patients as

on 6). Inclusion and exclusion criteria were clearly

naïve as possible with regard to the supposed added

described in 83.6 percent (107 RCTs) (criterion 1).

value of the experimental intervention compared to

Only 38 of the 128 RCTs had a proper randomization

the control intervention. This can ensure that any

procedure (for example with sealed envelopes (con-

bias in answering the questions, such as desirability

cealed allocation)). This means that the patients were

effects, is comparable in both groups. It is important

allocated to the experimental or control group on the

that RCT designs in future physical therapy research

basis of sealed envelopes in less than 30 percent of

emphasize the prevention of bias by blinding the

the RCTs (criterion 3). Another striking aspect was

researcher(s), by performing a proper and indepen-

that, because of the high percentage of dropouts,

dent randomization procedure and by applying an

many studies were unable to actually assess the key

intention-to-treat analysis afterwards to control for

outcome variable at the end of the intervention in

dropout.

more than 85 percent of the participating patients.

The findings of systematic reviews are greatly influ-

Additionally, only 18 percent of the studies used an

enced by the quality (or lack of it) of the studies

intention-to-treat analysis (criterion 9). Such an anal-

included. For the time being, there seems to be a

ysis also includes patients who for some reason did

slight trend indicating that the qualitatively poorer

not complete the allocated treatment. It is obvious

studies pooled for these guidelines generally found

that not correcting for selective dropout will in most

larger effect sizes, suggesting a negative association

cases lead to biased study findings, usually in favour

between quality and the effect size found in RCTs

of the experimental group.

(r = -0.21; p = 0.07). The use of high-quality RCTs in

Finally, almost 40 percent of the assessors who had to

the field remains an important requirement.

Table 7. Measuring instruments used in supine patients (immobilization phase) to evaluate joint mobility, pain, cranial
nerves, somatosensory function, stiffness in passive movement, motor abilities and sitting balance (immediately after
intake).
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Core measuring instruments

Optional measuring instruments

•

Motricity Index (MI)

•

Neutral-0 method (NZM)

•

Trunk Control Test (TCT)

•

Numeric Pain Rating Scale (NPRS)

•

Nottingham Sensory Assessment (NSA)

•

Modified Ashworth Scale (MAS)

•

Brunnstrom Fugl-Meyer assessment (BFM)

•

Trunk Impairment Scale (TIS)
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Table 8. Measuring instruments used in sitting position (first mobilization phase) to evaluate sitting balance and dexterity.
Core measuring instruments

Optional measuring instruments

•

Trunk Control Test (TCT)

•

Action Research Arm Test (ARAT)

•

Frenchay Arm Test (FAT)

•

Nine Hole Peg Test (NHPT)

•

Trunk Impairment Scale (TIP)

Table 9. Measuring instruments used in standing position (second mobilization phase) to evaluate balance.
Core measuring instruments
•

Optional measuring instruments

Berg Balance Scale (BBS)

•

Timed Balance Test (TBT)

Table 10. Measuring instruments used in standing position (third mobilization phase) to evaluate risk of falling,
transfers, walking ability, walking speed and endurance.
Core measuring instruments

Optional measuring instruments

•

Functional Ambulation Categories (FAC)

•

Rivermead Mobility Index (RMI)

•

10-metre walking test (TMW) at comfortable

•

Falls Efficacy Scale for Stroke (FESS)

walking speed

•

Timed Up&Go Test (TUG)

•

6-minute walking test (6MLT)

Table 11. Measuring instruments used during ADL (immobilization and mobilization phases) to assess activities of daily
living (ADL) and extended ADL abilities.
Core measuring instruments
•

B.13

Optional measuring instruments

Barthel Index (BI)

Limitations of the KNGF Clinical
Practice Guideline for physical
therapy in patients with stroke

•

•

Nottingham Extended ADL-index (NEADL)

•

Frenchay Activities Index (FAI)

teaching abilities such as stair walking and
cycling;

•

early mobilization of patients with stroke;

•

instructing patients’ partners;

•

training traffic skills;

sible for individual physical therapists to keep up

•

hydrotherapy;

with all the literature. Guidelines based on evidence

•

therapeutic positioning of the paretic side in bed

Because of the large volume of literature focused on
CVA

that appears every month, it is practically impos-

can then give them something to go by in taking

and chair;

their clinical decisions. The great majority of daily

•

passively moving arms and legs;

activities in physical therapy have never been tested

•

effectiveness of cryotherapy for hand oedema;

for their added value. There are still many knowledge

•

sensory training of the paretic arm;

gaps in the field of physical therapy. For instance, no

•

contextual manipulations to influence ADL
independence and to prevent falling;

controlled studies have been conducted in patients
with stroke to assess the added value of:

•

the use of walking aids such as canes, tripods or
rollators;

•

different positions in bed;

•

the training of transfers (e.g. from bed to chair

•

fall prevention programmes;

and vice versa);

•

significance of pulmonary care in the immobiliza-

•

getting up from the floor;

•

teaching falling techniques;
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Table 12. Numbers of RCTs evaluated and corresponding PEDro scores.
Number of points per
on

RCT

Number of

RCT s

Percentage

Cumulative percentage

PED ro-scale

0

0

0

0

1

0

0.8

0.8

2

2

1.6

2.3

3

17

13.3

15.6

4

24

18.8

34.4

5

35

27.3

61.7

6

22

17.2

78.9

7

23

18.0

96.9

8

4

3.1

100

9

0

0

100

10

0

0

100

Table 13. Percentage of RCTs meeting the individual PEDro criteria (n = 128).
Criteria Description

Score

1

Are inclusion/exclusion criteria clearly specified?

83.6%

2

Were patients randomly allocated to the groups?

100%

3

Was the blinding procedure for randomization sufficient? (concealed allocation)

29.7%

4

Were the groups similar in terms of the most important prognostic indicators?

76.6%

5

Were the patients blinded?

0%

6

Were the therapists blinded?

1.6%

7

Were all assessors who measured at least 1 key outcome blinded?

60.2%

8

Was at least 1 key outcome measure assessed in > 85% of the included patients?

58.6%

9

Did all patients receive the allocated experimental or control treatment or was an
intention-to-treat analysis carried out?

10

Are the results of between-group statistical comparisons reported for at least 1 key
outcome measure?

11

86.7%

Are both point measures and measures of variability reported for at least 1 key
outcome measure?
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Figure 1 Domains for intake and phases of (im)mobilization and proposed measuring instruments. Measuring instruments are
divided into core measuring instruments and optional measuring instruments.
The use of measuring instruments is to be considered if a function of skill is impaired, limited of absent.
Measuring
Measuring
instruments on the instruments on the
level of functioning level of activities
• General information Consider
measuring
• Diagnosis
instruments
• Pre-existing
impairments
• etc.

Immobilization
phase

Domains
- Joint mobility
- Pain
- Reflexes
- Cranial nerves
- Somatosensory
function
- Stiffness in passive
movement
- Synergy formation
- Spasticity
- Sitting balance

Consider
measuring
instruments

Sitting
Domains
- Sitting balance
- Dexterity

Consider
measuring
instruments

Mobilization
phase
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- Modified Rankin
Scale (MRS)
- Frenchay
Activities Index
(FAI)
- Neutral-0
method (NZM)
- Numeric Pain
Rating Scale
(NPRS)
- Testing cranial
nerves
- Water displacement method
- Nottingham
Sensory
Assessment (NSA)
- Modified
Ashworth Scale
(MAS)
- Motricity index
(MI)
- Brunnstrom
Fugl-Meyer
Assessment(BFM)

- Trunk Control
Test (TCT)

Activities
of daily
living
(ADL) and
extended
ADL

- Trunk Control
Test (TCT)
- Trunk Impairment Scale (TIS)
- Frenchay Arm
Test (FAT)
- Action Research
Arm Test (ARAT)
- Nine Hole Peg
Test (NHPT)

Standing
Domains
- Balance

Consider
measuring
instruments

- Berg Balance
Scale (BBS)
- Timed Balance
Test (TBT)

Walking
Domains
- Transfers
- Walking ability
- Endurance

Consider
measuring
instruments

- Rivermead
Mobility Index(RMI)
- Timed Up&Go
Test
- 10-metre
walking test (TMW)
- Functional
Ambulation
Categories (FAC)
- 6-metre
walking test (SMW)
- Falls Efficacy Scale
(FES)

Barthel
Index (BI)

▼

Intake

Nottingham
Extended
ADL Index
(NEADL)
Frenchay
Activities
Index (FAI)
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Nor have controlled studies been conducted on the

quality, such as pre-experimental studies, including

effectiveness of different motor learning strategies

case reports (n=1). Additionally, the guidelines have

and the effects of manipulations of the environment

been brought up to date until 2003, which means

on the development of skills. For example, it is not

that effect studies published since then might invali-

clear how abilities like walking, or even more com-

date the current recommendations, or actually

plex abilities, can best be learned. An important rea-

strengthen their evidence. Furthermore, it is plausible

son for this is that insufficient knowledge is available

that we have missed certain controlled studies in our

on movement control, and the little knowledge that

literature search, because they were not written in

is available has not been used to test the evidence for

English, Dutch or German, or because they were not

various motor learning strategies advocated in physi-

included the electronic databases we consulted.

cal therapy (for a discussion, see Kwakkel et al.,

Finally, it is important to note that the description of

2001).40

interventions in the research literature is often very

It is also important to note that literature search was

brief, so it is not always clear what the content of

limited to systematic reviews, RCTs and controlled

intervention reflects. This establishment usually pre-

studies without randomization (CCTs). This means

vents such interventions from being included as spe-

that the working group ignored studies of poorer

cific actions in the treatment guidelines.
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C – General treatment principles

in a treatment team is largely determined by the
nature of the institution to which a patient has been

C.1

Structure of rehabilitation in the
context of a stroke service

admitted (hospital stroke unit, hospital without a spe-

A stroke service comprises several institutions and can

home) and by the phase of the patient’s recovery pro-

be described as a regional chain of care providers or

cess (acute, post-acute or chronic phase). It may, for

care institutions that together ensure integrated,

instance, be necessary to have an orthotist participat-

expert and coherent care and treatment of patients

ing in the team in a rehabilitation setting. The team

with stroke in all phases of the

disorder.1

A characteris-

cialized CVA unit, rehabilitation centre or nursing

should use regular interdisciplinary consultations to

tic of stroke services is the fact that continuity of care

ensure proper coordination of the treatment goals

is offered in the acute (or sub-acute), post-acute and

and treatment strategies and the changes in these

chronic phases, with well-organized transfer of

goals and strategies during the rehabilitation process.

patients between the

facilities.11

Coaching the avail-

able informal care providers (relatives etc.) is an explic-

C.1.2

it part of the care and treatment plan in every link of

Hospital stroke units (Structure of
rehabilita tion in the context of a stroke service)

the chain. The approach of stroke services is focused

Hospital stroke units are primarily focused on diag-

on reducing mortality and optimizing the functional

nostics and care interventions during the first days

health status of patients who have suffered a CVA.1

after the onset of a CVA. The purpose of this acute care

A stroke service is composed of several elements. On

is:

the one hand, there are the facilities within institu-

•

to prevent progressive damage to the brain and

•

to prevent and reduce impairments, limitations

cials coordinating care across institutions (i.e., trans-

•

to determine the optimal follow-up treatment;

mural care coordinators). In addition, care institutions

•

to provide information and coaching to patients

tions, like a hospital stroke unit, outpatient clinic or
rehabilitation ward. On the other hand there are activ-

other complications;

ities linking the institutions, like transfer files and offi-

and participation problems caused by the stroke;

may have entered into written agreements on the
transfer and treatment of the

patients.41

and informal caregivers.

Physical ther-

apy is one of the few professions which is represented

One characteristic is that management is multidisci-

in all of the institutions in the chain of care.

plinary, that is, several cooperating disciplines participate in the assessment of the consequences of a

C.1.1

Stroke teams (Structure of rehabilitation in the

stroke, the resulting treatment policy and the follow-

context of a stroke service)

up treatment.43,44 This implies that a hospital stroke

In principle, physical therapists always take part in a

unit:

stroke team. The most important characteristic of a

•

must involve a multidisciplinary team of care pro-

stroke team is the interdisciplinary (or multidisci-

viders that is equipped for the expert and skilful

plinary) cooperation in health care. This means that

treatment of patients with stroke;

rehabilitation is offered in a coordinated way by mul-

•

tiple disciplines or professional groups working
together in one treatment

team.15,42

psychosocial policy that is specifically tailored to

This treatment

patients with stroke, that takes treatment guide-

team consists of a core group, usually coordinated by

lines into account and that makes use of proto-

a neurologist at the hospital (hospital stroke unit), a
rehabilitation physician at the rehabilitation centre

must have a medical, paramedical, nursing and

cols, working agreements and procedures;
•

must have technical and infrastructural facilities

(rehabilitation stroke unit) or a nursing home physi-

for rapid diagnostics, treatment, secondary pre-

cian in the nursing home (nursing home stroke unit).

vention, complication prevention and initiation

Ideally, the treatment team consists of a physician, a
nurse, a physical therapist, an occupational therapist,

of rehabilitation;
•

must be embedded in a stroke service, in such a

a speech therapist, a neuropsychologist and a social

way that patients with stroke can be transferred as

worker.1,2 The actual involvement of these disciplines

soon as possible to suitable follow-up care.
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The category of patients in a hospital stroke unit is

with a CVA, regardless of gender, age and severity of

usually different from that in a general intensive care

stroke, is eligible for admission to a stroke unit. For a

unit or a ward for patients with stroke in a nursing

number of patients, however, there may be argu-

home or rehabilitation centre. The stroke unit in a

ments not to admit them to such a unit, for example

hospital, usually situated in the neurology depart-

terminal patients or patients with serious co-morbidi-

ment, is meant for patients in the acute or sub-acute

ty, or if the patient himself does not want to be

stage of a CVA (maximum 14 days after the onset of

admitted to a stroke unit.2

stroke). The stroke unit is primarily intended to estab-

It remains unclear why stroke units are more effective

lish the diagnosis and to consider the need for throm-

than conventional care centres. The current assump-

bolysis therapy.

tion is that the positive effect of a stroke unit is

Although the unit for patients with stroke in a nurs-

caused by the combination of several factors, such as:

ing home or rehabilitation centre is sometimes also

•

a fully standardized assessment at admission to

called a stroke unit, it focuses especially on the reha-

record the levels of impairments, activities and

bilitation of patients in the acute or sub-acute stage.

participation;

In the international literature the name ‘Acute Stroke

•

‘Rehabilitation Stroke Unit’ is used for a stroke unit in

•

a more intensive treatment policy (greater frequency or more staff at the bedside);

a nursing home and ‘Specialized Rehabilitation Stroke
Unit’ is used for a stroke unit at a rehabilitation

formulation of a common (interdisciplinary) treatment plan;

Care Unit’ is used for a stroke unit at a hospital, while

•

better and more rapid diagnostics and more rapid

ward.43 The stroke unit is not necessarily a specific

intervention in case of complications, as well as

spatial unit with a number of beds, although this will

more highly trained nursing staff (to deal with

probably enhance the effectiveness of care.45

choking, pressure ulcers, incontinence);

A systematic

review46

of 19

RCTs47-65

and 4

CCTs66-69

•

including 4911 patients with stroke shows that, in
comparison to admission to conventional treatment

in case of complications;
•

centres, treatment in stroke units results in a larger
number of patients with stroke being able to live at

regular and systematic assessment of changes
(monitoring) in the acute phase;

•

home independently (odds ratio (OR): 0.80; 95% CI:
0.71-0.90; p < 0.01) and leads to a decreased risk of

more treatment with antipyretics and antibiotics

timely information to patients and partners/relatives;

•

early preparations for discharge.

death (OR: 0.82; 95% CI: 0.71-0.94; p < 0.01).46,54 This
implies that the risk of death is reduced by 18 percent

The specific effects of each of the individual factors,

and that the chances of living independently at home

however, is not accurately known.1,72 It may be the

rise by 20 percent. Furthermore, treatment in stroke

combination of factors that determines the added

units reduces the number of patients admitted to

value.

institutions for chronic care as well as the average

The success of treatment in hospital stroke units has

care period (8%).11,45 Based on these findings, Hankey

led in 1995 to a consensus meeting at Helsingborg,

and Warlow estimated that per 1000 patients with

under the auspices of the World Health Organization

stroke admitted to a hospital stroke unit, 56 fewer

(WHO) and the European Stroke Council. At this Pan-

patients will die or remain ADL-dependent than if

European Consensus Meeting on Stroke, the partici-

these patients had been admitted to a conventional

pating countries were asked to ensure that in 2005 all

hospital (the so-called Number Needed to Treat;

patients with stroke would have access to specialized

NNT).70

stroke units.15 At present, several Dutch hospitals

There are no indications that these effects of treat-

have introduced a stroke unit, and there are also

ment in a hospital stroke unit are limited to certain

nursing homes and rehabilitation centres with a spe-

subgroups of patients with stroke. Subgroup analyses

cific unit for the intensive care of patients with stroke

have shown, for instance, that people aged 75 years

(Rehabilitation Stroke Units and Specialized

and older also benefit from admission to stroke

Rehabilitation Stroke Units, respectively), which even

units.11,71 This means that, in principle, any patient

admit patients in the acute phase.43
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C.1.3

The physical therapist as part of stroke

(3) Hospital stroke unit (level 3)

chain of care (Structure of rehabilitation in the

There are indications that a hospital stroke unit

context of a stroke service)

should be embedded in a stroke service with appro-

The expertise of physical therapists at stroke services

priate rehabilitation facilities.

and hospital stroke units is tailored to the physical
assessment and treatment of patients with stroke.17,73

C.1.4

Optional measuring instruments

Physical therapists advise the team in assessing

(Structure of rehabilitation in the context of a

impairments and disabilities and the prognosis for

stroke service)

the recovery of abilities. The physical therapy inter-

The working group recommends several measuring

ventions are primarily focused on improving activi-

instruments to evaluate the treatment by a multidis-

ties. These interventions usually consist of exercise

ciplinary stroke team (see table 14).

therapy, but can also comprise other physical applications such as electrotherapy, coaching and education.

C.2

As a rule, physical therapists are involved in the care

Evidence-based guidelines for
rehabilitation

and rehabilitation of patients with stroke from the

Two independent studies in the United States have

onset of stroke, and thus form an essential part of the

found that rehabilitation teams that adhere to evi-

multidisciplinary team. They are involved in all phas-

dence-based guidelines, in this case the Post Stroke

es of the recovery process and formulate short-term

Rehabilitation Guidelines, offer added value in terms

and long-term goals. After they have coordinated the

of ADL independence and quality of life for patients

treatment goals with the rest of the team, they con-

with stroke.74-76

sult with patients and their partners.

Furthermore, an association was observed between

Physical therapists must aim to treat patients with

these advantages and the degree to which the rehabil-

stroke in an evidence-based approach and have to

itation teams in the 11 participating hospitals

stay abreast of new developments in training and

adhered to the guidelines, with greater adherence

research in the field of

CVA.13

A CBO survey (1999) of

leading to better recovery in terms of ADL indepen-

neurologists employed by 118 general hospitals in the

dence and special ADL, as well as greater satisfaction

Netherlands showed that physical therapy as a profes-

among patients and partners.77 A remarkable finding

sion is strongly represented in stroke teams (86%).1

was that the observed effects were especially evident
in the post-acute phase (from 1 to 6 months after

Based on the above, the working group has

stroke) and that over the first 6 months, the effects

formulated the following recommendations:

improved by 5 to 7 percent compared to the natural
variance in recovery. Although it is unclear which fac-

(2) Stroke team (level 1)

tors are responsible for the added value of rehabilita-

It has been demonstrated that the treatment of

tion teams adhering closely to treatment guidelines,

patients with stroke in the acute or sub-acute phase,

positive associations were found with:

by a multidisciplinary stroke team, preferably in a

•

the use of a standardized intake procedure at each

•

continuous attention to the prevention of compli-

•

regular monitoring, preferably based on a proto-

specialized unit in a permanent location, has a positive effect on the chances of survival, the length of

patient’s admission;

hospital stay and ADL independence compared to
treatment in conventional treatment centres.

cations;
col, of changes in the clinical course over time;

Table 14. Measuring instruments to evaluate treatment by a multidisciplinary stroke team.
Core measuring instruments
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Optional measuring instruments

ADL

independence:

Extended ADL abilities:

-

Barthel Index

-

-

Frenchay Activities Index

Nottingham Extended ADL Index and/or
Frenchay Activities Index
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•

attending interdisciplinary consultations on a reg-

C.3

ular basis.

Several independent meta-analyses have found a posi-

Intensity of exercise therapy

tive relation between the intensity of patient exercise
Another CCT assessed the adherence of stroke teams to

(expressed as the duration and frequency of exercise)

treatment guidelines by means of questionnaire-based

and the speed and possibly also the extent of motor

pre- and post-tests.78 This study showed that adher-

recovery and ADL-independency.81-84 Two independent

ence varied widely between the different professional

systematic reviews demonstrated small, but statistically

groups. The structured interviews showed that the

significant effects of intensity of stroke rehabilitation,

obstacles to guideline adherence could mostly be

suggesting a significant association between the dura-

attributed to:

tion of the exercise therapy on the one hand and the

•

lack of a well-functioning multidisciplinary stroke

recovery of motor abilities and ADL independence on

team, mostly due to lack of structured interdisci-

the other, in favour of patients treated more intense-

plinary consultation;

ly.81,82 This relation seems to hold irrespective of the

•

unclear management structure;

neurological exercise method used. Additionally, a sen-

•

many personnel changes in the medical staff;

sitivity analysis has demonstrated that the effect sizes

•

high work pressure;

were increased when the difference in intensity

•

structural changes in the institution;

between the experimental and control groups was also

•

slow implementation of decisions within the insti-

taken into account.81 In other words: studies invol-

tution.78

ving greater treatment contrast have reported better
results.

Micieli et al. evaluated the degree of adherence to the
Guidelines for acute stroke of the Stroke Council of
the American Heart Association

(AHA).79,80

These

C.3.1

Scientific evidence (Intensity of exercise
therapy)

guidelines focus on general medical care, but also

Two systematic reviews,81,82 one critical review,85 19

include measures to prevent complications and to

RCTs,51,86-103

improve the formulation of rehabilitation goals.

into the effects of intensity of exercise therapy. The

and two CCTs104,105 have been conducted

Adherence of the treatment team to the AHA guide-

most important characteristics of these studies

lines was evaluated in a population of 386 patients

(including their methodological quality) have been

with stroke. Assessments at the time of discharge, as

summarized in the evidence table C.3 in Chapter I.2.

well as 3 and 6 months after the onset of CVA, demon-

Two follow up studies evaluated the effect of intensity

strated higher chances of patient survival when the

on functional recovery after 1 year.106,107

team adhered closely to the guidelines. With regard

Most of the studies had a pragmatic nature and stud-

to reduction of limitations, the association with

ied the added effects of a specific neurological exer-

adherence to the guidelines was only significant at

cise concept, such as PNF86 or NDT,95,97,99 or merely

the moment of

discharge.79

focused on the effects of additional training of a specific skill.89,94 In 12 of the 19 controlled stud-

Based on the above, the working group has

ies,15,87,89,90,92,93,95,97,98,100,101,103 the control group

formulated the following recommendation:

was also treated, but at a lower intensity. In 6
RCTs,86,88,91,96,99,102

the control group received no

(4) Evidence-based guidelines (level 3)

therapy and in 1 randomized study,94 the arm and leg

There are indications that adherence to evidence-

on the paretic side of patients in the control group

based guidelines by a multidisciplinary treatment

were immobilized by an air-splint for half of the treat-

team has a positive effect on the chances of survival,

ment time, to prevent active exercises. The 19 RCTs

the recovery of ADL independency and satisfaction

included 2530 patients with stroke.51,86-103 Since the

among hospitalized patients in the post-acute phase.

study by Slade et al.100 included not only patients
with stroke but also patients with traumatic brain
damage and other neurological disorders, such as
multiple sclerosis (MS), the present meta-analysis only
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included the patients with stroke from this RCT.100

functional recovery. To what extent this is also true

The study populations ranged from a minimum of

for rehabilitation of the paretic arm remains

2789 to a maximum of 466

patients.99 At

baseline,

unclear.93,94

the time that has elapsed since the onset of stroke
was on average 1 week51 to 4.7 years.88 This means

C.3.2

that the studies included patients from the acute or

The methodological quality of the studies included in

sub-acute,50,51,87,89,93-96, 101-103 post-acute86,90,92,99,100

our meta-analysis ranged from 486,90,91 to 898,102

and chronic88,91,98 phases.

points on the PEDro scale (which ranges from 0 to

The results of the randomized studies were evaluated

10)27 (see table 15), which means that the studies

on the basis of ADL rating scales. As shown in table 15,

were of reasonably good51,86-91,93,95,100 to

most studies used the Barthel Index (BI) or its modi-

good92,94,96-99,101-103 quality. Twelve of the 19 RCTs,

fied version.86-89,92-96,98-103 Other studies used other

however, involved no intention-to-treat analy-

ADL

sis,51,86-91,93-97 and in 9 RCTs a proper randomization

instruments, such as: the Functional

Independence Measure (FIM)91; the Recovery Locus of
Control Scale

(RLOC)97;

the Lehman

Evaluation (Intensity of exercise therapy)

ADL Scale51

or the

procedure86-91,93,100,101 was lacking. These findings,
and the fact that the researcher was not blinded in 4

Kenny Institute of Rehabilitation (KIR) scale.90 The

randomized trials, necessitate further study to assess

experimental groups, which were offered more inten-

the dose response relationship in exercise train-

sive therapy, on average received 959 minutes

ing.51,86,90,100

(around 16 hours) more exercise therapy from the

For our quantitative analysis, Slade et al. kindly pro-

physical therapist or occupational therapist than the

vided the data for the subgroup of patients with

control groups. However, there were differences

stroke (n = 87).100 Pooling of the 19 RCTs for ADL inde-

between the randomized studies with respect to (1)

pendence resulted in a small, but statistically signifi-

the amount of additional therapy, (2) the time that

cant fixed effect size in favour of the groups with a

elapsed between the onset of stroke and the start of

higher therapy intensity (SES 0.11; 95% CI: 0.03-0.19).

the intervention and (3) the purpose of the interven-

Converting this SES into a weighted percentage of

tion.

improvement yields an average improvement of 4.5

Some studies focused on gait

training,88,89

while oth-

percent in ADL independence. This corresponds to an

ers mainly focused on improving upper limb func-

improvement of about 1 point on the Barthel Index

tion87,93

or enhancing

ADL skills.92,99

The extra thera-

(which ranges from 0 to 20 points) (see also table 15).

py time that the experimental groups received during

Calculating the Spearman rank correlation coefficient

the intervention varied widely: from a minimum of

between the effect size on the one hand and the addi-

132 to a maximum of 6816 minutes.98,86 Added value

tional therapy time in the experimental groups on

of more intensive treatment was only found, howev-

the other resulted in a statistically significant positive

er, when patients received at least 1 hour of extra

correlation of 0.42 (p = 0.05) in favour of the studies

therapy during 16 working days, which indicates that

with the largest contrast in treatment time. This find-

a substantial amount of extra therapy is required. It is

ing supports the existence of a dose-response relation,

still unclear whether the frequency of exercising is

implying that the additional therapy time offered in

one of the factors that determine the effect, and

the experimental group is associated with better out-

whether the added value of more intensive exercise

comes on ADL ability scales. Differences were found in

also holds for the upper extremity.

relation to the phase of recovery that patients were in

The meta-analysis also demonstrates that the

when the interventions started. In the chronic phase,

improvements resulting from intensive rehabilitation

the (fixed) SES was calculated to be 0.06 (CI: -0.17-0.28),

are most evident during the first 6 months after the

whereas within the first 6 months after the onset of

onset of stroke.51,86,87,94 In the longer term (12

stroke, the (fixed) SES was 0.15 (CI: 0.06-0.23).88,91,98

months after the onset of stroke), no significant dif-

The effects found seem to be small and of a tempo-

ferences were found with respect to ADL independence

rary nature. The findings suggest that greater therapy

or quality of

life.51,94

This suggests that it is especially

early intensive rehabilitation which seems to improve
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Table 15. Intensity of exercise therapy.

(1) or (2) behind the name of an author means that the study included 2 experimental groups. Smith (1): intensive therapy versus routine therapy; Smith (2): conventional therapy versus routine therapy. Kwakkel (1): group: training lower extremity versus control group
(immobilization of paretic arm and leg by inflatable pressure splint); Kwakkel (2): group: training upper extremity versus control group
(immobilization of paretic arm and leg by inflatable pressure splint). Lincoln (1): group trained by assistant physical therapist versus
routine physical therapy; Lincoln (2): group trained by qualified physical therapist versus routine physical therapy. Parker (1): ADL therapy group versus control group; Parker (1): Leisure therapy group versus control group.
Study

SDE /SDC

ΔE-ΔC

ES

until discharge 31 / 31

10 / 10

9.7 - 8.3 = 1.4

0.14

-0.36 - 0.64

Modified ADL

3 months

46 / 22

14.1 / 13.7

6.99

0.62

0.10 - 1.14

Modified ADL

3 months

43 / 22

14.1 / 13.8

5.02

0.43

-0.08 - 0.95

Modified
Lehman-ADL

3 months

50 / 45

8.5 / 9.4

10.5 - 2.7 = 7.8

0.77

0.35 - 1.18

BI

6 months

65 / 67

6.0 / 5.19

0.54

0.09

-0.25 - 0.44

BI

3 months

49 / 45

3 / 2.8

-0.1 - (-0.3) = 0.2

0.07

-0.33 - 0.47

ADL-outcome

Duration of

NE /NC

gu

95%-CI

intervention

Stern et al.
1970
Smith et al. (1)
1981
Smith et al. (2)
1981
Sivenius et al.
1985
Sunderland et al.
1992
Wade et al.
1992
Richards et al.
1993
Werner et al.
1996
Logan et al.
1997
Feys et al.
1998
Kwakkel et al. (1)
1999
Kwakkel et al. (2)
1999
Lincoln et al. (1)
1999
Lincoln et al. (2)
1999
Walker et al.
1999
Partridge et al.
2000
Gilbertson et al.
2000
Parker et al. (1)
2001
Parker et al. (1)
2001
Green et al.
2002
Slade et al.
2002
Rodgers et al.
2003
Wellwood et al.
(2003, in press)
SES

36

(fixed model)

KIR-scale

BIambulation
FIM-MM

6 weeks

18 / 9

4.2 / 4.2

22.5 - 24.1 = -1.6

-0.46

-1.27 - 0.35

12 weeks

28 / 12

14 / 19

6.6-1.5 = 5.1

0.39

-0.29 - 1.08

BI

6 months

53 / 58

6/6

16-16 = 0

0

-0.37 - 0.37

BI

6 weeks

50 / 50

19.8 / 18

22.8-23.4 = -0.6

-0.03

-0.42 - 0.36

BI

20 weeks

31 / 18

3.49 / 3.88

10.3 - 8.75 = 1.55

0.49

-0.10 - 1.07

BI

20 weeks

33 / 19

3.86 / 3.88

10.43 - 8.75 = 1.68

0.52

-0.06 - 1.09

BI

5 weeks

93 / 47

5/6

6-6=0

0

-0.35 - 0.35

BI

5 weeks

94 / 48

4/6

6-6=0

0

-0.35 - 0.35

BI

6 months

94 / 91

3/3

1

0.33

0.04 - 0.63

RLOC

6 weeks

54 / 60

4.8 / 4.6

0.7 - (-0.1) = 0.8

0.16

-0.20 - 0.53

BI

6 weeks

67 / 71

2/2

1-0=1

0.49

0.15 - 0.83

BI

6 months

156 / 79

4/3

0-0=0

0

-0.27 - 0.27

BI

6 months

153 / 78

4/3

0-0=0

0

-0.27 - 0.27

BI

13 weeks

85 / 85

1.5 / 1.5

0-0=0

0

-0.30 - 0.30

BI

23.5 / 26.3

15.53 - 15.6 = -0.07

0

-0.42 - 0.42

BI

until discharge 47 / 40
85 days
6 weeks
62 / 61

3/3

4 - 5 = -1

-0.33

-0.69 - 0.02

BI

~ 10 weeks

3.3 / 3.1

4.8 - 5.8 = -1.0

-0.31

-0.78 - 0.16

0.11

0.03 - 0.19

35 / 35

1437 / 1093
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C.3.3

Conclusions (Intensity of exercise therapy)

C.3.5

It has been demonstrated that there is an dose-

Optional measuring instruments
(Intensity of exercise therapy)

response relation for exercise therapy in the first 6

The working group recommends several measuring

months after the onset of a CVA, with more hours of

instruments to evaluate the dose-effect relation (see

therapy leading to larger treatment effects, in terms

table 16).

of ADL independence. Further analysis suggests that
higher treatment intensity particularly influences the

C.4

speed of functional recovery, although this remains

Task and context specificity of
training effects

unclear after 6 to 12 months. It can be concluded

Training has a specific effect. This specificity of train-

that intensive therapy especially influences the speed,

ing effects can relate to the task itself (task specificity)

rather than the extent, of skills recovery. The

as well as to the environment in which this task is

observed differential effects of a more intensive treat-

being learned (context specificity). This section dis-

ment are relatively small in proportion to those of

cusses the significance of both forms of specificity for

less intensive forms of treatment (about 5 percent on

treatment.

the Barthel Index) and seem particularly valid for the
lower extremities. Since any patient is eligible for
rehabilitation, however, these small effects are never-

C.4.1

Task specificity (Task and context specificity of
training effects)

theless important from an epidemiological point of

After analysis of more than 150 randomized effect

view.

studies, it can be concluded from the literature that
the research on rehabilitation treatments can hardly be

C.3.4

Implications for treatment (Intensity of

generalized and that this kind of research is mostly

exercise therapy)

limited to examining those functions which are direct-

The duration and intensity of rehabilitation will have

ly trained during the treatment (specificity of treat-

to be determined for each individual case, in

ment effects).85,94,108,109 The use of facilitating and

consultation with the patient and the care providers

inhibiting techniques,110-112 EMG-feedback therapy113

involved (including the attendant neurologist and

and functional electro-stimulation114 has been found

rehabilitation physician). Based on the current state

to lead to improvement of the muscle activation pat-

of knowledge, the working group recommends

terns, whereas these effects do not result in improve-

treating patients with stroke in the acute or sub-acute

ment of ADL. Only a limited number of studies have

and post-acute phases several times every day if

reported generalization of effects to functional tasks

possible, and enabling them also to exercise outside

that were not directly trained during treatment, such

the therapy hours, if available facilities allow this.

as: (1) Cozean et al. on functional electro-stimulation

Assuming 1 hour of extra therapy time per working

combined with EMG-feedback therapy applied during

day, this means that in the first phase after stroke, the

sitting and walking115; (2) Powell et al. on electro-stim-

therapy has to be intensified in the first weeks post

ulation of the forearm116; (3) Winstein et al.117 on

stroke.

visual feedback therapy by practicing balance while
standing; (4) Hesse et al.118 and Visintin et al.119 on

Based on the above, the working group has

functional loading of the paretic leg during walking

formulated the following recommendation:

and (5) Dean et al.120 on standing up and sitting
down. Similarly, specific training of walking ability

(5) Intensity of exercise therapy (level 1)

appears to result in increased walking speed,89 while

It has been demonstrated that exercising intensively

specific training of reaching with an arm leads to an

several times a day (additional exercise hours) has a

improved maximum range.121 These findings suggest

positive effect on the speed of the recovery of abilities

that training has to be focused as much as possible on

compared to less intensive exercising. This is true for

learning (or re-learning) the abilities that are relevant

patients with stroke in the acute or sub-acute and

to daily living. Specificity of treatment effects also

post-acute phases. It is unclear to what extent these

means that we need to know what exactly patients

effects can also be obtained in the chronic phase.

learn when they improve one of their skills. This also
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Table 16. Measuring instruments to evaluate the dose-effect relation.
Core measuring instruments

Optional measuring instruments

Walking abilities:

Walking ability:

•

•

Functional Ambulation Categories

Rivermead Mobility Index

Walking speed:

Dexterity:

•

•

Action Research Arm test and/or

•

Nine Hole Peg Test

10-metre walking test

Dexterity:
•

Frenchay Arm test

ADL

independence:

•

Barthel Index

Extended ADL abilities:
•

Nottingham Extended ADL Index and/or

•

Frenchay Activities Index

means that, before interventions are used, the nature

Based on the above, the working group has

of the impaired movement coordination has to be

formulated the following recommendation:

understood more clearly.
(7) Context specificity of training effects (level 1)
Based on the above, the working group has

It has been demonstrated that, in the training of

formulated the following recommendation:

patients with stroke, familiarity with the environment (context) in which skills are learned positively

(6) Task specificity of training effects (level 1)

affects the learning of the skills, in the acute or sub-

It has been demonstrated that specific training of

acute, post-acute and chronic phases. If possible,

abilities in patients with stroke, such as standing bal-

patients with stroke should start to rehabilitate in

ance and reaching to grasp objects, has a positive

their own residential environment as soon as possi-

effect on the ability that is being trained, in the acute

ble.

or sub-acute, post-acute and chronic phases.
Generalization to other abilities that were not specifi-

C.4.3

cally trained during therapy, however, has so far rarely been demonstrated.

Optional measuring instruments
(Task and context specificity of training effects)

The working group recommends several measuring
instruments to evaluate the specificity of training

C.4.2

Context specificity (Task and context

effects (see table 17).

specificity of training effects)

The principle of specificity of treatment effects is not
limited to the actual movement itself, but is also

C.5

Neurological exercise methods or
treatment concepts

related to the environment (or context) in which the

Since the 1950s and 1960s, several neurological exer-

movement is performed.96,122

cise methods or treatment concepts have been devel-

Although there has hardly been any controlled

oped, such as the Bobath concept,124 Proprioceptive

research in physical therapy on the role of environ-

Neuromuscular Facilitation (PNF),125 the Brunnstrom

mental factors in acquiring skills, the above implies

concept126 and the Rood concept,127 all based on what

that the skills should be learned as much as possible

was then known about neurophysiology, cerebral orga-

in the patient’s own working and living environment.

nization and movement control. In the 1980s, the

According to some randomized studies, this could be

Johnstone therapy128, the Motor Relearning

an important reason why rehabilitation in the home

Programme (MRP)129 and recently the Perfetti130 and

environment is preferred over outpatient rehabilita-

Affolter131 methods were added. The literature recom-

tion, apart from the lower costs due to early support-

mends several neurological exercise methods for physi-

ed discharge.96,123

cal therapy which are claimed to be effective in the
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rehabilitation of patients with stroke.

ty) are summarized in the evidence table C.5 in

Like IBITA (International Bobath Instructors Training

Section I.2. Studies that used NDT as a control inter-

Association), the working group regards the Bobath

vention in research on relatively new treatment

concept as synonymous with Neuro Development

methods, such as Constraint-Induced Movement

Treatment

(NDT).132

Surveys among physical therapists

Therapy (CIMT), Body Weight Supported Treadmill

in Sweden,133 Australia,134 Japan and Great-

Training (BWSTT) and External Auditory Rhythms (EAR)

Britain135,136

were excluded. Nor were studies included whose pri-

demonstrated that the NDT concept is the

most commonly used concept in the treatment of

mary purpose was to examine the effect of intensity

patients with stroke. There are indications that more

on rehabilitation. The added value of these interven-

than 80 percent of Dutch physical therapists treat

tions is discussed in Chapters E and F of these guide-

patients according to the principles of the NDT con-

lines.

cept.137 It is only since the 1980s and 1990s that NDT

Randomized studies have compared several neurolog-

has been used as a control intervention in controlled

ical exercise methods. In 5 RCTs157,159,160,162,163 and 2

effect studies.138-141 Over the last two decades, basic

CCTs,164,165

the control group often received a treat-

research has led to a great deal of criticism on a num-

ment based on the NDT concept. Some studies com-

ber of important assumptions in the NDT concept, con-

bined the NDT concept with another exercise method,

cerning cerebral organization,142 musculoskeletal sys-

such as the Brunnstrom165 or Rood concept.160 The

tem control,142,143 pathophysiological explanations for

two experimental groups in the study by Dickstein et

symptoms such as spasticity and

paresis144-148

and

proximo-caudal development of motor recovery,149 as
well as their significance for

functionality.149-151

Partly as a result of this criticism and the fact that no

al. received a treatment based on the NDT concept and
respectively.164 In 1 RCT, the experimental group

PNF,

received a combination of a treatment according to
PNF

and one according to the Brunnstrom concept.90

differential effects were observed in controlled studies,

In 2 RCTs, the experimental group was treated using

treatment by physical therapists has become more

the Johnstone therapy161 and the sensory integration

eclectic, and proponents of NDT have become more

approach,158 respectively. The latter intervention is a

receptive to new scientific ideas that deviate from the

combination of the theories described by Bobath,124

old

assumptions.152

Rood127 and Ayres.166 In 8 of the 10 randomized
studies, the groups with which the interventions were

C.5.1

Scientific evidence (Neurological exercise

compared received conventional forms of treat-

methods or treatment concepts)

ment.90,158,160-165 In the randomized study by

So far, 1 systematic
108,140,141,154-156

review,153 6

critical reviews,

8 RCTs90,157-163 and 2 CCTs164,165 have

Basmajian et al.,157 the control group received an
(EMG-based) biofeedback treatment, and in the RCT by

been conducted on the effectiveness of neurological

Langhammer and Stanghelle,159 the control treat-

exercise methods. The most important characteristics

ment was based on the principles of MRP.

of the studies (including their methodological quali-

In total, 605 patients with stroke were included in the

Table 17. Measuring instruments to evaluate the specificity of training effects.
Basic measuring instruments

Optional measuring instruments

Walking speed:

Dexterity:

• 10-metre walking test

• Action Research Arm test and/or
• Nine Hole Peg Test

Dexterity:
• Frenchay Arm Test

Extended ADL abilities:
• Nottingham Extended ADL Index and/or

ADL

independence:

• Frenchay Activities Index

• Barthel Index
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8 RCTs90,157-163 and 2 CCTs.164,165 The study popula-

Patel et al., which compared treatment in two stroke

tions ranged from 18161 to 196164 patients. At the

units.167 Patients from the unit with impairment-ori-

start of the study, the time that had elapsed since the

ented rehabilitation had a longer average stay (19

onset of stroke was 13 days163 to 4.8 years160, which

days) than patients from the other stroke unit, using

means that the patients were in the acute or sub-

activity-orientated rehabilitation.167

acute159,162-164, post-acute90,157,158 or chronic160

In view of the large differences in patient characteris-

phase of

stroke.165

tics relative to recovery patterns (heterogeneity), in

The treatment duration varied from several weeks162
to

months163

for clinical as well as outpatient treat-

ment. Treatment was given once or twice a day, and
lasted

30164

to

9090,160 minutes.

In only 4 of the 10

randomized studies were significant differential
effects observed at the activity

level.159,162,164,165

both the control and experimental groups, it is difficult to prove differences between the groups. Because
of this heterogeneity, several researchers have examined the effects of neurological treatment methods
per patient (instead of comparing between groups of
patients). This was usually done by systematically

Mudie et al. demonstrated that in the first 2 weeks,

alternating several interventions (at random) in time,

the NDT approach led to a more symmetrical weight

using a single-subject design or an alternating-treat-

distribution while sitting than in 2 control groups

ment design.168,169 These studies found no difference

that received visual feedback training on a balance

in the effects of the treatment methods either. In the

platform or received no therapy.162 After 12 weeks,

study by Wagenaar et al., 16 patients were treated in a

however, results regarding symmetry were better in

BCBC

the group receiving visual feedback. Lord and Hall

according to Brunnstrom.168 Only 1 patient showed a

design: 5 weeks according to NDT and 5 weeks

had patients perform 13 ADL tasks, and found that the

higher walking speed when the therapy according to

patients in the experimental group, which were treat-

Brunnstrom was being applied.168 The findings of

ed with neuromuscular re-education (based on neuro-

both the RCTs and the studies using the patients

muscular techniques), improved their eating skills

themselves as controls to compare the various treat-

compared to the patients in the control group, who

ment concepts show that none of the neurological

were treated with conventional therapy.165 In the RCT

exercise methods leads to a differential effect at activ-

by Langhammer and Stanghelle, the patients in the

ity level. A number of systematic literature reviews

MRP

group showed significantly better performance of

support this conclusion.108,140,141,154-156,170,171

functional activities 2 weeks after the start of the

Nevertheless, these literature reviews conclude that

treatment than those in the NDT group.159 However,

the absence of differential effects does not mean that

these differences had disappeared after 3 months. It

exercise methods have no positive effect on the func-

should be noted that the NDT group had poorer motor

tional recovery of patients with stroke, since for ethi-

test scores at baseline than the MRP group (although

cal reasons, none of the studies reported in the litera-

the difference was not significant).159

ture included a real control group, i.e. a group

Dickstein et al. found a temporary effect on walking

receiving a placebo treatment or no treatment. It is

ability after 2 and 4 weeks during the experiment.

also important to note that the above-mentioned

The group receiving conventional therapy was able to

exercise methods have developed further over the

walk sooner than the PNF group and especially than

years.132 Hence, the original treatment concepts are

the

NDT-group.164

After 6 weeks, this difference

no longer practiced in many treatment centres, hav-

between the 3 groups had disappeared.

ing been replaced by eclectic approaches which, after

Finally, Langhammer and Stanghelle found that the

the objectives of treatment have been defined, offer

length of stay for patients treated with NDT was signif-

therapists the freedom to decide for themselves how

icantly longer (13 days) than for patients treated with

to achieve these objectives. The approach depends on

MRP.159

the available evidence for a particular type of therapy,

This finding suggests that concepts which

regard spasticity as undesirable and characterize syn-

regardless of the prevailing assumptions of particular

ergy movements as pathologic have a negative influ-

neurological exercise methods.170

ence on the functional recovery rate of patients with
stroke. This is in line with the findings of a CCT by

40

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

C.5.2

Evaluation (Neurological exercise methods or

of reference for understanding the deviating move-

treatment concepts)

ments of hemiplegic patients, which are seen as path-

The methodological quality of the 10 included trials

ological.40,172,173 An interdisciplinary approach to the

varied from 3 to 6 points on the PEDro scale (which

specific rehabilitation goals, based on an eclectic

ranges from 0 to

10).27

The quality of the randomized

trials can therefore be classified as ranging from
poor158,160,164

to

good.159

approach to neuro-rehabilitation, currently seems the
best choice for treatment.

The working group criti-

cized (1) the lack of an intention-to-treat analy-

Based on the above, the working group has

sis90,157-165

formulated the following recommendations:

and (2) an incorrect randomization proce-

dure.90,157-165 Additionally, the researchers were not
blinded in 6 of the 10 randomized trials.90,160,161,

(8) Neurological exercise methods or treatment

163-165

concepts (level 1)

Since comparable outcome measures were lack-

ing, statistical pooling of the individual effect sizes

It has been demonstrated that none of the current

was impossible.

neurological exercise methods or treatment concepts
offers any added value at the activity level compared

C.5.3

Conclusions (Neurological exercise methods or

to any of the other neurological exercise methods for

treatment concepts)

patients with stroke.

None of the currently used specific neurological exercise methods, including those based on the NDT con-

(9)

cept, have been found to offer any added value at the

There are indications that strictly following the basic

NDT

concept (level 3)

activity level in the treatment of patients with stroke

principles of the NDT concept may delay recovery of

compared to any of the other neurological exercise

ADL

methods. It is assumed that every treatment method

admission period.

independence, which may result in a longer

has a positive effect on functional recovery. Strictly
following the neurological treatment concepts might

C.5.5

possibly delay recovery. The findings of three inde-

Optional measuring instruments
(Neurological exercise methods or treatment

pendent controlled studies make it likely that the

concepts)

length of stay is reduced when abilities are directly

The working group recommends several measuring

trained as part of the treatment.

instruments to evaluate the effectiveness of various
neurological exercise methods or treatment concepts

C.5.4

Implications for treatment (Neurological

(see table 18).

exercise methods or treatment concepts)

Despite the fact that none of the treatment methods

C.6

offers any evident added value compared to any of

Physical therapy researchers have different views on

the others, the working group recommends the use of

how motor learning is achieved. For an overview see

eclectic forms of treatment, focusing on actually

Shumway Cook & Woolacott174 and Smits-Engelsman

learning functional skills. When patients with stroke

& Halfens122. The most important theoretical models

are strictly treated according to neurological treat-

are:

ment methods, this appears to delay recovery. An

1. the reflex theory (Charles Sherrington, 1906);

important consideration in the treatment is to what

2. the hierarchic model (Hughlings Jackson);

extent attempts to avoid synergy formation and to

3. the motor programme theory (Wilson, 1961);

increase muscle tone, the utilization of spasticity and

4. the system theory (Nicolai Bernstein, 1967);

attempts to improve symmetry in certain abilities,

5. the dynamic action theory (Kelso and Tuller

such as standing, have to be considered essential in

Motor learning principles

1984);

the physical therapy treatment of patients with

6. the ecological theory (James Gibson, 1966);

stroke. In this context, it is also being debated when

7. process-oriented models (van Galen, 1991).

and to what extent normality (the movements of
healthy subjects) can be regarded as a suitable frame
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cise methods, like the NDT concept, Brunnstrom and

theory (also known as action theory) has proved very

Johnstone, have based their theory on the concepts

useful for cyclic (continuous) movements, like walk-

prevailing at the time, such as the reflex theory and

ing, as it helps to understand the abnormal move-

hierarchic theories of motor learning, while concepts

ments in terms of the stability and flexibility of

developed later, like the dynamic system theory and

movement patterns. This model is less useful, howev-

the ecological theory, have hardly been integrated in

er, for single or discrete actions, such as getting

routine physical therapy.

dressed or throwing a ball, where the programme the-

It is particularly the lack of basic knowledge about the

ory works much better. Similarly, the ecological theo-

nature of coordination disorders and about the pat-

ry, which is based on an understanding of the interac-

terns underlying movement behaviour that has in the

tion between task and environment, appears to be

past decades led to many, often conflicting neurologi-

more useful when the intention is to manipulate the

cal treatment concepts. What is especially needed is

environment in order to make movements easier or

more insight into the relation between the altered

harder. An example is adjusting the height of a chair

movement control in patients with central paresis (or

when a patient has problems standing up.

certain other disorders) and the environment in

The above indicates that motor learning theories can

which the movement is performed.40,175

help improve our understanding of daily activities of

Biomechanically controlled research in patients with

patients with stroke. The actual added value this

a paresis of the upper limb has shown, for instance,

knowledge offers for patient treatment has so far

that when reaching for an object with one hand,

hardly been examined.174,176,177 Furthermore, the

patients subdivide the movement into parts which

possible advantages of such a theory-guided approach

are performed sequentially in

time.173

The more dis-

tally situated joints, such as the elbow and hand, are

to learning motor skills have only been studied in
healthy persons.

as it were fixed within the synergistic flexion position
at an early stage of the reaching movement. The most
important advantage of this is that it is the less paret-

C.6.2

Elements for effective exercise (Motor
learning principles)

ic shoulder and trunk muscles which control the

Rehabilitation must consist of tailor-made care, for

transport of the hand to the object to be grasped.

which functional treatment goals have to be specified

This avoids problems such as those of the proper tim-

as precisely as possible, since the effects of exercise

ing for opening the hand. The question is whether

therapy are specific. In addition, exercising will only

this ‘deviant' movement strategy, in which the

be effective for a patient if the rehabilitation pro-

patient subdivides complex movements and makes

gramme includes all elements that enable them to

use of available flexion synergy, has to be regarded as

learn motor skills. What this means in practice is that

pathological.173 After

the exercises should be neither too easy nor to diffi-

all, the task is made much easier

by segmenting the movement in time and by using

cult. It is important that the physical therapist

the available movement synergy, because of the

designs the sequence of exercises in such a way as to

smaller number of degrees of freedom that have to be

tie in with the available repertoire of movement

controlled

simultaneously.172 Likewise,

patients who

options, while still allowing the patient to control the

improve their walking speed appear to benefit more

action. The exercises will often test the limits of

from the non-paretic than the paretic side of their

patients’ capabilities. Apart from the fact that effec-

body as they increase their walking speed.106

tive learning only occurs when there is actually something to learn for the patient, the exercise programme

C.6.1

Choice of model (Motor learning principles)

will have to include sufficient repetition, but not at

The above-mentioned views offer no conclusive

the expense of the natural variation in a movement

explanation for the abnormal control of movement

(the so-called repetition-without-repetition princi-

in patients with stroke. It is plausible, however, that

ple).178 At the same time, the physical therapist will

the applicability of a particular motor learning model

have to see to it that the patient is sufficiently

is strongly determined by the characteristics of the

informed about the performance and outcome of the

task to be learned. For instance, the dynamic system

movements they are learning (feedback). The pre-
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Table 18. Measuring instruments to evaluate the effectiveness of various neurological exercise methods or treatment
concepts.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Synergy formation:

•

•

Motricity Index (lower and upper extremities)

Brunnstrom Fugl-Meyer Assessment
(Lower and upper extremities)

Balance:
•

Trunk Control Test and/or

Stiffness in passive movement:

•

Berg Balance Scale

•

Modified Ashworth Scale (elbow and knee)

Dexterity:

Balance:

•

•

Trunk Impairment Scale and/or

•

Timed Balance Test

Frenchay Arm Test

Walking ability:
•

Functional Ambulation Categories

Walking speed:
•

10-metre walking test

ADL

independence:

•

Barthel Index

Dexterity:
•

Action Research Arm test and/or

•

Nine Hole Peg Test

Walking ability:
•

Rivermead Mobility Index

Extended ADL abilities:
•

Nottingham Extended ADL Index and/or

•

Frenchay Activities Index

ferred form (visual or auditory), timing and frequency

environment can offer important opportunities to

of such feedback depends very much on the nature

systematically manipulate the exercises, so that the

and complexity of the movement being learned. Nor

movement can be simplified or made more compli-

does the literature clearly show whether a movement

cated. An example is picking up a cup filled with

should be subdivided into segments or whether is it

water instead of an empty one. Another example

better to learn it as a whole. The working group rec-

involves offering two different conditions for reach-

ommended subdividing the motor actions involved

ing with the affected arm, one involving a real coin

in complex multiple movements, such as getting

and the other an imaginary coin, which has to be

dressed, which rely heavily on declarative learning,

picked up from the table and placed in the other,

whereas automatic activities that have to learned

non-affected, hand, an exercise that appears to offer

(such as walking) should not be taught in segmented

important added value.179

form.174
Procedural learning of movements that are normally

C.6.3

performed automatically will focus on the actual per-

Due to the lack of controlled studies into the effects

formance of the movement, whereas declarative

of offering Patients with stroke different motor learn-

learning focuses more on the result of the movement.

ing strategies, it remains unclear how patient rehabili-

Coaching and giving positive feedback (or rewarding

tation can be optimized. Current concepts are still

by means of incentives) are known to be important

purely theory-driven. If therapy is to be tailored more

ways to increase a patient’s motivation to learn, while

closely to patients’ abnormal movement coordina-

performing activities in a meaningful environment

tion, we need more knowledge on what patients actu-

will also offer added value to the patient. Such an

ally learn. Only then can questions be addressed on
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the way the learning process should be designed. In

tion, while maintaining enough variation (repetition-

this context, the as yet largely unexplained solution

without-repetition principle). Patients need to get

strategies that patients choose themselves, that is, the

regular feedback on the performance and results of

strategies they use to cope with their impairments

their actions, which may involve verbal or non-verbal

and limitations, should be regarded as adaptive rather

feedback to the patient.

than as pathologic.
The evidence level on motor learning is based on

Based on the above, the working group has

research that was not performed among patients with

formulated the following recommendation:

stroke. Since there have been no controlled effect
studies into the added value of motor learning theo-

(10) Motor learning (level 3)

ries for patients with stroke, the recommendation is

There are indications that functional exercise therapy

assigned an evidence level of C.

in an environment that is as relevant as possible to
the patient (i.e., task- and context-specific) has posi-

C.6.4

Implications for treatment (Motor learning

tive effects on the skills that have to be learned.

principles)

Elements of sufficient repetition as well as variation

The working group recommends that physiothera-

(repetition-without-repetition) appear to be impor-

pists should take all the elements currently known to

tant conditions for an effective learning process.

be involved in effective motor learning into account
in the rehabilitation of patients with stroke. This

C.6.5

means that the tasks to be learned have to be mean-

Optional measuring instruments
(Motor learning principles)

ingful to the patients. The exercises have to be offered

The working group recommends several measuring

at a level of difficulty that is just feasible for the

instruments to evaluate the effectiveness of motor

patients (at the limits of their ability). Finally, the

learning (see table 19).

exercise programme has to include sufficient repeti-

Table 19. Measuring instruments to evaluate the effectiveness of motor learning.
Optional measuring instruments

Core measuring instruments
Dexterity:

Dexterity:

•

•

Action Research Arm test and/or

•

Nine Hole Peg Test

Frenchay Arm Test

Walking speed:

44

•

10-metre walking test

Extended ADL abilities:
•

Nottingham Extended ADL Index and/or

ADL

independence:

•

Frenchay Activities Index

•

Barthel Index
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D – Immobilization Phase

pulmonary embolism or sepsis.183,185,187-189 Many of
these patients die in the second or third week after

D.1

Definition of immobilization

the onset of stroke.183,189 However, a study by the

Depending on the type of CVA, the stability of the

Lausanne Stroke Registry, including 3362 patients

clinical neurological status and the complications, it

with stroke, found much lower incidence figures.190 It

is in some cases inadvisable to get the patients out of

is therefore possible that the prevalence of complica-

bed (mobilized) immediately (within 72 hours after

tions in patients with stroke has been decreasing in

the onset of a CVA). This bed-bound (immobilization)

recent years. In any case, intensive specialized medi-

period can last from several days to many weeks. This

cal, nursing and paramedical care is necessary in this

phase can be defined as one in which the medical

period.187,189,191,192

policy is aimed at keeping the patient in bed. In

The objective of medical or paramedical care is to pre-

many cases, even exertion and stress have to be

vent and combat complications such as broncho-

avoided while staying in bed. This medical policy

pneumonia, whether or not caused by aspiration,

greatly limits the treatment options available to the

deep vein thrombosis, contractures, pressure sores

physical therapist.

and pain, all largely the result of immobilization.185,189 Care is based on the assumption that a

D.2

Prognosis and natural course in
the immobilization phase

proper positioning of the paretic leg and paretic arm
during the period that the patient stays in bed nor-

Longitudinal research has demonstrated that 30 to 40

malizes the muscle tone and therefore has a favour-

percent of the patients with a cerebral haemorrhage

able effect on recovery.124,193,194 Although no effect

die within 48 hours after the onset of

stroke.180-183

For patients with a cerebral infarct, mortality peaks at
the end of the first week after

stroke.180,182,183

The

studies research into this assumption have so far been
done, it is assumed that a proper positioning in bed
can avoid point pressure on certain parts of the body

difference in mortality peak between patients with an

and unnecessary stress on the musculoskeletal sys-

ischemic CVA and those with a non-ischemic CVA can

tem. It is also known that regularly changing the

be explained by the expansive character of the intra-

patient’s position in bed can prevent or alleviate pos-

cerebral haematoma in patients with haemorrhagic

sible complications.1,193 Physical therapists have an

strokes, versus the oedema formation that accompa-

important advisory role in determining the proper

nies a cerebral

infarct.183-185

In a closed space, such as

position in bed.

the skull, the faster and greater volume increase asso-

The literature offers clear indications that many of

ciated with a haematoma in comparison to the

the complications which are inherent to lying in bed

(vasogenous) oedema after cerebral infarction will

can be avoided by starting rehabilitation as soon as

lead to an exponential increase in intracranial pres-

possible.47,67,195 Research also shows that this can

sure.186 Depending on the location and extent of the

lead to earlier discharge or referral.196 It is also

expansion (supratentorial or infratentorial) this may

assumed that an early start of rehabilitation affects

damage the brainstem due to a trans tentorial herna-

the well-being of the patient’s partner.191,195,197 is the

tion of inferior part of the temporal lobe. This

working group thus recommends to keep the period

expresses itself in a reduced level of consciousness,

of immobilization as short as possible. The view that

development of a Cheyne-Stokes breathing pattern

intensive monitoring and treatment can help to

and eventually extension spasm of the arms and legs

avoid many of the complications in patients with

and loss of pupil reflexes.

stroke, has in the 1970s led to the development of

Depending on the patient’s age and the type, localiza-

specialized centres or stroke intensive care units. In

tion and size of stroke, and depending on pre-existing

the 1970s and early 1980s, comparative research on

disorders, many patients will have extra-cerebral com-

the effectiveness of such stroke intensive care units

plications during the acute stage of stroke, which in

relative to that of the care provided in traditional

some cases may be life-threatening.182,185,187 A rela-

hospitals demonstrated no statistically significant dif-

tively large part (20-40%) of patients with stroke die

ferences with respect to mortality during the first

of extra-cerebral complications, such as cardiac arrest,

three to four weeks after the onset of a CVA.1,185,198
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The fact that no positive effects were found in stroke

tors).187 Since physical therapists are in close contact

intensive care units should not be confused with the

with the patients, often several times a day, they can

positive findings of the Stroke Units Trialists’

play an important monitoring role in identifying pos-

Collaboration, which recently studied stroke units

sible complications. In some cases, physical therapists

wards.11,46

It is possible, for

can advise other members of the team about these

instance, that the positive effects of stroke unit treat-

complications, or treat them. Secondary complica-

ment on mortality and morbidity can be explained

tions in the acute phase do not always occur at the

from the fact that fewer complications such as infec-

same point in time. The risk of pulmonary infection

tions of the pulmonary tract and deep vein thrombo-

will be the highest in the first two weeks after the

sis (DVT) occur in the first weeks after the onset of a

onset of CVA.187 In many cases, such pulmonary infec-

and stroke rehabilitation

CVA.

tions are caused by a simultaneous dysphagia (silent

Physical therapists have an monitoring function in

aspiration). A number of complications are described

this phase, because they see the patients every day.

in further detail below.

D.3

D.3.1

Diagnostics and care of
complications in the
immobilization phase

Fever in the immobilization phase

It is estimated that 30 to 40 percent of the patients
with stroke develop a fever in the acute phase.1,189,200

About a quarter to a third of the patients have a

Apart from a possible central deregulation of temper-

reduced level of consciousness at admission (< 48

ature, the most important causes of the rise in body

hours after the onset of stroke).183,199 A reduced level

temperature are extracerebral complications such as

of consciousness, or a low score on the Glasgow

urinary tract infections (16%), bronchopneumonia

Coma Scale (GCS), is accompanied by a higher risk of

(12-28%) and deep vein thrombosis

complications.187

(3-39%).183,185,187,201 Assessment of the cause of the

Risk factors for complications after

a CVA include:

temperature rise (central or extracerebral) is an impor-

1. advanced age;

tant first step. Cohort studies have demonstrated that

2. atrial fibrillation;

the risk of developing fever is related to the level of

3. urinary incontinence;

consciousness, hyperglycaemia, the size of the cere-

4. pre-existing physical limitations;

bral infarct and the patient’s age.200-202 The severity

5. co-morbidity;

and duration of the fever are seen as independent,

6. type of CVA;
7. length of stay over 30

negative factors that increase the risk of
days.187

death.189,200,202 Research in 390 patients with stroke
has shown that every degree of temperature rise is

Massive hemispheric CVAs resulting from cerebral

associated with a 2.2 increase in the relative risk of

infarction or cerebral haemorrhage are more likely to

death.202 Animal experiments have demonstrated

lead to

complications.187

Secondary complications

that any temperature rise is associated with aggravat-

frequently encountered after a CVA are:

ed cerebral damage, partly as a result of changed per-

1. fever;

meability of the blood-brain barrier and aggravated

2. respiratory tract infections;

inflammatory reaction.203,204 In laboratory animals,

3. urinary tract infections;

cooling of the brain by 2 or 3 degrees seems to reduce

4. pressure ulcers;

the magnitude and severity of the cerebral damage

5. pain;

considerably. No controlled studies on the effects of

6. deep vein thrombosis (DVT);

hypothermia in patients with stroke are known.

7. epileptic seizures.

Positive effects of anti-fever therapy (antipyretics)
have been demonstrated in a quasi-randomized trial

Prospective research has shown that complications,

by Ronning and Guldvog.205 In this trial, patients

such as infections of the urinary or respiratory tract,

admitted to a stroke centre and suffering from fever

deep vein thrombosis and pressure ulcers, can also be

or infection were given more antipyretics, antibiotics

diagnosed by paramedics (who are not trained as doc-

and parenteral nutrition than patients admitted to a
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non-specialized ward.205 The results suggest that it is

lowing reflex, insensitivity of the pharyngeal wall et

advisable to reduce any fever quickly (using anti-

cetera.211,215 Major statistically significant relations

pyretics). In cases with extremely high fever (over

have been found between dysphagia and the neuro-

39°C), the working group recommends reducing the

anatomical localization of stroke, as well as with clin-

temperature with the help of a cooling mattress or

ical factors such as the level of consciousness (as mea-

description of aspirines. Some anti-decubitus beds

sured with the Glasgow Coma Scale), ADL

(for example the Clinitron bed) offer the option of

independence (measured with the Barthel Index),

adjusting the temperature of the air supplied, which

severity of hemiplegia (measured with the Motricity

also allows the body to be cooled. Physical therapists

Index) and the presence of facial paralysis.211

have a monitoring function with regard to fever as a

There are indications that all patients should be

complication.

screened for dysphagia before they are given food by
mouth, for example by means of a simple water swal-

D.3.2

Respiratory tract infection in the

lowing test.2,214,216,217 This screening, usually by a

immobilization phase

speech therapist, has to be performed as early as pos-

It is estimated that 15 percent of all patients with

sible after admission, before the patient is allowed to

stroke develop bronchopneumonia, which in one

drink or eat.76 Examination by a speech therapist is

third of this subgroup eventually leads to

death.187,189

necessary for every patient suspected of dysphagia.1

The National Institute of Neurological Disorders and

There will always consultations between the speech

Stroke (NINDS) estimates that about half of the patients

therapist and the dietician.1,214 A more sensitive and

with a reduced level of consciousness will develop

specific method to diagnose dysphagia is video-fluo-

broncho-pulmonary

complications.206

The high per-

roscopic assessment.211,216-218 Fluoroscopy using

centage of bronchopneumonia among patients with

small quantities of contrast agent of the desired con-

stroke is explained by the fact that many of them suf-

sistency allows the patho-physiology of the pharynx

fer from dysphagia. The percentage of patients with

to be examined, as well as the direct effect of swal-

stroke with dysphagia is unclear and is estimated at

lowing compensations. Unlike in America, Dutch

30 to 70 percent, varying from 28 percent in patients

hospitals apply such investigations only in the sec-

with a supratentorial

stroke189,207,208

to 67 percent in

ond instance, when the speech therapist needs addi-

patients with a brainstem CVA.209 In a large number of

tional diagnostic information for prognosis and treat-

patients (about 50 percent), these swallowing prob-

ment. The swallowing disorders can be more

lems remain unnoticed (silent aspiration).210-213 This

specifically classified based on the moment at which

means that patients have to be screened explicitly for

the aspiration occurs during swallowing, e.g. during

dysphagia immediately after admission.1,2 Screening

the oral, pharyngeal or oesophageal phase.215 Each

for dysphagia can best be based on a water swallow-

variety of dysphagia requires a specific treatment

ing test, which is usually administered by a speech

strategy.215 Physical therapists have a monitoring

therapist or a

nurse.2,214

function with regard to symptoms pointing to dys-

It is still unclear, however, if dysphagia is the only

phagia, such as indications of aspiration and the

explanation for the high prevalence of bronchopneu-

resulting pulmonary problems. Any such symptoms

monia in patients with stroke. Prospective studies has

need to be reported to the speech therapist in atten-

shown that patients with stroke with a severe form of

dance.

hemiplegia develop restrictive pulmonary dysfunction as a result of paresis of the respiratory muscles.
This reduces patients’ ability to deepen their respira-

D.3.3

Pressure ulcers in the immobilization
phase

tion voluntarily and to cough forcefully. Eventually,

So far there has been little research into the preven-

the diminished movement range will decrease the

tion of pressure ulcers (bedsores, decubitus ulcers) in

mobility of the thoracic wall and increase stiffness,

patients with stroke. The only epidemiological study

causing restrictive pulmonary dysfunction.

providing information on this topic is the National

Dysphagia may have several causes, such as a reduced

Survey of Stroke in the United States. In this study

motor function of the tongue, absence of the swal-

signs of decubitus ulcers were seen in 14.5 percent of
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patients with stroke.206 The findings also indicated

die as a result of a pulmonary embolism.183,189,198

that comatose patients were significantly more likely

According to plethysmographic research, 23 to 75

to develop pressure ulcers than non-comatose

percent of all untreated patients with stroke have

patients with stroke.206 It is assumed that improved

DVT.189,221-223

prevention of pressure ulcers with specially developed

rates can be explained by differences in the diagnostic

materials such as alternating pressure mattresses or

criteria, the time of assessment and patient character-

Clinitron beds has greatly decreased the incidence of

istics. If the diagnosis of DVT is only based on clinical

pressure ulcers over the last ten years.

signs, less than 5 percent of all patients with stroke

Physical therapists play an important role in identify-

appear to develop DVT.223 The difference indicates

ing factors that increase the risk of pressure ulcers,

that in most cases, DVT remains clinically unnoticed.

such as reduced level of consciousness, malnutrition,

The most important clinical symptoms of the pres-

incontinence and diabetes mellitus. Physical thera-

ence of a DVT are:

pists also play a role in identifying the first signs of

1. pain in the calf;

pressure ulcers.

2. increased pain in the calf or back of the knee

The variation in reported DVT incidence

upon passive dorsiflexion of the foot with the
D.3.4

Pain in the immobilization phase

patients with stroke frequently report pain just after
admission. The causes of this pain may vary and need
to be examined further. It is necessary to distinguish

knee in flexion (Homans sign);
3. swelling (pitting oedema) of the foot and/or lower
leg;
4. fever.220,222

between central pain syndromes, such as the thalamic pain syndrome, and pain of peripheral origin. It is

The combination of paresis and immobility increases

estimated that 8 percent of the patients have a central

the risk of DVT. The relative risk for developing DVT is

pain

syndrome.219

Another common source of pain is

hemiplegic shoulder pain (HSP). In the acute phase,
HSP is

found in 4 to over 40 percent of

CVApatients.187

five times less for patients who are able to walk at
least 15 m in comparison to patients who are immobile or hardly able to walk.223

Large differences in reported prevalence numbers are

For the time being, no associations have been found

especially due to the use of different definitions.

with age, obesity, duration of bed-bound status and

Many patients have pre-existing disorders of the mus-

severity of the paresis.189 DVT is known to occur 7 to 8

culoskeletal system.

times more often in the paretic leg than in the non-

It is assumed that during the period of immobiliza-

paretic leg.1 Nevertheless, early mobilization (getting

tion, HSP can in most cases be prevented by a correct

the patient out of bed within 72 hours after admis-

position in the bed and thus a proper positioning of

sion) is considered an important instrument to

the shoulder and arm. Physical therapists play an

reduce the risk of DVT. Since there are no indications

important role in identifying HSP and glenohumeral

that preventive passive mobilization of the legs can

subluxation, and have an advisory role in the treat-

prevent DVT, the role of the physical therapist with

ment team. Physical therapists can offer advice on

respect to DVT is limited to monitoring. Patients will

the best position in bed and on the best way to make

have to be screened for DVT by a physical therapist or

transfers in bed without placing unnecessary load on

other care provider immediately after admission, and

the shoulder. See Section F.14 for treatment of the

screening must continue as long as they remain

hemiplegic shoulder.

immobilized.178 The diagnosis of DVT can only be
confirmed by laboratory tests such as venography,

D.3.5

Deep vein thrombosis in the

impedance plethysmography (IPG), Duplex Doppler

immobilization phase

assessment or x-ray imaging of the leg veins after

A common complication in patients with stroke in

injection of a contrast agent into a vein in the

the immobilization phase is deep vein thrombosis

patient's foot (phlebography).222 IPG and Duplex

(DVT).1,220 DVT is an important cause of pulmonary

Doppler assessment are preferred because of their sen-

embolism and therefore increases the mortality risk

sitivity, specificity and the minor inconvenience to

indirectly. About 10 percent of all patients with stroke

the patient.222
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D.3.6

Epileptic seizures in the immobilization

Haemorrhage is hereafter referred to as a cerebral hae-

phase

morrhage, while an ischaemic infarction is referred as

Epileptic seizures form an important complication

a cerebral infarct.

after a CVA.2 Epileptic activity is found in about 10

The period of immobilization may last anywhere

percent of the patients with

stroke206,224,225

and is

from several days to many weeks. The literature offers

thought to be more frequent in haemorrhagic than
non-haemorrhagic

CVA.210

A large observational study

clear indications that an early start of rehabilitation
(at least within 72 hours) reduces the risk of extrace-

in 1640 patients during the first 15 days after the

rebral complications, and that functional recovery

onset of stroke found a relation between the type of

benefits from this rehabilitation.1,11,46,227 Research

CVA

and the occurrence of epileptic seizures.226 The

average percentage of epileptic seizures was

5.4.226

findings suggest that this may lead to earlier disIt

charge or referral.196 The current view is that many of

is especially during the first weeks after the onset of

the physical complications in the acute stage after

stroke that specific attention has to be given to most-

stroke, such as pressure ulcers, declining physical

ly local twitching (myoclonus), so that timely preven-

condition and mental changes, like retardation and

tive measures can be taken. Anti-epileptics can in

depression, can be significantly prevented by mobiliz-

most cases prevent generalized seizures (grand mal) or

ing the patient at an early stage (at least within 72

even epileptic status. The epileptic seizures in the

hours) and by starting the rehabilitation programme

acute phase are probably caused by a disturbance in

as soon as possible.1,11,46,191,227 It is also assumed that

the electrolyte balance, the acid-base balance and the

an early start of rehabilitation has a positive effect on

oxygen supply to the brain. Seizures during the first

the patient’s partner.191,197 Hence, the working group

week after the onset of a CVA usually have a favour-

recommends keeping the period of immobilization as

able prognosis, and a limited risk of recurrence. By

short as possible.1,2,9,13

contrast, epileptic seizures that first manifest themselves after a few weeks carry a greater risk of recur-

Based on the above, the working group has

rence, probably as a result of the development of scar

formulated the following recommendation:

tissue in the brain.224 There are indications that some
reticence in administering anti-epileptics is required

(11) Early start of rehabilitation (level 3)

in the case of a first epileptic seizure in the acute or

There are indications that starting rehabilitation as

sub-acute phase (i.e., within 2 weeks), whereas sei-

soon as possible (within 72 hours after the onset of

zures in a later phase (after 2 weeks) do in principle

stroke), preferably by a multidisciplinary team in a

require treatment to be

started.2

Physical therapists

have a monitoring role to play in signalling absence

stroke unit, accelerates and enhances functional
recovery.

seizures and involuntary twitching as they treat
patients with stroke.

Depending on the medical specialist in attendance,
treatment policy for patients with stroke with a cere-

D.4

General interventions in the
immobilization phase

bral haemorrhage often differs from that for patients
with an infarct. In many cases, patients with a cere-

There may be various reasons why patients with

bral haemorrhage who are not eligible for neurosur-

stroke cannot be mobilized in the acute stage. In

gery will be kept in bed for a number of weeks. There

most cases, this is related to the type of CVA. An intra-

is no consensus on the duration of this immobiliza-

parenchymal haemorrhage (IPH), for instance, is more

tion.13,16 The moment when a cerebral haemorrhage

likely to cause an unstable neurological status than

patient is mobilized (in the sense of assuming a verti-

other forms. Other possible reasons are:

cal position on the edge of the bed or beside the bed)

1. fever, whether or not as a result of bronchopneu-

is primarily determined by the clinical neurological

monia or thrombophlebitis;
2. cardiac instability and general malaise, until the
danger of ventricular fibrillation has subsided;
3. reduced level of consciousness, whether or not as
a direct result of
49

stroke.1

status, in terms of level of consciousness (measured
with the Glasgow Coma Scale (GCS), recovery of orientation or recovery from hemiplegia (quantified e.g. by
the Motricity Index).188 The GCS is a particularly
important indicator of recovery.187,228 A reduced level
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of consciousness, in combination with a severe pare-

therapeutic positioning protocol.230 (See Section F.2

sis of the paretic leg, can often be an important deter-

for further details.) The present treatment guidelines

minant of

death.183,190

express no preference for a specific position in the

Unfortunately, very few studies have examined the

bed, since research has not proved one position to be

effects of early applied PT and OT interventions in

superior to another.168 Nevertheless, the NDT concept

stroke patients during the acute period. Nonetheless,

offers many opportunities for optimizing a patient’s

there are a number of important interventions at this

position in bed or in a wheelchair.124,229,231 The gen-

stage, which are assumed to be relevant to the further

eral principle is that the position has to be comfort-

functional recovery and wellbeing of patients with

able for the patient, and that there is no point pres-

stroke. The following physical therapy interventions

sure on particular parts of the body.

are considered essential:
1. checking and ensuring a proper body position in

Based on the above, the working group has
formulated the following recommendation:

bed;
2. maintaining the mobility of the musculoskeletal
system by early mobilization;
3. maintaining optimal ventilation of the respiratory

(12) Position in bed (level 3)
There are indications that the position in which a CVA
patient is lying in bed should be perceived by them as

tract;
4. starting a reactivation programme as soon as
possible;

comfortable. There is no evidence, however, that a
specific body position, as recommended in neurologi-

5. monitoring deep vein thrombosis;

cal exercise methods, reduces spasticity on the paretic

6. informing and involving the patient’s partner

side in comparison to a position intended to regulate

relatives in treatment from an early stage.

muscle tone.

The above interventions are in line with the princi-

Oedema of the hand

ples of the ’CBO guidelines on stroke’ to improve

During the immobilization phase, special attention

patient care in the acute period after a cerebrovascu-

needs to be given to a proper positioning of the paret-

lar

accident.1

ic shoulder and the paretic arm. If oedema or congestion should occur in the paretic arm and hand, lying

D.5

Physical therapy interventions in
the immobilization phase

on this arm should be avoided as much as possible,
although there is as yet no scientific evidence for this
recommendation. For an extensive description of the

D.5.1

Positioning the patient in bed (Physical

interventions to treat oedema of the hand and the

therapy interventions in the immobilization

resulting recommendation for practice, please see

phase)

Section E.2.15

Position in bed

Pressure ulcers

The position of the patient’s body in the bed must be

Bedridden patients have to be regularly repositioned

optimized 24 hours a day. The positions described by

(every 2 or 3 hours), using a repositioning pro-

Bobath (1978), Davies (1985) and Johnstone (1983)

gramme.2,192,194 Proper positioning of the patient in

are usually preferred. It is generally assumed that a

the various recommended positions needs to be

proper positioning of the paretic leg and arm during

ensured 24 hours a day.192,232 This means that the

the immobilization phase, in which the patient is

nursing staff also has to be familiar with the preferred

lying positioning bed, normalizes the muscle tone and

positions.

therefore benefits motor recovery.124,128,193,194,229

In addition to regular repositioning, it is important to

Effect studies to confirm this assumption for patients

examine the patient’s skin integrity at least once a

in the acute phase are as yet lacking, however. An RCT

day to check for defects, especially in the places that

involving 28 patients who had on average had their

are known to be at special risk of developing pressure

CVA
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more than 1 month ago found no effect of the

ulcers (tailbone and heels). The risk of pressure ulcers
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is reduced by:

D.5.2

1. regularly ointment on the skin at the pressure

Daily maintenance of musculoskeletal
system mobility (Physical therapy interventions

spots;

in the immobilization phase)

2. preventing skin contact with fluid (urine);

Once or twice daily, a physical therapist or nurse

3. avoiding friction between the skin and bed sheets

should apply passive or assisted active motion to the

et cetera;
4. optimizing the patient’s liquid balance and nutritional status.76

joints of the ankles, knees, hips, trunk, shoulders,
elbows, wrists and fingers. The purpose of this mobilization is:
1. to prevent contractures;

Repositioning should be done as much as possible by

2. to enhancing the patient’s sense of movement;

the patients themselves. Patients should be trained to

3. to allow changes in the spastic paretic or hemipa-

reposition the paretic arm, hand and leg themselves.

retic status to be assessed.128,191,192

Based on the above, the working group has

In most cases, patients can be taught to apply passive

formulated the following recommendation:

mobilization of the arm themselves, or the nursing
staff can be instructed to administer it. Passive mobi-

(13) Prevention of pressure ulcers (level 3)

lization is never an end in itself, but always aims to

There are indications that the risk of pressure ulcers in

improve functionality and increase a patient’s wellbe-

patients in the immobilization phase can be reduced

ing (for example by changing to a pain-free position),

by regular repositioning, as well as by daily examina-

as well as to facilitate the care provision by the nurs-

tion of the body parts that are particularly exposed to

ing staff. The need for passive mobilization has to be

point pressure (heel and tailbone). It is recommended

evaluated for each individual patient. The working

to stimulate patients to actively reposition themselves

group recommends minimizing the number of mobi-

as much as they are able to.

lizations, including that of the shoulder, and not to
exceed the pain threshold.193,231,234,235 There has so

Respiration

far not been any research on the effectiveness of

Regular repositioning in the bed seems to reduce not

mobilization in the acute stage, though one RCT in the

only the risk of pressure ulcers, but also that of a

chronic phase demonstrated a transient effect of pas-

number of pulmonary complications, although no

sive mobilization of the fingers.236 For further details

effect studies into repositioning in relation to the

and recommendations, see Section F.2.

prevalence of pulmonary complications have as yet
been done. One randomized trial on the effect of reg-

D.5.3

Ensuring optimal ventilation of the

ular rotations around the patients’ longitudinal axis

respiratory tract (Physical therapy

found a statistically significant decrease in the inci-

interventions in the immobilization phase)

dence of bronchopneumonia, though it found no sta-

Specific attention must be given to the respiratory

tistically significant effects on mortality.233

tract to prevent and treat bronchopneumonia.231,237
patients with stroke often suffer from reduced venti-

Based on the above, the working group has

lation on the paretic side.238 An X-ray study of 100

formulated the following recommendation:

patients with stroke with hemiplegia found that they
were significant more likely to have a higher position

(14) Prevention and treatment of bronchopneu-

of the diaphragm and a reduced upward and down-

monia (level 3)

ward movement of the diaphragm. The reduced

There are indications that regular repositioning of

downward movement of the diaphragm in voluntari-

patients with stroke in the immobilization phase

ly deepened respiration is also confirmed by a study

reduces the risk of bronchopneumonia.

by Cohen et al., in which the movements of the diaphragm were measured in 8 patients with stroke with
the help of ultrasound. Four of the 8 patients were
found to have statistically significantly decreased dia-
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phragm movements compared with those in 6

tion of the respiratory muscles appear to be partly

healthy persons.239

responsible for the restrictive pulmonary disorders in

Annoni examined 23 patients with stroke and found

patients with stroke.210

that their vital capacity (VC), Forced Inspiratory

In practice, this means that the lung functions of

Volume over 1 second (FIV1), Forced Expiratory

bed-bound patients with stroke have to be checked

Volume over 1 second (FEV1), Peak Expiratory Flow

daily. This can be done by means of auscultation of

(PEF) and Maximum Expiratory Pressure (MEP) (75%)

the lungs, possibly supported by radio-diagnostic data

deviated significantly from the normal values in

such as X-rays of the thorax and arterial blood gas

healthy persons, with deviations from the predicted

parameters such as oxygen saturation.

value of 16, 19, 47 and 46 percent, respectively.237

In the case of pulmonary complications, further diag-

The relation with age or lateralization of stroke was

nostics is usually necessary to exclude other pulmo-

not statistically significant.237 The severity of the

nary pathology such as lung emboli. If a patient

paresis of the arm, however, appeared to be related to

shows sputum retention, the physical therapist can

PEF

and MEF (75%), which points to a reduced strength

administer breathing exercises and drainage positions

of the respiratory muscles. No statistically significant

in the bed (if these are not contraindicated because of

relations were found between the FEV1 and FIV1 on the

increased intracranial pressure). The physical thera-

one hand and the severity of the paresis of the arm

pist can also advise the nursing staff on these matters,

on the other. Furthermore, the findings of this study

and can administer manual compression or dead

suggested that the pulmonary function values

space enlargement, in consultation with the physi-

decreased progressively with the time that had

cian in attendance. It is not yet clear to what extent

elapsed since stroke onset. The VC and Forced

the reduced pulmonary ventilation has to be regarded

Expiratory Volume Capacity (FEVC) were statistically

as the cause of the pulmonary complications such as

significantly worse in patients with stroke in the

bronchopneumonia. A study by Korczyn et al. found

chronic phase than in patients who had recently had

that pneumonia was found more often on the paretic

a CVA.

side than on the non-paretic side, although the differ-

The above findings confirm the assumption that

ence was not statistically significant.242 Research has

patients gradually develop restrictive pulmonary

demonstrated that in the acute stage, the broncho-

function disorders as time passes after stroke. Such

pneumonia in patients with stroke can be explained

pulmonary function disorders seem primarily caused

by dysphagia rather than by a decreased function of

by the paresis or hemiparesis of the respiratory mus-

the respiratory muscles themselves.209,211,215,243

cles, followed by a decreased compliance or increased
stiffness of the thoracic wall.210,237,238

Based on the above, the working group has

Treatment should aim at optimal ventilation of the

formulated the following recommendation:

respiratory tract, to allow sufficient cerebral oxygenation, included that of the area affected by the

(15) Pulmonary ventilation (level 3)

infarct. It is especially important to provide supple-

There are indications that improving pulmonary ven-

mentary oxygen if the patient’s intracranial pressure

tilation by means of respiratory exercises and manual

is increased.240

compression of the chest leads to improved sputum

It is assumed that physical therapists play an impor-

drainage in patients with stroke in the immobile

tant role in optimizing pulmonary ventilation in

phase. In the case of increased intracranial pressure or

stroke.191,192,231,238,240

non-stabilized cerebral haemorrhage, the physician in

patients with

However, there

has been no well-controlled trial to back this up.

attendance (neurologist or neurosurgeon) must be

What is certain is that ventilation on the paretic side

consulted. Some restraint should be exercised when

is reduced through weakening of the respiratory mus-

applying drainage positions in the acute phase after a

cles.231,238 De
EMG

Troyer et al. demonstrated a reduced

activity of the diaphragm and intercostal muscles

CVA

(relative contra-indication). For example, if there

is increased intracranial pressure as a result of a cere-

in 20 hemiplegic patients.241 In the long term, other

bral haemorrhage, drainage positions are contraindi-

factors, such as an altered compliance of the muscu-

cated in the acute or sub-acute phase.

loskeletal system and changed muscle tone distribu52
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D.5.4

Exercising the patient in bed (Physical

more frequent in the paretic leg than in the non-

therapy interventions in the immobilization

paretic leg.1

phase)

Several randomized trials have demonstrated that the

Patients who are bed-bound for medical reasons can

risk of DVT can be reduced by 45 percent by prophy-

be given simple motor tasks, unless they are contrain-

lactic subcutaneous injections with a low dose of hep-

dicated. The physical therapist has to consult the

arin (5000 units LDH twice daily)245,256 and by 79 per-

attendant neurologist or neurosurgeon about this.

cent by means of low molecular weight heparins

Examples of simple tasks are:

(LMW).15,221,222,245,247-249

•

contracting the muscles of the paretic leg;

In most randomized trials, medicinal treatment was

•

finding and grasping the paretic hand with the

started within 48 hours after the onset of stroke and

healthy limb;

was continued for the next 14 days. It is unknown

actively assisted mobilization of the paretic hand.

how long this treatment has to be continued in bed-

•

bound or relatively immobile patients.222
These measures can:

In addition to medicinal treatment, it is highly rec-

•

maintain mobility;

ommended to mobilize and activate the patient as

•

increase sensory awareness of the paretic body

soon as possible. Anti-embolism stockings,250-252 a

half;

low dose of warfarin or intermittent pneumatic com-

limit immobilization of muscles in whortened

pression222,253 are considered to be meaningful mea-

position.244

sures, which reduce the risk of DVT.15,178,220-222 A

•

meta-analysis of 12 studies of surgical disorders shows
Simple instructions and tricks can be used to teach

that the risk of DVT can be reduced by 68 percent by

patients to turn themselves over in bed.229,231 This

means of anti-embolism stockings.251

involves instructing patient about the best way to

Although it is assumed that passive mobilization of

move the arm and the paretic leg along.

the limbs reduces the risk of venous thrombosis,
there are no studies to support this.222,254 Therefore it

Based on the above, the working group has

is still unclear to what extent mobilization of the

formulated the following recommendation:

limbs helps to prevent this very frequent complication. Physical therapists can monitor for DVT because

(16) (Guided) active movement (level 3)

of they are usually in almost daily contact with the

There are indications that it is useful to exercise (reac-

patients.

tivate) stroke patients in the immobile phase.
(Guided) active movement of the paretic extremities

Based on the above, the working group has

in bed can contribute to an improvement of the

formulated the following recommendation:

range of motion as well as of body awareness.
(17) Prevention of deep vein thrombosis (level 3)
D.5.5

Identifying deep vein thrombosis

There are indications that deep vein thrombosis (DVT)

(Physical therapy interventions in the

frequently occurs in patients with stroke in the

immobilization phase)

immobile phase. The working group recommends

It remains unclear to what extent reactivation can

checking patients in this phase daily for the symp-

prevent thrombophlebitis. Deep vein thrombosis

toms of pain, oedema and fever, which might indi-

(DVT) is frequently diagnosed especially in the first

cate DVT.

three to four weeks after a CVA. In most cases, howev-

In addition to medicinal treatment (heparin), patients

er, it remains unnoticed despite clinical assess-

with stroke in the immobilization phase have to be

ment.1,220,222 DVT can be diagnosed much more sensi-

fitted with anti-embolism stockings as soon as possi-

tively and specifically with

phlebography.222

It is

ble.

estimated that 10 to 20 percent of the patients die in

If possible, patients have to be mobilized immediately

the first week after the onset of stroke due to lung

(standing or walking) under supervision of a physical

emboli183,191; see Brandstater et al. for an overview.222

therapist to reduce the risk of DVT.

Plebographic studies suggest that DVT is 7 to 8 times
53
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Table 20. Measuring instruments to evaluate interventions in the immobilization phase.
Core measuring instruments

Optional measuring instruments

•

Motricity Index (upper and lower

•

Numeric Pain Rating Scale

extremities)

•

Neutral-0 method (goniometer)

•

Trunk Control Test

•

Testing cranial nerves

•

Barthel Index

•

Water displacement method

•

(Modified) Nottingham Sensory Assessment

•

(Modified Ashworth Scale (elbow and knee)

•

Brunnstrom Fugl-Meyer Assessment
(upper and lower extremities)

D.5.6

Early involvement of partners and

•

Nottingham Extended ADL Index

•

Frenchay Activities Index

D.5.7

Optional measuring instruments

relatives (Physical therapy interventions in the

(Physical therapy interventions in the

immobilization phase)

immobilization phase)

It is advisable to involve the patient’s partner in the

In this phase, a number of aspects have to be

process of treatment at an early stage, because there

assessed. Depending on the patient's functional level,

are important indications that timely integration of

the physical therapist must evaluate the following

the partner in the process is beneficial for the

domains: range of motion, pain, reflexes and cranial

patient’s functioning and

wellbeing,225

although

nerves, somatosensory function, spasticity, severity of

there is as yet no hard evidence for this view.197,256

the paresis, muscle strength, sitting balance and ADL

Proper coordination requires prior interdisciplinary

independence. The working group recommends sev-

consultations to decide who will stay in contact with

eral measuring instruments to evaluate the interven-

the patient’s partner or relatives, so that they always

tions in the immobilization phase (see table 20).

know who to contact. The physical therapist should
inform the partner about the best way to approach
the patient (in terms of approaching along the paretic
versus the non-paretic side). If necessary, the partner
can be informed about certain symptoms which are
often misunderstood, such as neglect or hemineglect,
hemianopsia, anosognosia, dyspraxia and motor restlessness. Patient education materials may be helpful
in this respect.257
Based on the above, the working group has
formulated the following recommendation:
(18) Partners and relatives (level 3)
There are indications that rehabilitation can be optimized by informing the patient’s partner as soon as
possible about what the patient can and cannot do.
Patient education material may be helpful.
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E – Mobilization phase: walking
ability and gait-related
abilities

recovery of walking ability has a relatively favourable
prognosis, only 30 percent of the patients who are
able to walk can eventually achieve a walking distance and walking speed that are normal for their age.

E.1

Walking ability: prognosis and
natural course

This means that in most cases the quality of the gait
remains abnormal after a CVA.262 In estimating the

This section describes the determinants of the chanc-

achievable walking ability it is important to take the

es of recovery of walking ability. For an explanation

patient’s pre-morbid functioning as a starting point.

of the assessment of the methodological quality of

Results of the 4 studies of determinants of walking

prognostic studies, see Section B.7.

ability with the highest methodological quality suggest the following determinants of recovery after 6

E.1.1

Scientific evidence (Walking ability: prognosis

months: (1) pre-morbid problems of walking ability;

and natural course)

(2) walking ability in the first 2 weeks after the onset

Five systematic reviews have been published on the

of stroke; (3) synergy formation in the leg; (4) hom-

determinants of recovery of walking ability and ADL

onymous hemianopsia; (5) sitting balance; (6) urinary

skills.24,25,258-260 Longitudinal research has found that

incontinence; (7) advanced age and (8) ADL indepen-

functional milestones can be distinguished during the

dence.143,207,263-265 These determinants of walking

process of recovering walking ability (mobility mile-

ability largely correspond to those of ADL indepen-

stones).37

dence after a CVA.24 This supports the view that walk-

Sitting up appears to be the first ability to

return as patients recover, then standing up and sit-

ing ability is closely tied to ADL independence.24 At

ting down, learning to stand safely and finally walk-

the same time, it has to be noted that many studies

ing. Research among 40 physical therapists showed

made no distinction between the factors that influ-

that these functional milestones in recovery can be

ence the recovery from limitations, such as type and

classified reliably.38 Furthermore the researchers dem-

localization of stroke and whether it is a primary or

onstrated that the speed with which patients

recurrent CVA. In addition, the study results are diffi-

achieved these mobility milestones was strongly

cult to compare due to differences in the timing and

determined by the type of CVA (classified on the basis

duration of observation, the type of statistical analy-

of the Oxford Community Stroke Project), with

sis and the measuring instruments used to assess the

patients with a total anterior infarct or Total Anterior

dependent variables.

Circulation Infarct (TACI) taking longer than patients

Two recent prospective cohort studies also demon-

with other types of infarct, namely Partial Anterior

strate that age and the stage of recovery of the paretic

Circulation Infarct (PACI), Lacunar Anterior

leg are the two most important predictive determi-

Circulation Infarct (LACI) and Primary Intra-cerebral

nants of recovery of walking ability, as measured by

Haemorrhage (PICH). Knowledge of this natural

the Brunnstrom Fugl-Meyer (BFM) score.263,265 In these

sequence in the recovery of walking ability is very

studies, the recovery of walking ability was defined as

important for defining the therapeutic functional

a score of ≥ 4 points on the Functional Ambulation

goals that can be achieve over time and assessing

Categories (FAC).265 Predictive models for age demon-

short- and long-term functional prognosis.37,38

strate that a more advanced age reduces the chances
of regaining walking ability 6 months after stroke.

E.1.2

Prognostic determinants (Walking ability:

The chances of regaining walking ability are 2263 to

prognosis and natural course)

almost 5 times265 higher for patients younger than 70

Epidemiological research has demonstrated that

years than for those aged 70 and over.

about 70 to 80 percent of patients with stroke are able

The literature supports the view that the stage of

to walk independently in due course.94 This means

motor recovery of the paretic leg, according to

that the prognosis for the recovery of walking ability

Brunnstrom (BFM ≥ 3), is an important predictor of

in patients with stroke is basically favourable. Most of

walking ability (FAC ≥ 4).265 Comfortable walking

the recovery of walking ability takes place within 3

speed, however, is harder to predict over the first 6

months after the onset of stroke.261 Although the

months.265 Furthermore, prospective studies have
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demonstrated that repeated measurements (monitor-

predictive factors for walking speed after 6 months

ing) greatly improve the accuracy of the prediction.

seem to be: muscle strength of the paretic leg, sitting
balance and social support (informal care).

E.1.3

Conclusions (Walking ability: prognosis and
natural course)

E.1.5

Prognostic research into the functional recovery of

Optional measuring instruments
(Walking ability: prognosis and natural course)

patients with stroke is complex. Longitudinal studies

The working group recommends several measuring

undertaken so far allow the conclusion that most

instruments to assess the chances of recovery of walk-

functional recovery by far takes place in the first 3

ing ability (see table 21).

months after a CVA. Many studies have demonstrated,
however, that noticeable improvements as well as

E.2

deterioration of walking ability can still occur more

Balance is a frequently used expression that is often

Exercising sitting balance

than 6 months after the onset of a CVA. Follow-up

related to the terms stability and postural control.266

studies have found that an estimated one third of the

Following Pollock et al.,267 sitting balance can be

patients are outside the 95% CI, in a positive or nega-

defined as ‘achieving, maintaining or restoring stabil-

tive sense. If the prognosis of recovery of walking

ity during a seated position or activity’. In the ICF ter-

ability is unclear, it is useful to repeat measurements

minology, this treatment goal can be classified in

such as walking speed over time.

domain d4153: ‘maintaining sitting position’.8
In rehabilitation, a satisfactory sitting balance is con-

E.1.4

Implications for treatment (Walking ability:

sidered an important prerequisite for functional daily

prognosis and natural course)

activities, such as getting dressed, reaching and eat-

The use of the above-mentioned determinants to

ing.268 Hence, remedying the asymmetric distribution

establish a CVA patient’s individual prognosis is diffi-

of body weight while sitting is regarded as an impor-

cult and has hardly been studied. This does not alter

tant part of the treatment of patients with stroke.162

the fact that in designing a realistic, feasible treat-

This section discusses the evidence for the value of

ment plan, the rehabilitation team first has to assess

balance exercising while sitting.

the individual prognosis based on the valid determinants discussed above, in order to come to a satisfac-

E.2.1

Scientific evidence (exercising sitting balance)

tory (i.e., therapeutically feasible) treatment strategy.

Four RCTs have studied the effectiveness of balance
training in an initial seated position.121,162,269,270

Based on the above, the working group has

The most important characteristics of the studies

formulated the following recommendation:

(including their methodological quality) are shown in

(19) Prognosis for walking ability (level 3)

used a different intervention for the experimental

There are indications that the prognosis for walking

groups.121,162,269,270 The studies examined the effects of

ability is largely determined in the first 2 weeks after

engaging patients in reaching exercises on the control

the onset of a CVA.

of sitting balance. The reaching exercises were per-

Synergy formation and age are the most important

formed with the non-paretic arm121,162,270 or trunk.269

clinical determinants predicting the recovery of walk-

Dean et al. had the experimental group perform reach-

ing ability, as measured with the Functional

ing exercises in seated position with the non-paretic

Ambulation Categories, 6 months after the onset of

arm, and assessed the loading of the feet.121 In the

stroke.

study by de Seze et al., the use of the trunk during sit-

The most important determinants of recovery of

ting was stimulated by having patients wear a harness

walking ability appear to be a stage 3 or higher motor

around the trunk.269 Patients were instructed to touch

recovery according to Brunnstrom (synergy forma-

various objects located around them with a pointer

tion) and age younger than 70 years. Compared to

attached to the harness, without losing control of sit-

the predictors of walking ability, those of comfortable

ting balance.269 Pollock et al. offered patients in the

walking speed are less accurate. The most important

experimental group a therapy based on the NDT concept,

the evidence table E.2 in Chapter I.2. Each of the 4 RCTs
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Table 21. Measuring instruments to assess the chances of recovery of walking ability.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Synergy formation:

• Motricity Index (lower extremity)

• Brunnstrom Fugl-Meyer Assessment (lower
extremity)

Balance:
• Trunk Control Test and/or

Balance:

• Berg Balance Scale

• Timed Balance Test

Walking ability:

Extended ADL abilities:
• Nottingham Extended ADL Index and/or

• Functional Ambulation Categories

• Frenchay Activities Index
Walking speed:
• 10-metre walking test
ADL

independence:

• Barthel Index

as well as exercises that the patients had to perform

dently for 1 minute270 to 20 minutes,121 an asymmetric

themselves.270

sitting posture162 or problems controlling the trunk bal-

In these exercises, the patients were sit-

ting in a chair with force plates under their feet. Patients

ance while sitting.269 Statistically significant effects were

had to reach with their non-paretic arm to move objects

found for trunk balance,269 loading of the feet,121

forwards and sideways along lines on the tabletop.

reaching distance of the non-paretic arm,121 neglect269

A study by Mudie et al. involved 3 experimental

and walking ability.269

groups.162 One group was asked to do reaching exercises

Sitting balance was assessed in these studies with force

while sitting on a force plate (the feedback group). The

plates (symmetry while sitting162,270), with ordinal-scale

second group performed the reaching exercises while

measuring instruments for sitting balance, and with the

sitting on a table, without feedback. In third group, the

Trunk Control Test (TCT),269 or by measuring the maxi-

patients were manually facilitated in accordance with

mum reaching distance of the non-paretic arm.121 The

the NDT concept while reaching. The training of the

study by de Seze et al. found a positive effect difference

control groups was based on the NDT concept,269,270

of 14 points on the TCT (which ranges from 0 tot 100

standard physical and occupational therapy without

points) and 0.8 points on the 6-point ordinal scale

specific balance exercises162 or training without reach-

Upright Equilibrium Index (UEI) in the experimental

ing

movements121.

group after 4 weeks of training, compared to the control

The 4 RCTs121,162,269,270 involved the training of sitting
balance on 5 days a week for a time of 30

minutes162

to

group.269 The UEI evaluates 6 different balance aspects
in standing position. The positive effect was still found

2 hours269 per session. The training period ranged from

after 3 months, though it was then no longer statistical-

2121,162 to 4269,270

ly significant.269

weeks. The RCTs included a total of

108 patients with stroke, with study populations ranging from

20121,169

to

40162 patients.

At the start of the

In the study by Dean et al., foot loading increased by 25
percent in the experimental group, while the control

studies, an average of between 2 weeks162 and 6.3

group showed no difference in loading.121 There was a

years121

clear difference between the experimental and control

had passed since stroke, so the studies included

patients from the acute or sub-acute,162 post-

groups as regards the reaching distance of the paretic

acute269,270

arm in all directions, as well as in the time required to

and chronic

phases.121 Inclusion

criteria for

these randomized trials were being able to sit indepen-
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different methods to improve the symmetry of weight

with the non-paretic hand in seated position contrib-

distribution while sitting.162 Irrespective of the method

utes to better control in terms of maintaining symme-

chosen, the 3 experimental groups improved during the

try during sitting. These positive effects appear to be

2-week intervention. The treatment based on the NDT

valid in the acute or sub-acute, post-acute and chron-

concept proved to be statistically most effective in terms

ic phases. It remains unclear which form of sitting

of improving symmetry while sitting over these 2

balance training is more effective than the other

weeks. After a follow-up of 12 weeks, however, more

methods and whether the effects also result in an

patients from the feedback group appeared to be able to

improvement of standing up, sitting down and walk-

shift their weight to the paretic side while

sitting.162

ing.

The 4-week intervention used in the study by de Seze et
al. resulted in a statistically significant difference in the

E.2.4

decline of neglect, in favour of the experimental group,

Implications for treatment (exercising sitting
balance)

which trained trunk balance while sitting.269 The differ-

Training balance in seated position in patients with

ence was 4.5 points on the Bells Neglect Test (with

stroke can be effective. To achieve this effect in

scores ranging from 0 to 35).

patients with stroke, it is necessary to have them

In the study by Mudie et al.162 the intervention also

reach beyond the base of support (which means

resulted in an improvement of standing symmetry in

beyond arm’s length) with the non-paretic arm.

the feedback group, while the study by de Seze et al.269

During the reaching exercises, the patients need to be

found that the walking ability, as measured with the

aware of the position of their body, so the working

Functional Ambulation categories (FAC), improved more

group recommends varying the placement of the feet,

in the experimental group than in the control group (a

as well as the speed, distance and directions.

difference of 1.1 points on a scale from 0 to 5). There
was, however, no statistically significant difference as

Based on the above, the working group has

regards walking speed.121

formulated the following recommendation:

E.2.2

Evaluation (exercising sitting balance)

The methodological quality of the 4

(20) Sitting balance (level 1)

RCTs121,162,269,270

ranged from 4162 to 7121 points on the PEDro scale
(which ranges from 0 to 10

points),27

indicating that

It has been demonstrated that reaching exercises with
the non-paretic arm during sitting, in which patients
learn to reach beyond the base of support (i.e., beyond

the studies were of reasonably good to good quality. The

arm’s length) and are aware of their own body posture,

working group criticized the lack of an intention-to-

have a positive effect on sitting balance. It is unclear

treat analysis. The large number of drop-outs in the

whether improved sitting balance also results in

studies by Mudie et al.

(17%)162

and Pollock et al.

(29%)270 makes the value of the effects they claim to

improvements in standing, standing up, sitting down
and walking.

have found doubtful for the time being.
Since the 4 trials evaluated sitting balance in different

E.2.5

ways and with different measuring instruments, statisti-

Optional measuring instruments
(exercising sitting balance)

cal pooling was impossible. Mudie et al. used the per-

The working group recommends several measuring

centage of weight loaded on the paretic side during sit-

instruments to evaluate the training of sitting balance

ting.162 De Seze et al. used clinically applicable

(see table 22).

measuring instruments for balance (including

UEI).269

Dean et al.121 measured loading of the feet and Pollock
et

al.270

used the percentage of attempts that resulted in

E.3

Exercising self-propulsion in a
wheelchair

a ‘normal’ symmetry of weight distribution during sit-

patients with stroke who are unable to walk safely

ting.

usually have a wheelchair prescribed to them.
In ICF terms, the goals of the interventions that focus
Conclusions (exercising sitting balance)

on improving wheelchair skills (wheelchair training)

The 4 studies that were evaluated show that reaching

can be classified in domain d4750, ‘driving human-

E.2.3
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Table 22. Measuring instruments to evaluate the training of sitting balance.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Balance while sitting:

• Motricity Index (Lower extremity)

• Trunk Impairment Scale

Balance while sitting:

Balance while standing:

• Trunk Control Test

• Timed Balance Test

Balance while standing:

Transfer and walking ability:

• Berg Balance Scale

• Timed Up&Go Test and/or
• Falls Efficacy Scale

Walking ability:
• Functional Ambulation Categories

Walking ability:
• Rivermead Mobility Index

ADL

independence:
Extended ADL abilities:

• Barthel Index

• Nottingham Extended ADL Index and/or
• Frenchay Activities Index

powered transportation’.8 Learning to drive a manu-

and Research (COSTAR) group, the experimental group

ally propelled wheelchair with the non-paretic hand

was stimulated to self-propel a wheelchair with the

and foot in the acute or sub-acute phase of the natu-

non-paretic limbs for 8 weeks.272 The instructions for

ral course of the recovery process is a controversial

propelling the wheelchair consisted of frequently

matter in the rehabilitation of patients with stroke.

encouraging the use of the non-paretic hand on the

The discussion concentrates on the advantages of ear-

wheel and the non-paretic foot on the ground. The

ly mobilization and initiating independence on the

control group was repeatedly discouraged from using

one hand and on its disadvantages on the other

the non-paretic arm and foot to move the wheelchair.

hand, such as: (1) increased postural and movement

They were wheeled for 8 weeks when the wheelchair

muscle tone on the paretic side, (2) the development

needed to be moved and were seated in a comfortable

of an asymmetric sitting position and (3) delayed

armchair between activities.272 Both groups received

recovery of motor

skills.271

A questionnaire survey

regular physical therapy treatment in this period.

among physical therapists employed at hospitals in

A CCT by Kirby et al. provided no intervention, but

Great Britain found that there is currently no consen-

compared two ways of driving a wheelchair: one

sus on the preferred time when a wheelchair should

group of patients only used the non-paretic arm and

be prescribed, the patients to whom it should be pre-

foot to self-propel the wheelchair, while the other

scribed or the type of wheelchair that is to be pre-

group was instructed to propel the wheelchair with

scribed.272

both arms.273 The RCT included 40 patients with
stroke.272 Patients were in the sub-acute phase (16

E.3.1
One

Scientific evidence (Exercising self-propulsion

days after the onset of stroke) at the start of the study.

in a wheelchair)

The inclusion criterion in this randomized study was

RCT272

and one

CCT273

have been performed on

that patients had to have good sitting balance.272

the training of moving independently in a manually

Exclusion criteria were the presence of severe percep-

propelled wheelchair. The most important character-

tual neglect and being able to walk independently.

istics of the studies (including their methodological

The COSTAR study, which examined the effects of

quality) are presented in the overview table XX. In a

wheelchair movements (self-propelled or not) by

randomized study by the Collaborative Stroke Audit

patients with stroke with the help of their non-paret-
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Table 23. Measuring instruments to evaluate exercising self-propulsion in a wheelchair.
Core measuring instruments

Optional measuring instruments

Balance while sitting:
• Trunk Control Test

Stiffness in passive movement:
• Modified Ashworth Scale (elbow and knee)

ADL

•

independence:
Barthel Index

Speed of wheelchair driving:
• Speed of self-propulsion of wheelchair
Wheelchair abilities:
• Circuit to observe wheelchair navigation
abilities (turning corners, crossing thresholds
in the wheelchair)
Endurance:
• Covering a specified distance in the wheelchair
Balance while sitting:
• Trunk Impairment Scale
Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index

ic limbs, found no unfavourable effects on postural or

it is not plausible that wheelchair self-propulsion

movement muscle tone after 3 and 12 months, mea-

using the non-paretic arm and foot has an unfavour-

sured with the Modified Ashworth Scale.272 Neither

able effect on the postural and movement muscle

were effects found on activities of daily living, mea-

tone on the paretic side. This was studied in patients

sured with the Barthel Index and the Nottingham

in the sub-acute phase. Neither does this type of

Extended ADL index. In the CCT by Kirby et al., the

wheelchair propulsion affect changes in ADL indepen-

group that learned to use the non-paretic arm and

dence. There are indications, however, that bimanual

foot to propel the wheelchair had more navigation

steering of the wheelchair is easier for patients.

problems than the control group that was allowed to

Further research will have to show which patients, in

use both

arms.273

Furthermore, single-handed propel-

which type of wheelchair and in which phase of reha-

ling of the wheelchair led to lower speed and greater

bilitation should be moving independently in a man-

navigation problems.

ually propelled wheelchair. No studies were found on
the effects of wheelchair training in patients with a

E.3.2

Evaluation (Exercising self-propulsion in a

visual spatial neglect.

wheelchair)

With 7 points on the PEDro scale (which ranges from 0
to 10)27 the methodological quality of the RCT272 can

E.3.4

Implications for treatment (Exercising selfpropulsion in a wheelchair)

be classified as good. Since only one RCT was found,

Available research data show no unfavourable effects

statistical pooling was not possible.

of self-propulsion in a wheelchair with the help of
the non-paretic arm and foot. The working group rec-

E.3.3

Conclusions (Exercising self-propulsion in a

ommends tailoring the choices regarding wheelchair

wheelchair)

use to the patient’s own wishes.

Based on 1 (high-quality) RCT it can be concluded that
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Based on the above, the working group has

ological quality) are presented in the evidence table

formulated the following recommendations:

E.4 in Chapter I.2. Additionally, one follow-up study
has evaluated the effects of exercise therapy for stand-

(21) Asymmetrically driving a manually propelled

ing up and sitting down after 3 years.278 In the 5 RCTs,

wheelchair (level 2)

the patients in the experimental groups exercised the

It is plausible that manually propelling a wheelchair

sit-to-stand movement with their feet on force

asymmetrically with the non-paretic hand and foot

plates.120,121,270,276,277 These experimental groups

in patients with stroke with an unusable paretic arm

were given visual feedback on the force that the

in the sub-acute phase does not lead to increased

patients’ feet exerted on 2 separate force plates, allow-

spasticity of the paretic side.

ing the degree of asymmetric weight distribution to
be determined. Dean et al. asked patients in the

(22) Using the paretic arm (level 3)

experimental group to stand up from chairs with dif-

There are indications that involving the usable paret-

ferent seat heights.120 In this study, the control group

ic arm in riding a wheelchair leads to fewer steering

received training that focused on improving arm

errors.

strength.120
In another study by Dean et al., the control group

E.3.5

Optional measuring instruments

was given a placebo treatment in which the patients

(Exercising self-propulsion in a wheelchair)

had to perform simple motor actions with the non-

The working group recommends several measuring

affected arm.121 The therapy in the control groups of

instruments to evaluate the exercising of self-propul-

the other 3 RCTs consisted of conventional therapy

sion in a wheelchair (see table 23).

based on the Motor Relearning Program (MRP),277 the
NDT

concept270 or an eclectic approach.276 The train-

Exercising standing up and
sitting down

ing was given 5276 to 15277 times a week in treatment

Standing up and sitting down can be defined as ‘mov-

was 2121 to 6277 weeks. The 5 RCTs included a total of

ing the body centre of gravity (BCoG) from sitting to

156 patients with stroke.120,121,270,276,277

standing position and vice versa without loss of bal-

The study populations varied from a minimum of

ance’.274 In ICF terminology, the goals of this inter-

12120 to a maximum of 54276 patients. At the start of

vention can be classified in domain d4103 ‘changing

the study, an average of between 38 days277 and 6.3

body position from sitting down to any other posi-

years121 had elapsed after the onset of stroke, which

tion’, and those of sitting down in d4104 ‘changing

means that the 5 studies included patients with

body position from standing to any other position’.8

stroke in the post-acute270,276,277 and chronic phas-

Being able to rise from a chair by oneself is an essen-

es.120,121 The inclusion criteria in the randomized tri-

tial part of ADL activities, such as getting dressed,

als were: (1) being able to sit without support for 1

E.4

Aspects that might

minute270 to 20121 minutes; (2) being able to stand

influence standing up can be divided into factors that

up from a chair independently276,277; (3) being able

relate to the chair (e.g. the height of the seat), the

to walk independently with or without a walking

patient (e.g. muscle strength in the legs) or strategy

aid120,276 or (4) being able to walk a maximum of 10

going to the toilet and

walking.275

sessions lasting 15 to 30 minutes. The training period

(e.g. speed, placing of the feet or

attention).274

This

steps.270 Controlled studies suggest that systematical-

section discusses the effects of exercising the position

ly exercising standing up and sitting down results in a

changes of standing up and sitting down in more

statistically significant improvement of: (1) the sym-

detail.

metry of balance during standing up120,121,276,277 and
sitting down276,277; (2) the severity of the paresis277;

E.4.1

Scientific evidence (Exercising standing up and

(3) the speed of standing up276,278 and sitting

sitting down)

down276,278; (4) walking speed120; (5) physical endur-

Exercising standing up and sitting down has been
RCTs.120,121,270,276,277

ance120 and (6) the frequency of falls.276

The most important

Furthermore, the patients in the experimental groups

characteristics of the studies (including their method-

in 4 of the 5 RCTs were able to put greater load on the

studied in 5
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paretic leg (8-25%) after the intervention than

ment in walking speed of 0.23 m/sec for walking

patients in the control groups.120,121,276,277 The study

without aids and of 0.07 m/sec for walking with aids,

by Pollock et al., however, found no difference in

in favour of the experimental group.120 They also

symmetrical weight distribution in favour of the

found a 37.4 m improvement in physical endurance,

experimental or control group during these position

measured by the six-minute walking test, compared

changes.270

to the control group.120 A study by Engardt et al.

The follow-up assessment in the study by Cheng et al.

found no statistically significant difference in ADL

demonstrated that the positive effect on the bilateral

independence, measured with the Barthel Index,

weight distribution while standing was still present

compared to the patients in the control group, imme-

after 6 months.276 In the study by Engardt on the

diately after the exercise phase.277

other hand, the effect on symmetrical weight distribution found immediately after the intervention was

E.4.2

Evaluation (Exercising standing up and sitting

no longer significant after a follow-up of 33

down)

months.278 Both the study by Cheng et al.276 and

The methodological quality of the 5 RCTs varied from

that by Engardt,278 however, found the speed of

5 to 7 points on the PEDro scale (which ranges from

standing up and sitting down to be still higher in the

0 to 10 points).27 See tables 24, 25 and 26. This means

experimental groups 6 and 33 months, respectively,

that the studies were of reasonably good120,277 to

after the intervention had ended.

good121,270,276 quality. The working group criticized

In the 5 RCTs, standing up and sitting down were

the lack of an intention-to-treat analysis.120,121,270,

assessed by force plates by determining the degree of

276,277

symmetric weight distribution over the two

by some authors are uncertain, because of the high

feet.120,121,270,276,277 Additionally, Engardt et al. also

percentage of dropouts in the studies by Dean et

used the Motor Assessment Scale

(MAS).277

al.120 (25%) and Pollock et al.270 (29%), and the lack

The frequency of falls was statistically significantly
reduced in one

RCT.276

Furthermore, the values of the effects claimed

of a correct randomization procedure in 2 of the 5
RCTs.276,277

A study by Cheng et al.

showed a considerably (25%) lower frequency of falls

Table 24 shows the quantitative analyses of the ratio

among patients in the experimental group compared

of weight distribution over the two feet while stand-

to the control group, 6 months after the start of the

ing up and sitting down and of the speed with which

intervention

study.276

Dean et al. found an improve-

these activities were performed. Pooling of 4 RCTs

Table 24. Symmetry while standing up.
Study

Engardt et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

6 weeks

21 / 21

0.18 / 0.17

0.4 - 0.15 = 0.25

1.40

0.72 - 2.08

VDF LR

3 weeks

30 / 24

18.9 / 17.9

-10.9 - (-0.6) = 10.3 0.55

0.00 - 1.10

PV GRF

2 weeks

10 / 10

9.6 / 6.0

8-0=8

0.96

0.03 - 1.89

PV GRF

4 weeks

6/6

8.8 / 11.2

13.6 - 0.5 = 13.1

1.18

-0.28 - 2.62

0.92

0.54 - 1.29

Outcome

Duration of

measure

intervention

Ratio BWD

1993
Cheng et al.
2001
Dean et al.
1997
Dean et al.
2000
SES
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Table 25. Speed of standing up.
Study

Engardt

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

33 months

16 / 14

1.0 / 0.8

0.6 - (-0.2) = 0.8

0.85

0.10 - 1.60

6 months

30 / 24

1.3 / 1.6

1.4 - (0.4) = 1.0

0.68

0.13 - 1.24

0.74

0.30 - 1.19

Outcome

Duration of

measure

follow-up

seconds

seconds

1994
Cheng et al.
2001
SES

(fixed)

46 / 38

Table 26. Symmetry while sitting down.
Study

Engardt et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

6 weeks

21 / 21

0.17 / 0.25

0.38 - 0.12 = 0.26

1.19

0.53 - 1.85

3 weeks

30 / 24

17.2 / 16.3

-14.2 - (-1.7) = 12.5 0.73

0.18 - 1.29

0.92

0.50 - 1.35

Outcome

Duration of

measure

intervention

Ratio BWD

VFD LR

1993
Cheng et al.
2001
SES

(fixed)

51 / 45

yielded a statistically significant overall effect size for
symmetry while standing up (SES 0.92; 95% CI:

E.4.3

Conclusions (Exercising standing up and sitting
down)

0.54-1.29)120,121,276,277 as well as sitting down (SES

It can be concluded that specific training of standing

0.92; 95% CI: 0.50-1.35).276,277 Conversion to a

up and sitting down is effective for the improvement

weighted change in percentages shows that these

of the left-right symmetry of weight distribution over

effect sizes imply a 15 percent average improvement

the two feet and the speed of standing up. These

in symmetry while standing up and an 18 percent

effects seem to occur during the post-acute as well as

improvement for sitting down, compared to a control

the chronic phase after a CVA. It is unclear, however, if

group not specifically trained in these activities.

these effects persist after the end of the intervention.

Statistical pooling of the RCTs also yielded a statistical-

The greater stability and higher speed of moving the

ly significant overall effect size (SES 0.74; 95% CI:

body centre of gravity (BCoG) while standing up and

0.30-1.19) for the speed of standing up.276,278 This

sitting down seem to result in a reduced risk of falling

implies an improvement of 0.92 s (25%). As regards

in patients with stroke during these position changes.

the speed of sitting down, the 2 RCTs were not homo-

It is unclear if these effects last and result in greater

geneous, though the random model was statistically

independence as regards ADL aspects related to stand-

significant. No sensitivity analysis of the possible fac-

ing up and sitting down, such as going to the toilet

tors causing this heterogeneity was performed.276,278

and high and low transfers.
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E.4.4

Implications for treatment (Exercising

(24) Prevention of falls while standing up and sit-

standing up and sitting down)

ting down (level 2)

Based on the current knowledge, the working group

It is plausible that the positive effects on postural sym-

recommends exercising standing up and sitting down

metry and speed of symmetric standing up and sitting

for 30 minutes a day for several weeks in multiple

down reduce the incidence of falls while standing up

treatment sessions in patients in the post-acute and

and sitting down.

chronic phases, for the benefit of a more even leftright distribution of the body weight during these

E.4.5

position changes.

Optional measuring instruments
(Exercising standing up and sitting down)

The working group recommends several measuring
Based on the above, the working group has

instruments to evaluate exercises of standing up and

formulated the following recommendations:

sitting down (see table 27).

(23) Symmetry while standing up and sitting down

E.5

(level 1)
It has been demonstrated that exercising symmetric

Exercising stance control with
visual feedback while standing on
a force platform

standing up and sitting down has a positive effect on

Visual feedback (VF) can be used to support the train-

an even left-right distribution of body weight during

ing of symmetry while standing on a force platform.

these position changes and on the speed of perfor-

In ICF terminology, the goal of this intervention can

mance of these activities. This effect has been demon-

be classified in domain d4154: ‘maintaining a stand-

strated in patients in the post-acute and chronic phas-

ing position’.8

es. It is unclear if these effects on speed of standing up

The force platform consists of two separate force

and sitting down persist after the end of the interven-

plates and offers a global representation of the verti-

tion.

cal projection of the body centre of gravity (BCoG) on

Table 27. Measuring instruments to evaluate exercising standing up and sitting down.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Balance:

• Motricity Index (lower extremity)

• Timed Balance Scale

Balance:

Transfer and walking ability:

• Berg Balance Scale

• Timed Up&Go Test and/or
• Falls Efficacy Scale

Walking ability:
• Functional Ambulation Categories

Walking ability:
• Rivermead Mobility Index

Walking speed:
• 10-metre walking test

Endurance:
• 6-minute walking test

ADL

independence:

• Barthel Index

Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index
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the supporting surface. During bilateral stance, this

stroke.281-287 The size of the study populations ranged

projection falls between the two feet, at the level of

from 10286 to 60281 patients. At the start of the stud-

the os

naviculare.279 The

platform is connected to a

ies, the average time that had elapsed since the onset

computer screen visualizing the projection of the

of stroke was 33 days287 to 18 months.286 The studies

BCoG.

thus included patients from the post-acute282-285,287

The patient is standing with each foot on a

force plate and is instructed not to move their feet

and chronic phases.281,286 The inclusion criterion for

while exercising. The patient is asked to distribute

these randomized studies was being able to stand

their body weight symmetrically over their two legs

independently with or without aid for 1283-285 or 2282

with the help of this

feedback.280

minutes.

This section defines posture control as reaching,

In 6 of the 7 RCTs, the VF offered added value over the

maintaining or restoring a stable posture or activi-

conventional physical therapy treatment forms.281-286

ty.267 The effects of posture control with the help of

Sackley et al. found that training with visual feedback

VF while standing on a force platform are described

on a force platform resulted in improvements in ADL

in more detail.

and walking abilities.283 Additionally, Sackley et al.
claimed that feedback training as an integrated part

E.5.1

Seven

Scientific evidence (Exercising posture control

of the regular physical therapy treatment has a great-

with visual feedback while standing on a force

er effect than conventional physical therapy balance

platform)

training alone.280

RCTs281-287 and

1

CCT117

have been performed

Changes in posture control were evaluated by means

on the use of posture control training with visual

of the Berg Balance Scale282,284,287 and by measuring

feedback on a force platform. The most important

the extent of postural sway285,287 or the symmetry

characteristics of the studies (including their method-

while standing (postural symmetry).281,283,286

ological quality) are shown in the evidence table E.5

The positive effects of training posture control with

in Chapter I.2.

visual feedback on a force platform on ADL, measured

The experimental groups in the 7 RCTs underwent

with the Nottingham Extended ADL index, correspond

training with visual feedback while standing on a

to 2.5 points (25%) on a 10-point scale in the RCT by

force platform.281-287 The patients in the experimen-

Sackley et al.283

tal groups were instructed to maintain a symmetric

Sackley et al. also found statistically significant effects

weight distribution while

standing,281,283,285-287

or to

on the Rivermead Motor Assessment (RMA), which

transfer the weight to the hemiplegic side while

measures aspects like sitting, transfers and walking

standing.282,284 The studies used several systems, such

ability.283 Three RCTs assessed the effect of training

as the Standing Feedback Trainer,281 Nottingham

with the Timed Up&Go test (TUG) and were unable to

Balance

Platform283

and Balance

Master.282,284,287

demonstrate statistically significant differences

The control group in 5 of the 7 RCTs received conven-

between the experimental and control

tional exercise therapy, training on a solid sur-

groups.282,284,287 The RCTs by Walker et al.284 and

face.282,284-287 The control group in the study by

Grant et al.287 and the CCT by Winstein et al.117 found

Sackley et al. received training with placebo feedback

no statistically significant effects on walking speed.

on a force platform.283 In the study by Wong et al.,
the patients of the control group stood in a standing
unit without force plates.281

E.5.2

Evaluation (Exercising posture control with
visual feedback while standing on a force platform)

The CCT by Winstein et al. compared the effects of

The methodological quality of the 7 RCTs varied from

training on a Standing Feedback Trainer and conven-

4284,285 to 6283 points on the PEDro scale (which rang-

tional balance training.117

es from 1 to 10 points),27 which means they were of

The feedback training was given 3282,283 to 10285

reasonably good284,285,287 to good283 quality; details

times a week for about 40 minutes per session (range

are presented in table 28.

15285 to 60281,283 minutes). The training period varied

The working group criticized the lack of a proper ran-

from

2285

to

8284 weeks

(median = 4 weeks).

The 7 RCTs included a total of 184 patients with
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blind the researchers.281,282,284,285

centage improvement implies an average improve-

The qualitative analysis is presented in table 28.

ment of 5 percent with regard to weight symmetry.

Pooling was possible for postural sway, postural sym-

Pooling of these studies for posture control, measured

metry and the Berg Balance Scale. Statistical pooling

with the Berg Balance Scale, yielded a statistically

of the individual effect sizes with regard to postural

non-significant effect size (SES -0.16; 95% CI:

sway and postural symmetry yielded a statistically

-0.68-0.35).282,284,287 As regards the outcome measure

significant homogeneous overall effect size in favour

of ‘transfer and walking ability’, measured with the

of the visual feedback training (SES 0.50; 95% CI:

Timed Up&Go Test, the study sample appeared not to

0.14-0.87).281,283,285-287

be homogeneous. No sensitivity analysis was per-

Conversion of these effect sizes into a weighted per-

formed.

Table 28. Stance control.
Outcome
measure

Duration of NE /NC
intervention

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

ShumwayCook et al.
1988

Postural
sway

2 weeks

8/8

6.46 / 4.69

-1.67 - (-3.75) = 2.08

0.35

-0.64 - 1.34

Wong et al.
1997

Postural
symmetry

3-4 weeks

30 / 30

10.8 / 10

13.3 - 6.9 = 6.4

0.61

0.09 - 1.12

Sackley&
Lincoln
1997

Body weight
ratio

4 weeks

12 / 12

0.07 / 0.05

0.13 - 0.08 = 0.05

0.79

-0.04 - 1.63

Lin &
Chung
1998

Postural
symmetry

4 weeks

5/5

0.10 / 0.13

0.63 - 0.84 = 0.21

1.63

0.16 - 3.11

Grant et al.
1997

Postural
sway

3-8 weeks

8/8

0.05 / 0.09

0.08 - 0.13 = -0.05

-0.65

-1.66 - 0.36

0.50

0.14 - 0.87

Study

Postural sway/
symmetry

SES

(fixed)

Postural
sway/
symmetry

Berg Balance Scale
Grant et al.
BBS
1997

63 / 63

3-8 weeks

8/8

2.1 / 4.2

8.3 - 9.5 = -1.2

-0.34

-1.33 - 0.65

Walker et al.
2000

BBS

3-8 weeks

16 / 14

7.5 / 13.4

10.7 - 10.4 = 0.3

0.03

-0.69 - 0.74

Geiger et al.
2001

BBS

4 weeks

7/6

7.72 / 8.64

4.21 - 7.66 = -3.45

-0.39

-1.50 - 0.71

(fixed)

BBS

-0.16

-0.68 - 0.35

SES

66
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E.5.3

Conclusions (Exercising posture control with

lar therapy. Based on the current knowledge, the

visual feedback while standing on a force platform)

working group recommends daily training over a

It can be concluded that training patients with stroke

period of several weeks, in one or more treatment ses-

to improve posture control while standing with the

sions. The above effects have only been demonstrated

help of visual feedback on a force platform (force

in patients who were in the post-acute phase of the

plates) offers a small added value compared to the

natural course of recovery and were able to stand for

conventional forms of balance training. There are

a minimum of 1 minute, with an aid if necessary. It is

small effects (2-6%) with regard to the symmetry of

unclear to what extent these effects can be general-

weight distribution between the hemiplegic and non-

ized to patients in the chronic phase, or to patients

hemiplegic sides during bilateral stance. These effects

who are unable to sit or stand without an aid for a

were mostly demonstrated in patients in the post-

minimum of 1 minute.

acute phase. To what extent this improved symmetry
results in a better walking ability is still unclear. There

Based on the above, the working group has

are indications that the improved left-right symmetry

formulated the following recommendation:

goes at the expense of speed of walking, standing up
and sitting down. The significance of left-right sym-

(25) Force plates with visual feedback (level 1)

metry for balance, in terms of safety and efficacy,

It has been demonstrated that training postural con-

remains unclear.

trol while standing on force plates (force platform)
with the help of visual feedback (computer screen)

E.5.4

Implications for treatment (Exercising

has a positive effect on the distribution of the body

posture control with visual feedback while

weight over the hemiplegic and non-hemiplegic legs

standing on a force platform)

during bilateral stance in patients in the post-acute

The working group recommends training postural

phase.

control while standing on a force platform with the

It is unclear to what extent these effects result in a

help of visual feedback as an integrated part of regu-

better walking ability.

Table 29. Measuring instruments to evaluate exercising stance control with visual feedback while standing on a
force platform.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Balance:

• Motricity Index (lower extremity)

• Timed Balance Scale

Balance:

Transfer and walking ability:

• Berg Balance Scale

• Timed Up&Go Test and/or
• Falls Efficacy Scale

Walking ability:
• Functional Ambulation Categories

Walking ability:
• Rivermead Mobility Index

Walking speed:
• 10-metre walking test

Endurance:
• 6-minute walking test

ADL

independence:

• Barthel Index

Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index
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E.5.5

Optional measuring instruments

in patients with stroke. If a combination of strength

(Exercising posture control with visual feedback

and endurance training was given, the study was clas-

while standing on a force platform)

sified according to the training form that was per-

The working group recommends several measuring

formed for more than 50 percent of the time.

instruments to evaluate the exercising of posture control with visual feedback while standing on a force
platform (see table 29).

E.6.1

Scientific evidence (Training muscle strength
and physical endurance)

Five RCTs292-296, 2 CCTs297,298 and 3 pre-experimental

E.6

Training muscle strength and
physical endurance

studies299-301 have been performed on the effects of
strength training, and 5 RCTs89,120,302-304, 1 CCT305 and

patients with stroke are often in worse physical con-

1 pre-experimental study306 on the effects of endur-

dition than healthy contemporaries.288 In addition to

ance training. The most important study characteris-

reduced muscle strength, cardiac co-morbidity often

tics (including their methodological quality) are pre-

contributes to a decreased physical endurance and a

sented Chapter I.2. In 5 RCTs, strength training was

decreased action

radius.254

This in turn results in

offered to patients in the experimental group with

reduced independence as regards certain ADL activi-

the help of:

ties, such as shopping. On the other hand, they need

(1) the Kinetron, an isokinetic training appara-

more energy to move about as a result of their hemi-

tus;292,295 (2) a leg-press apparatus (Elgin table);294 (3)

plegia.289,290

functional strength training such as stair climbing

Fatigue is thus a common complaint in

patients with stroke.

and cycling296 and (4) static strength training for the

Strength training is a controversial subject in the

lower limbs with the help of visual feedback.293 The

rehabilitation of patients with stroke. Some neurolog-

control groups were given: (1) non-intensive conven-

ical concepts assume that strength training will lead

tional therapy;292,295 (2) functional training;294 (3)

to a pathological and undesirable increase in muscle

static strength training for the upper limb with the

tone, which hampers the recovery process. As a result,

help of visual feedback293 or (4) no physical therapy

strength training is not recommended by Bobath- or

treatment.296,304

NDT-based

approaches.

Endurance training was provided in 5

A distinction can be made between training pro-

RCTs.89,120,302-304

grammes that focus on the improvement of muscle

groups trained for physical endurance with the help

strength (strength training) and programmes that

of: (1) fitness equipment, such as the cycle ergome-

focus on the improvement of physical endurance

ter;302,304 (2) a home-based exercise programme,

(endurance training). Strength training is defined as

emphasizing balance, strength and physical endur-

the isometric or isokinetic strengthening of muscles

ance;303 (3) gait training on a treadmill89 and (4) cir-

by means of static or repetitive eccentric and/or con-

cuit training with 10 workstations, including stand-

centric resistance exercises, with or without special-

ing up and sitting down, walking on a treadmill and

ized equipment.291 Endurance training is defined as a

walking on several surfaces.120

training form with the primary goal of improving

The control groups in these 5 RCTs89,120,302-304 were

physical endurance. Endurance training is usually

given: (1) a standardized exercise programme with

performed on a treadmill, rowing or cycle ergometer,

passive movements of the limbs;302 (2) conventional

often combined with exercises to improve ADL, focus-

physical therapy;89,303 (3) a circuit training with

ing on repetitive exercises, such as standing up, sit-

workstations focused on the upper limbs120 or (4) no

ting down, training on exercise steps and/or climbing

physical therapy treatment.304 The training frequency

stairs.291

in the 10 RCTs89,120,292-296,302-304 varied from 2292 to

In ICF terms, the goals of these interventions can in

5295 times a week, with sessions lasting 30302 to

ICF

be classified in the domains b730 up to and

The patients in the experimental

9089,295,303 minutes. The training period lasted 2295 to

including b749 ‘muscle functions’ and b455 ‘exercise

12304 weeks. The 10 RCTs included 290 patients with

tolerance’.8

stroke.89,120,292-296,302-304 The study populations var-

This section discusses the evidence for the

use of strength training as well as endurance training
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studies, 1 week89 to 8 years120,293,296,302,304 had

varied from 3295,296 to 7303 points on the PEDro scale

elapsed since the onset of stroke. The studies thus

(which ranges from 0 to 10).27 The quality of the RCTs

included patients from the acute or

sub-acute,89

post-

acute292,294,303 and chronic120,293,296,302,304 phases. In
1 RCT this was not

specified.295

groups in the lower

Only in

the RCT by Bourbonnais et al.293 and the CCT by
Bütefisch et

al.298

to good.303 The quantitative analysis of strength and
endurance training is shown in tables 30 to 33.

All 10 RCTs offered

strength or endurance training for the larger muscle
limbs.89,120,292-296,302-304

can therefore be classified as ranging from poor295,296

As regards strength training, pooling was only possible for muscle strength in the lower limbs and for
comfortable walking speed. As regards endurance
training, pooling of the individual effect sizes yielded

were the muscles of the upper

limbs trained, while the RCT by Duncan et al.303

a statistically significant homogeneous overall effect

involved a combination of endurance training for the

size for muscle strength of the paretic leg in favour of

upper and lower limbs.

the group that did muscle strengthening exercises (SES

The RCTs reported positive effects for: (1) muscle

0.56; 95% CI: 0.07-1.05).294,296 Converted to a weight-

strength in the legs, measured with: (a) a leg-press

ed percentage change, this corresponds to a 44 per-

(Elgin

table294 or

LifeFitness304),

(b) the Cybex II

cent improvement in the muscle strength of the

(isokinetic dynamometer)296 or (c) a force platform

paretic leg in the strength-trained group compared

(surface reaction forces) while standing up and sitting

with the control group.

down;120 (2) physical endurance, measured with: (a) a

Pooling of the individual effect sizes for endurance

VO2max

measurement;302,304

(b) a two-minute walk-

ing test293 or (c) a six-minute walking test;120,303 (3)
balance, measured with the Berg Balance

Scale;303

(4)

comfortable walking speed, measured over a distance
of

22296,

12293,

10120,303

or 4

m89

and (5) ADL inde-

training was possible for 2 RCTs.120,303 These studies
used the six-minute walking test as the outcome measure to assess physical endurance. Pooling of the 2
RCTs

for physical endurance resulted in statistically

non-significant overall effect sizes (SES 0.47; 95% CI:

pendence, measured with an unspecified test.294

-0.27-1.21).120,303 Two other randomized studies used

On the other hand, the RCTs found no differential

a VO2max measurement.296,304 Although positive

effects for: (1) stride length;295 (2) spasticity of the

effects were demonstrated for the VO2max outcome

quadriceps and calf muscles, measured with the pen-

measure, the samples appeared not to be homoge-

dulum test296 and the passive stretch test,296 respec-

neous for this measure.296,304

tively; (3) walking ability, measured with the

Pooling of the findings on endurance training for

Functional Ambulation Profile (FAP)292 or with the

comfortable walking speed yielded statistically non-

Timed Up&Go

Test293 and

(4) ADL independence, mea-

sured with the Barthel Index303 and the Lawton

significant overall effect sizes (SES 0.44; 95% CI:
-0.15-1.03).89,120,303

Instrumental ADL scale.303
Conflicting results were found with the Brunnstrom
Fugl-Meyer Assessment (BFM), some reporting positive

E.6.3

Conclusions (Training muscle strength and
physical endurance)

effects303 and others reporting no differences.89,293,302

The results of the studies on strength and/or endur-

The CCT by Engardt et al. found that eccentric

ance training are based on small numbers of patients,

strength training for the lower limb is more effective

and the effects have not always been evaluated at

than concentric

training.297

Kelly et al. showed in

activity level. Almost all studies focused on the train-

their CCT that endurance training leads to greater

ing of the lower limb. Muscle strengthening (strength

physical endurance and strength training to greater

training) has been found to have a positive effect on

muscle strength.305 The latter suggests that endurance

the strength of the paretic leg and on comfortable

and strength training have specific effects and hardly

walking speed. No negative effects were found in

affect to one another.

terms of increased spasticity. Two controlled studies
even provided indications that the muscle tone

E.6.2

Evaluation (Training muscle strength and

decreased as a result of strength training.296,298

physical endurance)

Endurance training seems to show a positive trend

The methodological quality of the included studies
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Table 30. Strength training and muscle strength.
Study

Inaba et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

4-8 weeks

28 / 26

10.5 / 10.5

13.48 - 6.96 = 6.52

0.61

0.46 - 0.76

10 weeks

6/7

123 / 123

240 - 192 = 48

0.36

-0.25 - 0.98

0.56

0.07 - 1.05

Outcome

Duration of

measure

intervention

Elgin-table

Cybex II

1973
TeixeiraSalmela et al.
1999
SES

(fixed)

34 / 33

Table 31. Strength training and comfortable walking speed.
Study

Glasser et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

5 weeks

10 / 10

0.38 / 0.25

0.49 - 0.34 = 0.15

0.45

0.05 - 0.84

22 m walk

10 weeks

6/7

0.31 / 0.34

0.24 - (-0.02) = 0.26 0.74

0.11 - 1.37

12 m walk

6 weeks

12 / 13

0.30 / 0.39

0.22 - (-0.01) = 0.23 0.64

0.31 - 0.96

0.60

0.06 - 1.12

Outcome

Duration of

measure

intervention

10 m walk

1986
TeixeiraSalmela et al.
1999
Bourbonnais
et al. 2002
SES

(fixed)

28 / 30

Table 32. Endurance training and physical endurance.
Study

Duncan et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

6 min walk 12 weeks

10 / 1

136 / 136

195 - 114 = 81

0.57

0.17 - 0.97

6 min walk 4 weeks

5/4

119 / 155

42.1 - 4.7 = 37.4

0.25

-0.64 - 1.13

0.47

-0.27 - 1.21

Outcome

Duration of

measure

intervention

1998
Dean et al.
2000
SES

70

(fixed)

15 / 14
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Table 33. Endurance training and comfortable walking speed.
Study

Richards et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

6 weeks

9/8

19.8 / 18.7

31.3 - 30.0 = 1.3

0.06

-0.40 - 0.53

10 m walk

12 weeks

10 / 10

0.17 / 0.17

0.25 - 0.09 = 0.16

0.90

0.49 - 1.31

10 m walk

4 weeks

5/4

50.9 / 53.3

12.6 - 0.1 = 12.5

0.21

-0.67 - 1.10

0.44

-0.15 - 1.03

Outcome

Duration of

measure

intervention

4 m walk

1993
Duncan et al.
1998
Dean et al.
2000
SES

(fixed)

24 / 22

Table 34. Measuring instruments to evaluate therapy to improve muscle strength and physical endurance.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness passive movements:

• Motricity Index (lower and upper extremity)

• Modified Ashworth Scale (elbow and knee)

Walking ability:

Synergy:

• Functional Ambulation Categories

• Brunnstrom Fugl-Meyer Assessement (lower
and upper extremity)

Walking speed:
• 10-metre walking test

Walking ability:
• Rivermead Mobility Index

ADL independence:

• Barthel Index

Transfer and walking ability:
• Timed Up&Go Test and/or
• Falls Efficacy Scale
Endurance:
• 6-minute walking test
Cycle ergometer test:
• cycling endurance
Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index
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sured by the six-minute walking test and VO2max, as

It is plausible that strength training (including func-

well as on comfortable walking speed.

tional strength training) of the paretic leg with the

Current knowledge suggests that a combination of

help of fitness equipment or forms of functional

strength and endurance training, using workstations

training does not increase spasticity in patients in the

(aerobics/fitness), offers added value for walking abili-

chronic phase.

ty in all phases of the natural recovery course.307
(28) Aerobics and fitness programmes (level 3)
E.6.4

Implications for treatment (Training muscle

There are indications that the combination of

strength and physical endurance)

strength and endurance training (aerobics/fitness or

The working group recommends endurance training

forms of functional training) has a positive effect on

for all patients with stroke. Strength training has to

physical endurance and comfortable walking speed in

be seriously considered for patients with stroke who

the acute or sub-acute, post-acute and chronic phases.

have reduced muscle strength in the paretic leg. To
improve strength and physical endurance, the work-

E.6.5

ing group recommends training with a minimum fre-

Optional measuring instruments
(Training muscle strength and physical endurance)

quency of 2 to 3 times a week for a minimum of 30

The working group recommends several measuring

minutes. There are indications that these forms of

instruments to evaluate therapy to improve muscle

training are effective in all phases after stroke. The

strength and physical endurance (see table 34).

working group recommends providing endurance
training with the help of fitness equipment, such as a

E.7

rowing or cycle ergometer or a treadmill, or to use

Body-weight supported treadmill
training

functional exercises, such as climbing stairs and walk-

Gait training in which a part of the patient’s body

ing over longer distances and on different surfaces.

weight is supported, is called Body-Weight Supported

Effective strength training options include exercises

Treadmill Training (BWSTT).119,308-311 Other studies use

in a fitness room using equipment like a leg-press

the term Partial Body Weight Support (PBWS).312,313

apparatus, as well as functional training like standing

In ICF terms, the goal of this intervention can be clas-

up and sitting down in a chair, cycling and stair

sified in domain d4508, ‘walking otherwise speci-

climbing. The fear of increased spasticity in the limb

fied’.8 Early functional loading of the hemiplegic leg

seems unfounded.

of patients with stroke seems to be an effective method to improve the supporting function of the spastic

Based on the above, the working group has

paretic leg. Patients who are not able to support their

formulated the following recommendations:

own body weight are more or less forced by BWSTT to

(26) Strength training (including functional strength

on a treadmill, while hanging in a parachute harness,

training) and muscle strength (level 1)

which is attached to an elastic system that absorbs

It has been demonstrated that strength training

the vertical body movements during the entire walk-

(including functional strength training) of the paretic

ing cycle. The extent of body weight support can usu-

leg with the help of fitness equipment or forms of

ally be continuously adjusted (0-100%).308 Although

functional training, at a minimum frequency of 2 to

several types of harness are being recommended for

3 times a week, has a positive effect on the muscle

this therapy in the literature, the added value of spe-

strength of the paretic leg and the comfortable walk-

cific harnesses has not been examined in detail.310

ing speed in the post-acute and chronic phases after

BWSTT

the onset of stroke. It remains unclear whether

presence of two physical therapists. Sitting beside the

strength or endurance training is effective for training

treadmill on the hemiplegic side, one therapist uses

the upper limb of patients with stroke.

guided active movement to move the paretic leg dur-

functionally load the paretic leg. In BWSTT they walk

for patients with stroke usually requires the

ing the swing phase, and if necessary this therapist
(27) Strength training (including functional strength

also stabilizes the paretic knee during the support

training) and spasticity (level 2)

phase. A second therapist instructs the patient and
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checks the balance, standing behind the patient. For

other hand, the BWSTT was compared with regular gait

a detailed description of supervision during BWSTT,

training on the floor, while Nilsson et al.308 compared

please consult the publications by Nilsson et al.,308

BWSTT

Smits-Engelsman et al.314 and Hesse et al.311 The

principles of the Motor Relearning Programme (MRP).

number of staff involved in the BWSTT, and the fact

The randomized trial by Sullivan et al. examined the

that the physical therapists often have to work close

effects of BWSTT at different walking speeds.309 The

to the floor, makes BWSTT a very labour-intensive ther-

average walking speed at the start of the interven-

apy.

tions varied from 0.18 m/sec119 to 0.7 m/sec.308 The

A systematic review article by Dobkin suggests that

frequency of training sessions in the 5 randomized

body weight support varying from 10 to 45 percent of

trials varied from 3309 to 5 times308,312,321 a week,

the body weight may lead to gait improvement and

with sessions lasting 20119,309,321 to 45 minutes312.

enables patients to increase their walking speed.310

The training covered a period of 2321 to 11308 weeks.

with gait training on the floor according to the

Weight support of 45 to 50 percent seems to have a

At the start of the studies on the effects of BWSTT, a

negative effect on the gait of patients with stroke

total of 268 patients with stroke with some walking

(partly by inducing toe gait).315 Although from a bio-

ability were included. At that moment, the study

mechanical point of view, there is no difference

populations varied from 15321 to 100119 patients.

between the push-off forces while walking on the

Thirty-four of these 268 patients with stroke ended

ground or walking on a treadmill, walking on a tread-

the intervention prematurely (13% drop-

mill has the important disadvantage that the body is

outs).119,308,309,321 The 5 RCTs differed considerably

more or less standing still relative to the environ-

with regard to the period between the onset of stroke

ment. This means that no normal optic flow will be

and the first training. At the start of the studies, the

induced, as is the case when walking on solid

average time that had elapsed since the onset of

ground.316

stroke was between 17 days321 and 26 months,309

Further research into the effects of this

intervention on gait is needed. Another important

which means that the patients were in the sub-

aspect is that a person’s comfortable and maximum

acute,308,321 post-acute119,312 and chronic phases.309

walking speed on a treadmill is systematically lower

The average age of the patients was 64

Since no biome-

years.119,308,309,312,321 Some studies included only

chanical differences have been found between the

patients with a primary CVA,119,308,312 while other

push-off forces needed when walking on a treadmill

studies also included patients with a recurrent

and when walking on a floor at the same speed, the

CVA.309,321

difference in preferred speed must have a different

on their own at the start of the intervention (FAC = 3)

cause, which also requires further research. This sec-

were eligible for BWSTT in 3 randomized tri-

tion discusses the effects of BWSTT in patients with

als.309,312,321 Visintin et al.119 excluded patients with

stroke.

a normal gait, so that only patients with FAC < 5 were

than while walking on a

floor.317

Only patients who were not able to walk

included. Nilsson et al. used no selection criteria for
E.7.1

Scientific evidence (Body-weight supported

walking ability (FAC 0-5).308

treadmill training)

The 5 RCTs studied several outcome measures and

Two systematic reviews,318,319 1 critical review,320 5

found different effects. Positive effects of BWSTT were

RCTs119,308,309,312,321

observed for: (1) balance, measured with the Berg

and

1CCT313

have been performed

on BWSTT in patients with stroke. The most important

Balance Scale (BBS)119,308; (2) physical endurance,

characteristics of the studies (including their method-

measured with the maximum distance until fatigue

ological quality) are presented in Chapter F.1.2.

test (MDUF)119 or the 5-minute walking test321; (3)

The initial body weight support (BWS) in the 5 RCTs

walking ability, measured with the Functional

was on average 30 to 40 percent, with a range of 0119

Ambulation Categories (FAC)308,321 and (4) walking

to

64308

percent BWS. The randomized trial by Visintin

et al. compared the effects of BWSTT with the effects of
treadmill training without

BWS.119

In the RCTs by

Kosak and Reding312 and Da Cunha et al.321 on the
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speed, measured with the 10-meter walking test
(TMW)119,308,309 or 5-m walking test.321 One CCT313 and
5 pre-experimental studies118,315,317,322,323 of BWSTT
confirmed the positive effects of partial weight bear-
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ing (PWB) on walking ability and walking speed.

-0.17-0.37)119,308,309,312,321 and balance (SES 0.27; 95%

To increase the comfortable walking speed of stroke

CI:

patient’s own choice, BWSTT at higher treadmill veloci-

Further analysis of the studies with regard to walking

ty is more effective than treadmill training at lower

speed show that the patient’s starting speed seems to

speeds.309,317

determine the effect size. In the study by Visintin et

The observed differences between these

-0.07-0.61)119,308 were not statistically significant.

two walking conditions in the randomized trial by

al.,119 which included patients with an initially low

Sullivan et al., however, were small (0.09 m/sec) and

walking speed, the effect size appeared to be greater

therefore clinically irrelevant.309 Kosak and Reding

than in the study by Nilsson et al.,308 in which the

initially found no differences in outcome measures

patients had a higher initial speed. It is possible that

between the experimental and control groups.

BWSTT

However, their study featured only a minor treatment

specifically trained for during the treatment.119,309

does have effects on the walking speed if this is

contrast.312 The control group, fitted with a KAFO
(knee ankle foot orthosis) or AFO (ankle foot orthosis)
to load the paretic leg during walking at an early

E.7.3

Conclusions (Body-weight supported treadmill
training)

stage, was compared with the experimental group

The evidence for the value of treadmill training with

that had BWSTT at an early stage.312 A subgroup analy-

body weight support (BWSTT) in patients with stroke is

sis found significant improvements in physical endur-

weak. Reasons for this are the limited number of stud-

ance and walking speed for the severely affected

ies and the use of different outcome measures in the

patients with stroke in this

study.312

studies. Nevertheless it can be concluded that the use
of a harness to support the weight while walking on a

E.7.2

Evaluation (Body-weight supported treadmill

treadmill offers some added value in terms of

training)

improvement of physical endurance. The randomized

The methodological quality of the included studies

trials show that this conclusion is especially true for

varied from 4 to 7 points on the PEDro scale27 (which

patients with stroke in the sub-acute and post-acute

ranges from 0 to 10 points) and is shown in tables 35,

phases who are unable to walk independently at the

36, 37 and 38. The studies were therefore of reason-

start of the intervention (FAC < 3).119,312,321 The added

ably good to good quality. The lack of an intention-

value with regard to physical endurance therefore

to-treat analysis in the 5 RCTs,119,308,309,312,321 in com-

seems greater for this group of severe patients with

bination with the large numbers of dropouts during

stroke.312 The latter suggests that BWSTT enables

the intervention in the studies by Nilsson et al.

patients to walk longer than during a training with-

(10%),308

out body support. Da Cunha et al. suggest that

Sullivan et al.

(17%),309

Da Cunha et al.

(20%)321 and Visintin et al. (21%),119 makes the value

patients use up less energy during BWSTT than when

of the reported effects doubtful. Additionally, 4 of the

walking on a floor.321 This assumption is supported

5 RCTs lacked proper randomization proce-

by the pre-experimental study by Danielsson et al.,

dures.119,309,312,321

who showed that oxygen consumption was 12 per-

Tables 35 to 38 present the quantitative analysis of

cent lower while walking with 30 percent body

the randomized trials at activity level. Statistical pool-

weight support than in gait training without body

ing of the individual effect sizes was possible for walk-

support.315 It is especially since walking with BWSTT is

ing speed, walking ability, physical endurance and

less of a physical burden on patients that it enables

balance. Pooling of the randomized studies yielded a

them to sustain longer training sessions.308 The effect

statistically significant homogeneous overall fixed

of BWSTT on gait coordination remains unclear. No

effect size with regard to physical endurance in

added value of BWSTT has so far been demonstrated for

favour of BWSTT (SES 0.70; 95% CI: 0.29-1.10).119,312,321

balance, walking ability or walking speed. If the BWSTT

Converted to a weighted percentage improvement,

includes speed manipulations (task specificity), a

this SES suggests a significant improvement of 31 per-

trend can be observed for this intervention to be

cent in physical endurance.119,312,321 The effect sizes

effective in improving walking speed.320

for walking ability (SES 0.33; 95%
walking speed (SES 0.10; 95% CI:

74

CI: -0.09-0.76),308,321

There are also indications that the walking speed
when walking on a treadmill is lower than while
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Table 35. Walking speed.
Study

Outcome
measure

Duration of
intervention

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

Visintin et al.
1998

10 m walk

6 weeks

43 / 36

0.17/ 0.16

0.34 - 0.25 = 0.09

0.54

0.09 - 0.99

Kosak et al.
2000

2 m. walk

6 weeks

22 / 34

0.3 / 0.17

6-6=0

0

-0.54 - 0.54

Nilsson et al.
2001

10 m walk

11 weeks

32 / 34

0.2 / 0.2

0.3 - 0.4 = -0.1

-0.49

-1.01 - 0.02

Sullivan et al.
2002

10 m walk

12 weeks

8/8

0.26 / 0.29

0.15 - 0.06 = 0.09

0.31

-0.68 - 1.30

Da Cunha
et al. 2002

5 m walk

2-3 weeks

6/7

0.25 / 0.15

0.23 - 0.15 = 0.08

0.37

-0.73 - 1.47

0.10

-0.17 - 0.37

SES

(fixed)

111 / 119

Table 36. Endurance.
Study

Outcome
measure

Duration of
intervention

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

Visintin et al.
1998

MDUF

6 weeks

43 / 36

67.4 / 72.2

102.8 - 58.8 = 44

0.63

0.17 - 1.08

Kosak et al.
2000

MDUF

6 weeks

22 / 34

15 / 11

58 - 49 = 9

1.02

-0.42 - 2.47

Da Cunha
et al. 2002

5 m. walk

2-3 weeks

6/7

26.8 / 15.0

12 - (-7.5) = 19.5

0.95

-0.21 - 2.11

0.70

0.29 - 1.10

SES

(fixed)

71 / 77

Table 37. Balance.
Study

Visintin et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

6 weeks

43 / 36

15.3 / 16.6

37.2 - 29.4 = 7.8

0.49

0.04 - 0.94

11 weeks

32 / 34

19.3 / 16.3

24.4 - 24.5 = -0.1

-0.01

-0.51- 0.50

0.27

-0.07 - 0.61

Outcome

Duration of

measure

intervention

BBS

BBS

1998
Nilsson et al.
2001
SES

75

(fixed)

75 / 70
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Table 38. Walking ability.

Study

Outcome
measure

Duration of
intervention

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

da Cunha
et al. 2002

FAC

2-3 weeks

6/7

0.89 / 1.00

0.44

0.41

-0.70 - 1.51

Nilsson et
al. 2001

FAC

11 weeks

32 / 34

1.5 / 1.6

0.5

0.32

-0.14 - 0.78

0.33

-0.09 - 0.76

SES

(fixed)

38 / 41

walking on the floor. It is unclear to what extent the

times static postures. Furthermore, it will not be pos-

quality of the hemiplegic gait is negatively influenced

sible to have a treadmill with a suspension system in

by the absence of a normal optic flow while walking.

every institution, because of financial constraints or
the available space. If this equipment is not available,

E.7.4

Implications for treatment (Body-weight

however, the working group recommends collaborat-

supported treadmill training)

ing with rehabilitation centres or other institutions

Based on the available knowledge, the working group

where this kind of gait training is possible, because of

recommends the use of BWSTT in patients with stroke

the favourable effect of BWSTT on the physical endur-

who are unable to walk independently or who are

ance of patients with stroke.

physically weak. The effects on gait coordination
have not been sufficiently examined. Although the

Based on the above, the working group has

ideal equipment settings for these training sessions

formulated the following recommendation:

cannot be exactly specified, findings suggest an initial
support of 30 to 40 percent of the body weight and a

(29) Body-weight supported treadmill training

low walking speed of 0.1-0.3 m/sec at the start of the

(level 1)

training. A 20-minute training session is recommend-

It has been demonstrated that Body-Weight

ed at first, involving 3 short walking sessions (about 5

Supported Treadmill Training (BWSTT) (with < 40%

minutes each), with the patient resting in between.

weight support) has a positive effect on physical

Over a period of 3 to 6 weeks, the goal is to increase

endurance in patients who are not able to walk with-

the walking speed, the walking distance and dura-

in 6 weeks after the onset of stroke. BWSTT can be

tion, and to decrease the body weight support to 0

regarded as an important contribution to the conven-

percent. An advantage of BWSTT that has been reported

tional forms of training. It is especially patients with

is that the harness support reduces patients’ fear of

stroke with a weak physical condition, making inten-

falling while walking on a treadmill. In addition, the

sive gait training impossible, who seem to be eligible

physical therapist is able to exert greater influence on

for this kind of therapy.

the desired gait, as a result of the greater interaction
with the patient.324 An additional advantage of BWSTT
is the fact that in one 20-minute session, patients

E.7.5

Optional measuring instruments
(Body-weight supported treadmill training)

take 1000 steps on a treadmill, compared to 50 to 100

The working group recommends several measuring

steps during a conventional training on the floor.

instruments to evaluate BWSTT (see table 39).

BWSTT

also has a number of important disadvantages.

First, BWSTT is a very labour-intensive therapy, usually
requiring two physical therapists, who have to assist
stroke patient in ergonomically difficult and some-
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Table 39. Measuring instruments to evaluate Body Weight Supported Treadmill Training.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Balance:

• Motricity Index (lower extremity)

• Timed Balance Test

Balance:

Transfer and walking ability:

• Berg Balance Scale

• Timed Up&Go Test and/or
• Falls Efficacy Scale

Walking ability:
Walking ability:

• Functional Ambulation Categories

• Rivermead Mobility Index
Walking speed:
Endurance:

• 10-metre walking test

• 6-minute walking test
ADL independence:

Extended ADL abilities:

• Barthel Index

• Nottingham Extended ADL Index and/or
• Frenchay Activities Index

E.8

Treadmill training without body
weight support

is induced, as is the case when walking on solid
ground.316 Another important aspect is that a per-

In this section, treadmill training in which the body

son’s comfortable and maximum walking speed on a

is not supported by a harness is referred to as tread-

treadmill is systematically lower than while walking

mill training without body weight support. In ICF ter-

on a floor.317 Since no biomechanical differences

minology, the goal of this intervention can be classi-

have been found between the push-off forces needed

specified’.8

when walking on a treadmill and when walking on a

fied in domain d4508 ‘walking otherwise

In treadmill training without body weight support,

floor at the same speed, the difference in preferred

patients walk on a treadmill with or without support-

speed must have a different cause.

ing the non-paretic arm on the horizontal bar. The
physical therapist stands beside the treadmill on the
hemiplegic side and assists, if necessary, by facilitat-

E.8.1

Scientific evidence (Treadmill training without
body weight support)

ing hip flexion or placing the foot of the paretic

Four RCTs have been performed on the effects of tread-

leg.325 The physical therapist can also stand on the

mill training without body weight support in patients

treadmill behind the patient to check the patient’s

with stroke.89,325-327 The most important characteris-

balance.325 The important advantage of gait training

tics of the studies (including their methodological

on a treadmill is that (1) it allows better control of

quality) are presented in Chapter F.I.1. The 4 RCTs

walking speed; (2) the therapist is better able to

compared the effect of treadmill training without

observe the gait and (3) if necessary, the therapist can

body weight support with training based on conven-

easily intervene manually.

tional principles.89,325-327 In the study by Pohl et al.,

Although from a biomedical point of view there is no

2 experimental groups were offered different forms of

difference between the push-off forces while walking

gait training and these were compared with conven-

on solid ground or walking on a treadmill, walking

tional gait training on the floor.327 In one experimen-

on a treadmill has the important disadvantage that

tal group, the patients did interval training at maxi-

the body is more or less standing still relative to the

mal walking speed, while in the other experimental

environment. This means that no normal optic flow

group the comfortable walking speed was gradually
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increased. Laufer et al. compared treadmill training

ing speed.326

without body weight support with training on the

The study by Laufer et al. also found increased walk-

floor.325

ing speed in the experimental as well as the control

In the study by Richards et al., the patients

within the first 2 weeks after the onset of stroke fol-

group, with improvements of 135 and 88 percent,

lowed an intensive training programme involving

respectively, but the difference between these two

treadmill training as well as strength training.89 The

groups was not statistically significant.325 Pohl et al.

trial by Liston et al. used a cross-over design in which

suggested that interval training on a treadmill at

groups alternated between 4 weeks of treadmill train-

maximum walking speed resulted in a greater effect

ing and 4 weeks of a standardized training scheme

than training at comfortable speed on the treadmill

(walking and balance interventions).326

or on the floor.327 Walking ability measured with the

In the other 3 RCTs, the conventional physical therapy

FAC

in the control group was based on PNF or the NDT con-

group (0.8 points on an FAC scale).325 Pohl et al. found

cept325,327 or on a conventional treatment method.89

statistically significant differences for walking ability

The frequency of training sessions in the 4 RCTs

in their trial.327 The improvement after 4 weeks of

ranged from

3326,327

to 5

times89,325

a week. The

training sessions lasted several minutes325 to 1
hour326

over a period of

3325

to 6

age of 66

training was 0.9 points on the FAC scale in both
groups.327

weeks.89

These 4 RCTs included 134 patients with an average
years.89,325-327

was significantly improved in the experimental

E.8.2

The study population in the

trials ranged from 18326 to 60327 patients. The inclu-

Evaluation (Treadmill training without body
weight support)

The methodological quality of the 4 randomized tri-

sion criteria with regard to walking ability differed

als varied from 589 to 7326 points on the PEDro scale

widely, and the patients’ actual walking ability ranged

(which ranges from 0 to 10)27 (see table 40). The

from walking for a short time (2 minutes) at low

quality can therefore be classified as reasonably good

speed (at least 0.2 km/hour325) to walking for a longer

to good. One of the points of criticism of the working

time without physical aid at a speed of 0.6 to 7.2 km/

group relates to the incorrect randomization proce-

hour.327 At the start of the study by Richards et al.,

dure.89,325,327 Additionally, 3 of the 4 RCTs did not use

patients with stroke who were unable to walk were

an intention-to-treat analysis.89,325

also included.89 These patients were initially given

Statistical pooling of 2 RCTs on walking ability yielded

maximum support by physical therapists and after 6

a statistically significant overall effect size in favour

weeks of intervention, all patients in the experimen-

of the treadmill training without body weight sup-

tal groups were able to do the gait training.

port: SES 1.09; 95% CI: 0.56-1.61).325,327 See table 40.

At the start of the interventions, the patients were in

Converted to a weighted improvement percentage,

the sub-acute phase (10 days after

stroke),89

post-

acute phase (34 days325 to 16 weeks after stroke327)
and chronic

phase.326

these effects sizes correspond to a 17 percent
improvement in walking ability, or an improvement
of about 0.9 points on an FAC scale.

Two of the 4 randomized trials found statistically sig-

The study samples were not homogeneous in terms of

nificant effects of treadmill training without body

walking ability. The random model showed a statisti-

support on walking ability measured with the

cally non-significant effect; no sensitivity analysis

Functional Ambulation Categories
RCTs

(FAC),325,327

while 3

was performed.

found significant effects on walking speed, mea-

sured with the 10MWT326,327 or the 4MWT.89 In the
study by Liston et al., the increase in walking speed

E.8.3

Conclusions (Treadmill training without body
weight support)

was larger and statistically significant for the group

Controlled studies have demonstrated that treadmill

that was initially given treadmill training.326 The

training without body weight support in patients

groups which were given the two interventions in

with stroke in the post-acute phase offers added value

reverse order (first 4 weeks of gait training on the

with regard to walking ability. The improvement is

floor, followed by 4 weeks of gait training on the

almost a whole point on the FAC scale. However, this

treadmill) showed no positive effect in terms of walk-

conclusion is only based on 2 RCTs.325,327 To what
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Table 40. Walking ability.
Study

Laufer et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

3 weeks

13 / 12

0.8 / 0.85

1.64 - 0.83 = 0.81

0.95

0.12 - 1.78

4 weeks

20 / 20

0.8 / 0.7

1.3 - 0.4 = 0.9

1.17

0.50 - 1.85

1.09

0.56 - 1.61

Outcome

Duration of

measure

intervention

FAC

FAC

2001
Pohl et al.
2002
SES

(fixed)

33 / 32

extent this conclusion holds for the other phases of

Based on the above, the working group has

the natural recovery process remains unclear.

formulated the following recommendations:

Furthermore, there are indications in 4 RCTs that
treadmill training improves walking speed. At the

(30) Treadmill training without body weight sup-

same time, there are indications that the preferred

port (walking ability) (level 1)

speed of walking when walking on a treadmill is low-

It has been demonstrated that intensive treadmill

er than when walking on the floor. No research has

training without body weight support for patients

been done into the effect of treadmill training with-

with stroke with limited walking ability in the post-

out body weight support on physical endurance or

acute phase has a positive effect on their walking abil-

walking distance. It is unclear to what extent the

ity.

absence of a normal optic flow while walking influences the quality of the hemiplegic gait pattern.

(31) Treadmill training without body weight support (physical endurance) (level 2)

E.8.4

Implications for treatment (Treadmill

It is plausible that intensive treadmill training with-

training without body weight support)

out body weight support has a positive effect on

The working group recommends providing treadmill

walking speed in patients with stroke in the post-

training to patients with stroke with a limited walk-

acute phase. Effects on physical endurance, however,

ing ability at least 3 times a week over a period of 3 to

remain unclear.

4 weeks. Based on the available knowledge, it is
impossible to give specific advice for treadmill training without body weight support in terms of duration

E.8.5

Optional measuring instruments
(Treadmill training without body weight support)

and walking speed, but the working group recom-

The working group recommends several measuring

mends starting the training at low speed (0.2 m/sec)

instruments to evaluate treadmill training without

and increasing the speed and walking distance over a

body weight support (see table 41).

number of weeks.
The fact that this form of training requires little extra
therapy time makes treadmill training a useful therapy that is easy to apply. If a treadmill is not available,
however, collaboration should be sought with the
nearest rehabilitation centre or other institution
where this kind of treadmill training is possible.
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Table 41. Measuring instruments to evaluate treadmill training without body weight support.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Balance:

• Motricity Index (lower extremity)

• Timed Balance Test

Balance:

Transfer and Walking ability:

• Berg Balance Scale

• Timed Up&Go Test and/or
• Falls Efficacy Scale

Walking ability:
• Functional Ambulation Categories

Walking ability:
• Rivermead Mobility Index

Walking speed:
• 10-metre walking test

Endurance:
• 6-minute walking test

ADL

independence:
Extended ADL abilities:

• Barthel Index

• Nottingham Extended ADL Index and/or
• Frenchay Activities Index

E.9

Functional electro-stimulation to
improve walking ability

of FES on walking ability. The most important characteristics of the studies (including their methodologi-

Functional electro-stimulation (FES) for patients with

cal quality) are presented in the evidence table E.9 in

stroke is defined as ‘activating the paretic muscles by

Chapter I.2. Three of the 5 RCTs provided the FES inter-

electro-stimulation in a precise sequence to support

vention as an additional therapy besides standard

activities of daily

life’.328 FES is

applied to the lower

physical therapy.330,331,333 The control groups in the

limb, by peroneal nerve activation or by stimulation

3 randomized trials received conventional therapy

of the dorsal flexors of the foot itself, in an attempt to

based on PNF or NDT techniques,330,331 or on passive or

increase the dorsiflexion of the ankle during the swing

actively assisted mobilization of the paretic ankle.333

phase of the hemiplegic

leg.329-331

Electrode applica-

In the RCT by Macdonell et al., FES was, if possible,

tions elsewhere on the hemiplegic leg, such as the

applied in combination with functional activities,

musculi quadriceps and the hamstrings, in the form of

such as rolling over and gait training.333 In the RCT by

Multichannel Functional Electrical Stimulation (MFES)

Cozean et al., 4 treatment groups were formed that

have also

described.329

received FES, biofeedback (BF), a combination of FES

In ICF terms, the goal of this intervention can be classi-

and BF or standard physical therapy.115 In the ran-

fied in domain d4508, ‘walking otherwise specified’.8

domized trial by Bogataj et al., 2 groups alternated

Studies on FES with intramuscular electrodes are not

between conventional therapy and MFES in a cross-

discussed in this section, as these applications are

over design.329 The conventional therapy in this

beyond the scope of physical therapy. This paragraph

study was based on inhibition of muscle tone devel-

describes the effects of FES with surface electrodes on

opment, improvement of the range of motion (ROM)

the paretic leg of patients with stroke to improve their

of the ankle and enhancement of sensory input.329

gait pattern.

Although there has been a systematic review by Glanz
et al., the inclusion criteria in the 4 RCTs330,334-336 dif-

E.9.1

Scientific evidence (Functional electro-

fered widely. In the studies included in this review,

stimulation to improve walking ability)

Bowman et al. described the effects of FES on muscle

One systematic

review,114

2 critical

reviews328,332

and

5 RCTs115,329-331,333 have been performed on the effects

80
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effects of a combination of positional feedback stimu-

ing speed improvement of 0.1 m/sec, and an

lation training and cyclic electro-stimulation,335 and

improved Physiological Cost Index (PCI) after 3

Levin and Hui-Chan gave the experimental group

months during FES stimulation, whereas the control

Transcutaneous Electrical Nerve Stimulation (TENS)

group showed no changes.331 After the end of the FES

treatment.336 The study by Merletti et al. evaluated

stimulation, however, no statistically significant dif-

the effectiveness of FES in improving the gait pat-

ferences were found between measurements at the

tern.330

beginning and the end of the 3-month intervention.

Since the review by Glanz et

al.114 included

only one relevant RCT,330 it is not discussed in this

In addition, no long-term carry-over effects were

section.

found.331

The stimulation parameters used in the controlled

The study by Cozean et al. found no differences in

studies varied widely. The pulse duration varied from

walking speed in the FES group. The other experimen-

0.2329 to 0.3330,331,333 sec and the pulse frequency

tal group, which received FES as well as BF treatment,

varied from 30 Hz329,330 to 50 Hz.333 The stimulation

did show improved walking speed, however.115 In the

cycle with an on/off phase was set differently in each

study by Macdonell et al., the walking ability scores

study: in the study by Merletti et

al.,330

the ratio was

1:2, in Macdonell et al.333 1:3 and in Bogataj et al.329

on the Functional Ambulation Categories (FAC) scale
(which ranges from 0 to 5) had increased after 4

3:1.

weeks by 0.7 points more in favour of the FES group

The training session frequency varied from 3115,333 to

when compared to the control group.333

5329,330 times a week. The treatment sessions took
20330,333 to 60 minutes,331 while the training period
varied from

4330,333

to 6

E.9.2

weeks.115,329

Evaluation (Functional electro-stimulation to
improve walking ability)

In total, 176 patients with stroke were included in the

The methodological quality of the included studies

5 RCTs.115,329-331,333 The study population ranged from

varied from 4 to 6 points on the PEDro scale (which

20329 to 49330 patients. At the start of the studies, an

ranges from 0 to 10) (see table 42).27 The quality can

average of between 26 days333 and 4.5 years331 had

therefore be classified as reasonably good to good.

elapsed since the onset of stroke. The studies there-

The lack of an intention-to-treat analysis in 4 of the 5

fore included patients from the

sub-acute,333

post-

RCTs115,329,330,333

and the fact that the researcher was

acute329,330 and chronic phases.115,331 Inclusion crite-

not blinded in 2 randomized trials329,331 makes the

ria were the absence of spasticity,330 muscle weakness

value of the reported effects doubtful. The working

of the dorsal flexors of the ankle333 or paresis of the

group criticized the randomization procedure in 3 of

foot

elevators.331

the 5 RCTs and the lack of details about this proce-

Statistically significant effects were found for walking

dure.115,330,333

speed,329,331

Statistical pooling of 2 RCTs with regard to the extent

walking

ability,333

synergy forma-

tion,329,331 walking efficiency331 and muscle

of synergy formation did not result in statistical sig-

strength.330 The

nificance (SES 0.01 SDU; 95% CI: -0.51-0.53).329,333

study by Burridge et al. found a walk-

Table 42. Synergy formation.
Study

Macdonell

NE /NC

SDE /SDC

ΔE-ΔC

ES gu 95%-CI

4 weeks

20 / 18

6.4 / 5.9

5.7 - 6.7 = -1

-0.16

-0.80 - 0.48

3 weeks

10 / 10

35 / 22.7

17.1 - 6.9 = 10.2

0.33

-0.55 - 1.21

0.01

-0.51 - 0.53

Outcome

Duration of

measure

intervention

BFM

BFM

et al. 1994
Bogataj et al.
1995
SES
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The quantitative analysis is presented in table 42.
Statistical pooling for muscle strength and walking

E.9.4

Implications for treatment (Functional
electro-stimulation to improve walking ability)

ability was impossible due to the lack of controlled

The added value of FES in improving foot elevation

studies. Furthermore, the results of the 2 RCTs regard-

while walking remains unclear. Nevertheless, the use

ing walking speed did not appear to be homoge-

of FES might be considered as a temporary orthosis to

neous.329,331 Random effect assessment, however, did

support the dorsiflexion of the paretic ankle while

not show any differential effects with regard to walk-

walking. To evaluate the FES application for the hemi-

ing speed.

plegic leg the working group recommends making use
of a laboratory setting where the effects on the hemi-

E.9.3

Conclusions (Functional electro-stimulation to

plegic gait pattern can be objectively examined. It is
worth mentioning that the FES application and espe-

improve walking ability)

Randomized trials on FES of the lower limb showed no

cially MFES is time-consuming and requires consider-

differential effects with regard to the extent of syner-

able expertise.329

gy formation or walking speed. Nor has it been demonstrated that FES of the lower leg is still effective after

Based on the above, the working group has

the stimulation is ended. It is possible that the reason

formulated the following recommendation:

why these generalization effects were not found was
that none of the studies assessed the kinematics of FES

(32) Functional electro-stimulation (level 1)

during walking. Although a positive effect was dem-

It has been demonstrated that the use of functional

onstrated for walking ability, measured with the FAC,

electro-stimulation (FES) on the paretic leg has no add-

this effect size was examined in only one
FES

study.333

can possibly be used to treat at impairment level

ed value for walking speed or walking ability in
patients with stroke.

(for example to improve the muscle strength of the
dorsal flexors of the ankle).

Table 43. Measuring instruments to evaluate FES to improve walking ability.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Synergy formation:

• Motricity Index (lower extremity)

• Brunnstrom Fugl-Meyer Assessment (lower
extremity)

Balance:
• Berg Balance Scale

Range of motion:
• Neutral-0 method (goniometer)

Walking ability:
• Functional Ambulation Categories

Balance:
• Timed Balance Test and/or

Walking speed:

• Falls Efficacy Scale

• 10-metre walking test
Walking ability:
• Rivermead Mobility Index
Walking distance:
• 6-minute walking test
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E.9.5

Optional measuring instruments

also included 2 CCTs348,351 besides 2 RCTs.115,342 The

(Functional electro-stimulation to improve

systematic reviews by Glanz et al.346 and Moreland et

walking ability)

al.113 included only RCTs. In 6 of the 11

The working group recommends several measuring

RCTs,115,338,339,341,343,347

the patients in the

instruments to evaluate functional electro-stimula-

experimental groups received EMG/BF therapy, while in

tion of the paretic leg to improve walking ability (see

5 RCTs335,337,340,342,344 they received EMG/BF therapy in

table 43).

addition to standard physical therapy.
The control groups were treated according to the NDT

E.10

EMG/Biofeedback treatment to
improve walking ability

EMG/Biofeedback

therapy (EMG/BF) is a form of treat-

concept,340,341 a combination of neurological exercise
concepts (Rood, Kabat, Knott and Voss, Brunnstrom
and NDT),337 a combination of NDT/MRP,339 or

ment in which electric motor unit potentials are

unspecified neuromuscular facilitation techniques,335

recorded via electrodes applied to the muscles and in

or were given gait training,342 standard physical

which a biofeedback unit converts these potentials

therapy or no therapy.388

into visual or auditory information for patient and

The feedback training was offered 2338,339 to

therapist.113 During this therapy, the patient is

5335,340,343 times a week (median = 3) in sessions

instructed to increase or decrease the activity of the

lasting about 35 minutes (range: 20343 to 60340

muscles concerned.113

minutes). The training period varied from 2343 to 12

In ICF terms, the objectives of this intervention can be

weeks338 (median = 5 weeks). In 3 RCTs,338,344,347 the

classified in domain d4508, ‘walking otherwise speci-

number of minutes per training session was not

fied’.8

specified. The 11 randomized trials115,335,337-344,347

EMG/BF

was a popular method especially in the 1970s

included a total of 236 patients with stroke, with

and 1980s. EMG/BF is applied to the lower limbs of CVA

study populations ranging from 8339 to 40335 patients.

in an attempt to improve aspects like walking speed,

At the start of the study, the time elapsed since the

symmetric distribution of body weight during stand-

onset of stroke was between 36 days347 and 33.6

ing, gait quality and range of motion of the ankle or

months.342 The studies thus included patients from

knee, by means of auditory or visual feedback. The

the post-acute335,343,344,347 and chronic

EMG

signal is recorded via external electrodes that are

phases.115,337-340,342 Mulder et al. did not report

applied to the musculi tibialis anterior/gastrocne-

which phase the patients were in.341 Inclusion criteria

mius115,337-343 or musculi quadriceps/ham-

in these randomized studies were: (1) walking

strings.335,337,344

independently over a short distance, with or without
a walking aid115,337-339,341,342,344; (2) presence of a

E.10.1 Scientific evidence (EMG/Biofeedback
treatment to improve the walking ability)

Three systematic

reviews,113,345,346 11

RCTs115,335,337-344,347

and 5 CCTs348-352 have assessed

drop foot340,343 or (3) a minimum of 5 degrees of
active knee extension in stance.335
At the impairment level, 3 RCTs reported a statistically
significant effect on the range of motion

the use of EMG/BF for the lower limbs. The most

improvement of ankle dorsiflexion,115,338,342 while 2

important characteristics of the studies (including

other randomized trials reported non-significant

their methodological quality) are presented in the

findings for this improvement.337,341 Two studies did

evidence table E.10 in Chapter I.2.

not assess the range of motion of the ankle, but that

The systematic review by Moreland et al. only

of the paretic knee.335,344 The range of motion of the

included studies that examined the effect of EMG/BF on

ankle was measured by a quantitative gait analysis on

functions of the lower

limbs.113

The other two

a treadmill,115 using a goniometer337,341,342 or

systematic reviews included studies on the

electrogoniometer.338 The RCT by Basmajian et al.

effectiveness of EMG/BF in the lower as well as the upper

found a positive effect of EMG/BF on the strength of the

limbs.345,346 These three systematic reviews113,345,346

ankle muscles.342

included partly the same

studies.115,341,342,344,351 A

systematic review by Schleenbakker and Mainous345
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randomized trials found no clear improvement in

Statistical pooling of the studies on muscle strength of

walking speed.340,341,347 Walking speed was measured

the dorsal flexors of the ankle yielded a statistically sig-

by quantitative gait analysis on a

nificant overall effect size in the review by Moreland et

treadmill115,337,339,340 or a 10 m347 or 6 m walking

al.113 This quantitative analysis, however, was based on

test.341

only 2 randomized studies,342,351 and one of these

The 3 systematic reviews reported

contradictory results.113,345,346 Schleenbaker and

studies351 was quasi-experimental. The effect sizes for

Mainous concluded that biofeedback has a statistically

muscle strength have therefore not been pooled for this

significant added value compared to conventional

section.

exercise forms that did not include

feedback.345

The

positive outcomes in this review, however, have to be
viewed with some

skepticism.345

The outcome

Our quantitative analysis at the impairment level with
regard to range of motion of the paretic ankle and at
activity level with regard to walking speed is described

measures used in the review were applicable to the

in tables 44 and 45.

upper as well as the lower limbs and difficult to

Statistical pooling of the studies yielded statistically

compare.345 The systematic review by Glanz et al.

non-significant overall effect sizes in favour of EMG/BF

concluded that biofeedback had no statistically

for walking speed (SES 0.31: 95% CI: -0.16-0.78),113 and

significant effect on the improvement of the range of

for ankle range of motion (SES 0.08; 95%

motion of the ankle and knee joints of the paretic

CI:-0.42-0.57).113

leg.346 A systematic review by Moreland et al.
concluded that EMG/BF only had added value with
regard to muscle strength of the dorsal flexors of the
paretic

ankle.113

The other outcome measures, ankle

E.10.3 Conclusions (EMG/Biofeedback treatment to
improve walking ability)

It can be concluded that applying EMG/BF has no effect

range of motion, stride length and speed and quality

on the improvement of the range of motion of the

of walking, showed improvements that did not differ

paretic ankle and walking speed in patients with

significantly from those achieved without EMG/

stroke. The reported positive effect of EMG/BF on mus-

biofeedback.113

cle strength of the dorsal flexors of the ankle is doubtful, since this effect was found only in 1 RCT, of poor

E.10.2 Evaluation (EMG/Biofeedback treatment to

methodological quality.

improve walking ability)

The methodological quality of the 11 RCTs varied from
2344 to 6115,340,343 on the PEDro scale (which ranges
from 0 to 10) (see table

42).27

to

The working group criticized the

incorrect randomization procedure and the lack of an
intention-to-treat

back treatment to improve walking ability)

The working group does not recommend the use of

The quality therefore ranged from poor338,339,341,342,344
good.115,340,343

E.10.4 Implications for treatment (EMG/Biofeed-

EMG/Biofeedback

therapy in patients with stroke to

improve the active range of motion of the ankle or
the walking speed.

analysis.115,335,337-344,347

Furthermore, the experimental and control groups were

Based on the above, the working group has

not comparable in 7 of the 11 studies with regard to

formulated the following recommendation:

the most important prognostic indicators,337-339,341,
342,344,347

and the researcher was not blinded in 4 of

the 11 RCTs.335,339,341,342 Some studies failed to report
complete

data.341,342,344

Since it was impossible to

(33) EMG/Biofeedback therapy for foot elevators
(level 1)
It has been demonstrated that the application of EMG/

retrieve the missing data, statistical pooling could not

Biofeedback therapy to foot elevators of the paretic

be performed. Instead, the working group used the

leg while walking offers no added value for the range

effects sizes calculated by Moreland et al. with regard to

of motion of the dorsiflexion of the ankle or for walk-

walking speed and ankle range of

motion.113

The anal-

ysis of walking speed could also have included the
recent study by Bradley et

al.347

However, the data

from this study were also incomplete and could not be

ing speed.
It is unclear whether EMG/Biofeedback therapy offers
any added value with regard to muscle strength of the
dorsal flexors of the lower limb.

provided by the author.
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Table 44. Range of Motion.*

Study

Basmajian

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

5 weeks

10 / 10

?/?

?

0.55

-0.45 - 1.25

Ankle AROM

4 weeks

5/5

6.58 / 0.25

15.38 - 17.44 = -2.1

-0.23

-1.60 - 1.10

Ankle AROM

5 weeks

6/6

?/?

?

-0.65

-1.65 - 0.30

Ankle AROM

6 weeks

11 / 11

?/?

6.9 - 5.18 = 1.72

0.18

-0.75 - 0.80

0.08

-0.42 - 0.57

Outcome

Duration of

measure

intervention

Ankle AROM

et al. 1975

Binder et al.
1981

Mulder et al.
1986

Burnside et al.
1982
(quasi-exp)

SES

(fixed)

32 / 32

* Data from the systematic review by Moreland et al.113
Table 45. Walking speed.*
NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

4 weeks

5/5

49.6 / 17.7

18.8 - (-10.9) = 29.6

0.54

0.09 - 0.99

6 m. walk

5 weeks

6/6

7.86 / 2.6

3.15 - 2.2 = 0.95

-0.01

-1.30 - 1.28

John

15 m. walk

3 weeks

6/6

?/?

?

-0.20

-1.45 - 1.10

1986

+ stairs

6 weeks

8/8

0.87 / 0.71

0.35 - (-0.15) = 0.5

0.53

-0.50 - 1.53

4 weeks

3/3

0.19 / 0.22

0.61 - 0.56 = 0.05

0.12

-1.45 - 1.70

8 weeks

8/6

0.07 / 0.1

0.08 - 0.03 = 0.05

0.55

-0.65 - 1.40

0.31

-0.16 - 0.78

Study

Outcome

Duration of

measure

intervention

Binder et al.

Walking

1981

analysis

Mulder et al.
1986

Cozean et al.

Walking

1988

analysis

Colborne et al.

Walking

1993

analysis

Intiso et al.

Walking

1994

analysis

SES

(fixed)

36 / 34

* Data from the systematic review by Moreland et al.113
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E.11

Ankle-foot orthoses to improve
walking ability

These two studies included the same patients, but
examined different outcome measures.353,356 The sys-

An ankle-foot orthosis (AFO) serves as an external sup-

tematic review by Leung and Moseley363 only

port of the lower leg/foot to prevent inversion of the

includes cross-over design and single case studies, and

foot while walking and to inhibit the synergetic

can therefore not be regarded as a review with an A

extension pattern.353

level of evidence. A number of non-controlled studies

In ICF terms, the objectives of the intervention can be

have been published, in which the patients used one,

classified in domain d4508, ‘walking otherwise speci-

several or no AFO(s) in randomized354,357,350,361,366 or

fied’.8

pre-determined order355,364,367-369. The most impor-

There are several types of AFOs, with different charac-

tant characteristics of the studies (including their

teristics. The AFOs differ from each other regarding

methodological quality) are presented in the evidence

shape, material (for example thermoplastic or metal)

table E.11 in Chapter I.2.

and whether or not they are

hinged.353-361 AFOs

are

Beckerman et al. evaluated the effect of blockading

delivered custom-made or in model sizes (i.e., not

the nervus tibialis (thermocoagulation) and the effect

custom made: small, medium or large). Inversion of

of custom-made AFOs on the walking ability and walk-

the ankle is a common problem in patients with

ing speed of patients with stroke.353,356 The study

stroke with a spastic hemiparesis. During walking,

combined AFO, thermocoagulation (TC) and placebo

inversion may lead to the forefoot making the initial

AFO

contact with the floor, instead of the heel. In the case

Group 1 was treated with TC and an AFO, group 2 with

of spasticity, an AFO can be an aid to approximate nor-

placebo TC and an AFO, group 3 with TC and a placebo

mal foot elevation as much as possible while walk-

AFO

ing.362 patients with stroke can be prescribed AFOs as

The custom-made AFO that patients used in this RCT

these are expected to inhibit movements in the ankle

was made of polypropylene and was fixed at 5

joint while walking, resulting in improved gait pat-

degrees of ankle dorsiflexion. The placebo AFO was an

tern and walking speed. This might also increase safe-

AFO

ty and reduce energy consumption while walk-

movement of plantar flexion as well as dorsiflexion,

ing.354,355,363 An AFO can improve the medio-lateral

while hampering the inversion-eversion movement

stability of the ankle during the standing phase and

of the ankle. The orthoses were used daily for 3

improve the swing phase of the paretic

leg.354,363,364

On the other hand, an AFO may hamper the development of a normal gait

pattern.124,129,136,365 AFOs

are

or placebo TC treatment, resulting in 4 groups.

and group 4 with placebo TC and a placebo AFO.

of polypropylene with complete freedom of

months.
In the non-controlled studies, walking with different
types of orthoses was compared with walking bare-

prescribed by a rehabilitation physician in consulta-

foot or with shoes. A wide variety of AFOs were exam-

tion with a physical therapist and fitted by an ortho-

ined in these studies, such as a metal AFO,364-368 a pos-

tist. Manufacturing an AFO requires experience,

terior plastic AFO,357,361,366 an anterior plastic

knowledge and technical support by an orthotist. The

AFO,354,361 a

physical therapist mostly has a monitoring function

a Valens calliper (rigid double-stopped AFO).355,367

hinged AFO,360 an air-stirrup brace368 and

in assessing the comfort of the AFO and its effect on

The RCT by Beckerman et al. included 60 patients with

the hemiplegic gait pattern. Repeated evaluation of

stroke.353,356 They were on average 58 years old at the

the effect of an AFO on walking ability, gait pattern,

start of the study the median time that had elapsed

safety and comfort is therefore necessary. This section

since the onset of their CVA was 34 months. Inclusion

evaluates the effect of AFOs on the gait of patients

criteria for this RCT were the presence of a spastic

with stroke.

equinovarus foot and the ability to walk independently.353,356

E.11.1 Scientific evidence (Ankle-foot orthoses to
improve walking ability)

The effects on comfortable and maximum walking
speed in the study by Beckerman et al. were less than

Two systematic reviews138,363 and 1 RCT353 have been

0.10 m/sec and therefore not clinically relevant.353,356

performed on the use of AFOs. The randomized trial by

No statistically significant differences were demon-

Beckerman et al. was described in two publications.

strated for motor functions or balance, measured with
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the Fugl-Meyer Assessment for the lower limb and the

types of AFO offer added value over others. It is also

passive range of motion of the ankle. About half of

unclear to what extent an AFO influences the kinemat-

the patients (28 of the 60) who used a custom-made

ics and thus the quality of the gait pattern. Whether

AFO

or a placebo AFO did not wear them for the pre-

wearing an AFO leads to improvement of balance dur-

scribed periods of time (non-compliance).

ing standing, walking and transfers has been insuffi-

Furthermore, about 2/3 of the patients in this study

ciently examined. This is also true for walking ability,

reported complaints about their

AFOs.353,356

On the

other hand, a number of pre-experimental studies
suggest that walking

speed,357,360,364,366,367

reduction in the risk of falling.

gait pat-

tern,357,361 walking ability,360 stride length366,367 and
transfer of body weight to the paretic

walking distance, self-confidence and the associated

side354,355

improve as a result of wearing an AFO.

E.11.4 Implications for treatment (Ankle-foot
orthoses to improve walking ability)

The prescription of an AFO should be based on the
patient’s care needs, for example improvement of sta-

E.11.2 Evaluation (Ankle-foot orthoses to improve
walking ability)

bility (feeling of safety) versus improvement of walking speed. After the orthotist has delivered the AFO to

The methodological quality of the RCT353,356 was 7

the patient, the physical therapist will have to moni-

points on the PEDro scale (which ranges from 0 to 10)

tor its functionality and comfort, which requires reg-

(see table 42).27 It can thus be classified as good. Since

ular evaluation of the effect of the AFO on walking

comparable RCTs were lacking, statistical pooling was

ability, gait pattern, safety and comfort.

impossible. Although a systematic review by Leung
and Moseley363 reported the individual effect sizes,

Based on the above, the working group has

these derived only from non-randomized trials.363

formulated the following recommendation:

E.11.3 Conclusions (Ankle-foot orthoses to improve

(34) Custom-made ankle-foot orthosis (level 2)

walking ability)

It is plausible that the use of a custom-made ankle-

An ankle-foot orthosis might be considered for

foot orthosis (AFO) has a positive effect on stride

patients with insufficient active dorsiflexion of the

length and walking speed in patients with stroke

paretic lower leg. After consultation with the physical

while walking.

therapist, the rehabilitation physician will order the

It is still unclear whether ankle-foot orthoses have a

orthotist to manufacture an AFO. Manufacturing an

positive effect on balance while walking, on transfers,

AFO

requires experience, knowledge and technical sup-

port by the orthotist, and the role of the physical

walking ability or walking distance, or on physical
endurance or the fear of falling. Nor is it clear what

therapist is mostly that of monitoring the effect of

advantages AFOs have for the quality of the gait pat-

the AFO on walking ability, gait pattern, safety and

tern of patients with stroke.

comfort.
It has not been demonstrated that AFOs offer any added value for patients with stroke with regard to walk-

E.11.5 Optional measuring instruments
(Ankle-foot orthoses to improve walking ability)

ing ability. There are indications from pre-experimen-

The working group recommends several measuring

tal studies that the use of an AFO leads to an

instruments to evaluate the use of an ankle-foot

improvement of the gait in terms of stride length and

orthosis (see table 46).

walking speed. This has, however, not been confirmed in randomized research. It remains unclear
whether these effects are clinically relevant. A clear
judgment on the effectiveness of wearing an AFO for
patients with stroke can therefore not be given.
Furthermore, there is insufficient evidence that the
use of AFOs leads to increased activities or a reduction
of motor limitations. It is unclear whether certain
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Table 46. Measuring instruments to evaluate the use of an ankle-foot orthesis.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (lower extremity)

• Modified Ashworth Scale (knee)

Balance:

Range of motion:

• Berg Balance Scale

• Neutral-0 method (goniometer)

Walking ability:

Balance:

• Functional Ambulation Categories

• Timed Balance Test

Walking speed:

Walking ability:

• 10-metre walking test

• Rivermead Mobility Index
Walking ability and transfers:
• Timed Up&Go Test and/or
• Falls Efficacy Scale
Endurance:
• 6-minute walking test

E.12

Walking aids to improve walking
ability

E.12.1 Scientific evidence (Walking aids to improve
walking ability)

A walking aid is defined as a technical provision that is

No RCTs have been performed on the effects of walk-

used by the upper limb(s) to support the lower limb(s)

ing aids on the gait pattern. Nine pre-experimental

during standing or

walking.370

studies have been published, which used only before

In ICF terms, the objectives of this intervention can be

and after assessments.371-379 The most important

classified in domain d4508, ‘walking otherwise speci-

characteristics of the studies (including their method-

fied’.8

ological quality) are presented in the evidence table

Although several walking aids, such as canes, elbow

E.12 in Section I.2.

crutches, tripods and rollators, are being prescribed in

The patients in these studies used various walking

the rehabilitation of patients with stroke, the use of

aids in a fixed or random order. Six pre-experimental

such walking aids is a controversial subject in physical

studies371-373,375,376,379 examined the effects of walk-

therapy.36,138,371

ing with and without a walking aid, while 2 pre-

The purposes for which walking aids are prescribed to

experimental studies377,378 examined the effects of

rehabilitating patients with stroke include augmenting

the height of the walking aid. Two of these non-con-

stability during standing and walking and so reducing

trolled studies only assessed the influence of walking

the risk of falling. It is assumed that this improves

aids while standing.373,377

independent walking and decreases the fear of fall-

The 9 pre-experimental studies included a total of 146

ing.372

patients with stroke.371-379 At the start of the studies,

It has also been claimed, however, that walking

aids hamper the development of a symmetric gait pat-

the time that had elapsed since the onset of stroke

tern.

was between 10 weeks372 and 49 months.377 The
studies therefore included patients in the postacute372,373,378,379 and chronic phases.371,374-377 The
inclusion criteria in these studies were being able to
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stand or walk independently with or without a walk-

aid improves walking ability. Furthermore, the out-

ing aid.371-379

come measures that have been used in the pre-experi-

Three of the pre-experimental studies reported statis-

mental studies related especially to gait coordination

tically significant effects of the use of walking aids on

rather than to relevant aspects such as balance, walk-

gait pattern as regards parameters like stride length,

ing independently, walking distance, walking speed

swing phase, standing phase and walking speed372

and falling. There are indications that the use of a

and for lateral trunk movements while

walking.375

In

walking aid reduces the postural sway in stance.373,377

two other pre-experimental studies, the walking aids

For the time being it can be concluded that none of

also appeared to have a positive effect on the postural

the walking aids examined (cane, elbow crutch, tri-

sway in stance.373,377 Additionally, Tyson and

pod and tetrapod) seems to offer any added value for

Ashborn suggest that severely affected patients with

gait.347-377 It is remarkable that no studies have exam-

stroke profit more from the walking aid than less

ined the added value of a one-handed rollator or a

affected

patients.371

According to Kuhn et al., walking

walking frame on walking ability. Neither have there

aids seem to have more influence on parameters like

been any studies on the effect of walking aids in

stride length than on parameters that relate to veloci-

terms of reducing the risk of falling.

ty, such as step frequency.372 Furthermore, the study
by Tyson suggests that walking aids influence the lateral movements of the trunk more than the vertical

E.12.4 Implications for treatment (Walking aids to
improve walking ability)

movements.375

Based on the current knowledge, it is impossible to

These non-controlled studies found no statistically

give a specific advice on the choice of walking aids to

significant effects with regard to the use of walking

influence the gait pattern in patients with stroke.

aids as regards walking speed,376,379 symmetry of the

In the early treatment of patients with stroke, the aim

gait

pattern374,379

and the symmetric weight distribu-

is to limit the amount of assistance offered to the

tion over the legs or walking aid.373,376,378

patient as much as possible to stimulate the patient’s

Comparisons between walking with a cane, an elbow

own activities. The principle is that a walking aid is

crutch, a tripod or a tetra pod allowed no definitive

only indicated when it increases the safety or efficien-

conclusions as to which walking aid offers added val-

cy of the patient’s gait. It is possible that the intended

ue with regard to gait symmetry.374,375 Two studies

advantages of a walking aid should not be judged

comparing walking with and without a walking aid

only from the biomechanical point of view, but that

did not find any differences.374,375 There are indica-

aspects like increased confidence or reduced energy

tions that a tetrapod offer greater stability than a

consumption should also be considered. Therefore,

walking cane.373 This was not confirmed, however, in

the working group recommends an evaluation of the

a study by Milczarek et

al.380

practical comfort afforded by walking aids and
patients’ sense of security. The working group also

E.12.2 Evaluation (Walking aids to improve walking
ability)

Since all studies that examined the added value of

recommends research to evaluate the clinimetric
measuring instruments, such as walking speed, walking distance and fatigue.

walking aids were pre-experimental, it was impossible
to assess their methodological quality. The scientific

Based on the above, the working group has

evidence presented by these studies is limited because

formulated the following recommendation:

they used no control groups. Since no randomized
research has been performed, no statistical pooling

(35) Use of a walking aid (level 3)

was possible.

There are indications that the use of a walking aid,
such as a cane, elbow crutch, tripod or tetrapod,

E.12.3 Conclusions (Walking aids to improve walking
ability)

offers no added value in terms of walking ability. The
effects of a walking aid on walking distance, fatigue,

As there have not been any controlled effect studies,

balance, sense of security and risk of falling are

there is as yet no evidence that the use of a walking

unclear. There are indications that the use of a walk-
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ing aid reduces postural sway in stance. The added

evidence table E.13 in Chapter I.2. Pomeroy et al. had

value of a walking frame or two- or one-handed rolla-

weighted garments designed for the wrist, biceps,

tor has not been studied.

thigh, ankle, pelvis and shoulder girdle on the paretic
side, which they used in an RCT.382 Patients in the

E.12.5 optional measuring instruments
(Walking aids to improve walking ability)

experimental group wore the complete set of weighted
garments for 10 minutes at the start of the study, after

The working group recommends several measuring

which the weight was gradually reduced to 1/3. They

instruments to evaluate the effect of the use of walk-

were sent home and asked to wear the set the whole

ing aids on gait pattern (see table 47).

day for 6 weeks. The control group did not wear these
special garments during the experiment.382 Their

E.13

Limb overloading with external
weights on the paretic side

study included 24 chronic patients with stroke, who
wore the garments daily for 6 weeks.382 At the start of

Limb overloading can be defined as ‘loading a limb by

the study, the patients were able to walk at least 10

means of external weights’. In sports, for instance,

meter with or without a walking aid. The researchers

weighted garments are used as a training method to

assessed the effect of wearing weighted garments on

improve the performance of the relevant move-

balance and walking speed. The experimental group

ment.381

wore the weighted garments all day during all activi-

Overloading the paretic limb in patients

with stroke could theoretically lead to improved mus-

ties, for 6 weeks. The study found no effects of over-

cle control and hence to improved balance and func-

loading the paretic side on balance, measured with

tional skills.146,382

the Berg Balance Scale, or on walking speed.

In ICF terms, the objective of this intervention can be

The study by Kollen et al., in which the patients were

classified in domain d4508, ‘walking otherwise speci-

fitted with an overload around the paretic ankle of 2

fied’.8

to 6 kg in an A-B-A-B-A design, found no difference

This section describes the use of overloading of

the paretic arm or leg while walking.

between the groups with regard to comfortable walking speed.381

E.13.1 Scientific evidence (Limb overloading with
external weights on the paretic side)

One RCT382 and a single-subject study383 have investi-

E.13.2 Evaluation (Limb overloading with external
weights on the paretic side)

gated limb overloading in patients with stroke. The

The methodological quality score of the RCT by

most important characteristics of the studies (includ-

Pomeroy et al.382 was 7 points on the PEDro scale

ing their methodological quality) are presented in the

(which ranges from 0 to 10 points)27 and can there-

Table 47. Measuring instruments to evaluate the effect of the use of walking aids on gait pattern.
Core measuring instruments

Optional measuring instruments

Balance:

Balance:

• Berg Balance Scale

• Timed Balance Test

Walking ability:

Walking ability:

• Functional Ambulation Categories

• Rivermead Mobility Index

Walking speed:

Walking ability and transfers:

• 10-metre walking test

• Timed Up&Go Test and/or
• Falls Efficacy Scale
Walking distance:
• 6-minute walking test
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fore be classified as good. Due to the lack of compara-

ters such as pace frequency, stride length and hence

ble studies, no statistical pooling was possible.

walking speed and symmetry.338,383 The training session uses a metronome or music with a known num-

E.13.3 Conclusions (Limb overloading with external

ber of beats per second.383 This section discusses the
use of EAR to influence the gait of patients with stroke.

weights on the paretic side)

The above studies, which focused on the effect of
limb overloading on walking speed or comfortable

E.14.1 Scientific evidence (Gait training with external

walking speed, found no differential effect.

auditory rhythms)

One systematic review138 and 2 RCTs338,383 have examE.13.4 Implications for treatment (Limb overloading
with external weights on the paretic side)

Based on the above findings, the working group

ined the effects of EAR in patients with stroke to
improve walking ability. In addition, 2 pre-experimental studies have been published in which the

advises against the wearing of external weights on the

effectiveness of RAS on the gait pattern was exam-

paretic side to improve the balance and walking

ined.384,385 The study by Prassas et al.385 lacked a con-

speed of patients with stroke.

trol group, and the study by Schauer et al.384 used
healthy persons as controls. The most important

Based on the above, the working group has

characteristics of these studies (including their meth-

formulated the following recommendation:

odological quality) are presented in the evidence
table E.14 in Chapter I.2.

(36) Limb overloading (level 2)

Two RCTs offered EAR as an add-on treatment to con-

It is plausible that limb overloading by wearing exter-

ventional physical therapy.338,383 In the study by

nal weights on the paretic side while performing

Thaut et al. the patients used either cassette tapes

activities during standing and walking offers no add-

recorded especially for the purpose, offering rhythmic

ed value in terms of balance and walking speed or

music via a headphone, or a metronome.383 The fre-

comfortable walking speed in patients with stroke in

quency of the rhythm was synchronized to the

the chronic phase.

patient’s gait cadence. Mandel et al. offered EAR with
visual and auditory rhythms by means of biofeedback

E.14

Gait training with external
auditory rhythms

Rhythmic auditory stimulation (RAS) is a treatment

equipment.338
The control groups in the study by Thaut et al.383
received conventional therapy (gait training based on

method in which cyclic movement patterns, such as

the NDT concept), while those in the study by Mandel

walking, are influenced by offering auditory

et al.338 received no physical therapy treatment dur-

rhythms.383 Other studies have used methods based

ing the experiment.

on the same principles, such as music (Musical Motor

The frequency of therapy sessions in the randomized

feedback,

MMF)362,384

or position (Positional Motor

trials varied from 2338 to 10383 times a week, and last-

feedback, PMF).338 The present section calls these

ed for 30 minutes. The training period varied from

interventions external auditory rhythms (EAR).

6383 to 12 weeks.338

In ICF terms, the objective of these interventions can

The 2 RCTs included a total of 57 patients with stroke,

be classified in domain d4500, ‘walking short distanc-

with an average age of 62 years.338,383 The study pop-

es’.8

ulations ranged form 20383 to 37338 patients. At the

Several researchers have suggested that the use of

start of the study, the time that had elapsed since the

external rhythms might be effective in patients with

onset of stroke was between 16 days383 and 32

stroke during cyclic movements such as

walking.298

months.338 The studies thus included patients in the

The auditory stimuli are offered in a rhythmic pattern

sub-acute383 and chronic phases338 Inclusion criteria

that is synchronised with the patient’s gait cadence.

were spasticity or other limitations of the lower limb

The patient is usually instructed to adjust the pace

on the paretic side.338,383

frequency of their paretic leg to the external rhythm

The study by Thaut et al.383 found that walking with

while walking. The goal is to influence gait parame-

EAR
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stride length and walking speed. Compared to the

quality, have examined this effect, makes it necessary

control group, these parameters were increased by 22

to interpret the findings with caution.338,383 No

cm and 0.23 m/sec,

respectively.383

research has been performed on other types of exter-

Similar effects were found in the study by Mandel et

nal rhythm, such as somatosensory and visual

al., in which the walking speed improved by 0.3 m/

rhythms.

sec.338 However, these RCTs found no positive effects
on active range of motion of the plantar flexion of

E.14.4 Implications for treatment (Gait training with

the paretic ankle383 or on gait symmetry.383

external auditory rhythms)
EAR

E.14.2 Evaluation (Gait training with external auditory

can be provided to patients with stroke with a

metronome. The working group recommends setting
the metronome to a frequency that is on average 10

rhythms)

The quality of both RCTs338,383 can be classified as

percent lower than the preferred frequency of the

poor, with a score of 3 points on the PEDro scale

paretic leg at the same walking speed. Obviously, the

(which ranges from 0 to 10).27 The working group

frequency of the rhythm is determined by individual

criticized the incorrect randomization procedure, and

factors; it strongly depends on walking speed. Time

the lack of an intention-to-treat analysis and ade-

can also be kept by counting out loud or clapping the

quate follow-up. Additionally, the researcher in the

hands. Since external rhythms are easily provided, EAR

study by Thaut et al. was not blinded.338,383

seems a very useful physical therapy method to

The lack of point estimates and dispersion measures

improve walking speed.

in the reported results mean that the value of the
effects must for now be qualified as doubtful.338,383

Based on the above, the working group has

In view of the poor methodological quality of the

formulated the following recommendation:

RCTs

by Thaut et

al.383

and Mandel et

al.,338 no

statis(37) External auditory rhythms (level 2)

tical pooling was done.

It is plausible that offering external auditory rhythms
E.14.3 Conclusions (Gait training with external

(EAR) to patients with a hemiplegic gait has a positive
effect on stride length and hence on walking speed.

auditory rhythms)

It is plausible that offering external auditory rhythms
(EAR) in a rhythmic frequency synchronized with the
patient’s gait cadence has a positive effect on stride

E.14.5 Optional measuring instruments
(Gait training with external auditory rhythms)

length and walking speed. The improvements in

The working group recommends several measuring

stride length and walking speed were 22 cm and 0.27

instruments to evaluate gait training with external

m/sec, respectively, in the 2

RCTs.338,383

The fact, how-

auditory rhythms (see table 48).

ever, that only 2 small RCTs, of poor methodological
Table 48. Measuring instruments to evaluate gait training with external auditory rhythms.
Core measuring instruments

Optional measuring instruments

Walking ability:

Walking ability:

• Functional Ambulation Categories

• Rivermead Mobility Index

Walking speed:

Transfer and walking ability:

• 10-metre walking test

• Timed Up&Go Test and/or
• Falls Efficacy Scale
Walking distance:
• 6-minute walking test

92

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

F – Mobilization phase: Dexterit y

cid arm (= paralysis of the arm) has shown that the
chances of recovering dexterity after 6 months are

F.1

Dexterity: prognosis and natural
course

defined396 in the first 4 weeks after the onset of
stroke. This research also shows that patients who

This section describes the determinants of recovery of

regain some voluntary activity in the hand (= 2

dexterity. For an explanation of the assessment of the

points on the Brunnstrom Fugl-Meyer (BFM) hand

methodological quality of prognostic studies, please

score) and arm (= 19 points on the FM arm score)

refer to section B.7.

within this period also have a 90 percent chance of
regaining arm and hand function according to the

F.1.1

Scientific evidence (Dexterity: prognosis and

Action Research Arm Test (ARAT). In patients who

natural course)

regain insufficient dexterity, the chance of recovering

Unlike ADL and walking abilities, the determinants of

dexterity levels out at less than 10 percent.396 Other

dexterity have not been the subject of any systematic

prospective studies have confirmed the view that no

reviews. Longitudinal research has shown that the

recovery of function 3 or 4 weeks after the onset of

recovery of the paretic upper limb follows more or

stroke indicates an unfavourable prognosis for the

less fixed patterns.386,387 Recovery of motor control

recovery of dexterity.389,390,393,397-399 This means that

seems to develop from proximal to distal.

it is especially the interval between the onset of

Characteristic features of the natural recovery process

stroke and the moment of first recovery400 and the

are the early input from the trunk while reaching for

extent of change in the first month396 which deter-

and grasping objects, and proximal control from the

mine the recovery that may eventually be expected

shoulder. In the context of this natural recovery,

after 6 months.168,393,397,398,401 In agreement with

patients make use of synergies.387

this, several prognostic studies have shown that the

The recovery of the paretic hand tends to show a pat-

best prediction of recovery of dexterity can be made

tern in which the grasping function is the first to

within 4 weeks after the onset of stroke. Important

return, followed by the extension grip and the gross

determinants are: (1) the severity of the hemiparesis

pinch. The last function to recover is fine pinch.

(upper and lower limb) according to the Brunnstrom
Fugl-Meyer score (BFM) or the Motricity Index (MI)387;

F.1.2

Prognostic determinants (Dexterity: prognosis

(2) a rapid recovery of the voluntary grasping func-

and natural course)

tion of the paretic hand106,143,235,387,389,395 and/or

There have not been any thorough epidemiological

early recovery of a voluntary extension movement of

studies on the prognosis for functional recovery of

the fingers of the paretic arm in the first 4 weeks after

the upper limb. Several longitudinal studies in

the onset of stroke.235 There are also important indi-

patients with stroke have demonstrated that, on aver-

cations that the group of patients with a severe loss of

age, 5 to 20 percent of patients regain normal func-

somatosensory function of the arm402,403 have a

tion of the paretic

arm.94,388-392

In 23 to 43 percent of

poorer functional recovery than the group with intact

the patients there is incomplete recovery of dexteri-

somatosensory function.389,398,404

ty,94,390,393,394

Other important determinants that can predict the

and

30395

to

66235,389 percent

of the

patients show no functional recovery of the hand at
all 6 months after the onset of

stroke.94,143,388,392

functional recovery of the paretic arm in the first
week after the onset of stroke, besides functionality of

These findings demonstrate that the prognosis for

the hand, are the severity of hemiplegia (severity of

functional recovery of the paretic arm is generally

the leg paresis) and the type of CVA, classified accord-

unfavourable and is mostly determined by the recov-

ing to the Oxford Community Stroke Project

ery of the hand. This unfavourable prognosis for the

Classification (OCSPC).405,387

upper limb can largely be explained by the fact that

It is important to realize that recovery of the paretic

most CVAs occur in the middle cerebral artery (MCA),

arm is hardly related to ADL recovery as measured

which is where the arm and hand are most strongly

with the Barthel Index.93,95,143 This implies that pos-

represented.

sible recovery of the paretic arm may not be apparent

Prognostic research in patients with an initially flac-

from an evaluation of the Barthel Index. Even with-
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out recovery of dexterity, patients are evidently able

weeks after the onset of stroke.

to regain personal care skills, such as washing and

Functional recovery appears to be especially related to

getting dressed, by compensating with the unaffected

the severity of the paresis. More than 90 percent of

limb.

the patients with no voluntary grasping function or

Many studies have demonstrated that statistically sig-

extension of the wrist and fingers after the critical

nificant improvements are generally no longer found

period of 4 weeks still have a non-functional arm 6

6 months after the onset of stroke. Nevertheless, a

months and 1 year after stroke.

small number of studies have reported remarkable
functional changes (whether worsening or improve-

(39) Determinant of dexterity: paretic leg (level 3)

ment) after 6 months in 10 to 15 percent of the

There are indications that the severity of the paresis

patients. It is especially patients with an incomplete

of the paretic leg in the first week after the onset of

recovery of dexterity who appear to use the arm less

stroke is an important determinant of the ultimate

and less in daily life after 6 months (so-called learned

recovery of the initially flaccid arm.

non-use). Since it is hard to predict who will exhibit
such changes in the chronic phase.387 Patients with

(40) Determinant of dexterity: Barthel Index

incomplete functional recovery of the arm and hand

(level 3)

should be evaluated regularly (monitored) for possi-

There are indications that the recovery of personal

ble changes in dexterity.

care, measured with the Barthel Index, offers an inadequate evaluation of the functional recovery of the

F.1.3

Conclusions and implications for

paretic arm.

treatment (Dexterity: prognosis and natural

The BI score on items related to personal care (such as

course)

washing and getting dressed) says more about the

Prognostic research on functional recovery in patients

patient’s coping behaviour with regard to the loss of

with stroke is complex. The available longitudinal

functionality in the paretic arm than about the actual

studies show that most of the functional recovery

use of this arm. This is why the functional recovery of

occurs in the first few months after stroke. The find-

the paretic arm has to be specifically evaluated on a

ings of these studies suggest that dexterity improves

regular basis using reliable and valid measuring

less than walking ability, and that the recovery pro-

instruments, such as the Frenchay Arm Test or the

cess of the arm is generally slower than that of the

more specific Action Research Arm Test (ARAT).

leg. Nevertheless, the recovery of dexterity can
already be accurately predicted in the first months

F.1.4

after stroke. It is especially the early recovery of syn-

Optional measuring instruments
(Dexterity: prognosis and natural course)

ergy and recovery of the voluntary gasping or exten-

The working group recommends several measuring

sion function of the wrist and fingers which are signs

instruments to support the assessment of the chances

of a favourable course of recovering dexterity.

of recovering dexterity (see table 49).

In the chronic phase after stroke, many patients with
incomplete functional recovery of arm or hand function appear to improve or deteriorate further. Since

F.2

Therapeutic positioning of the
paretic arm

this change is hard to predict from determinants, this

Therapists often position patients with stroke in a

group of patients with stroke has to be checked regu-

specific body posture when they are lying, to prevent

larly for the preservation of functionality.

complications such as contractures, pain, spasticity,
pressure sores and respiratory problems.406 The prop-

Based on the above, the working group has

er positioning of the body is often dictated by the

formulated the following recommendations:

prevailing assumptions of underlying neurological
treatment concepts regarding muscle tone normaliza-

(38) Prognosis of dexterity (level 3)

tion and prevention of contractures.

There are indications that the prognosis for dexterity

In ICF terms, the objectives of the intervention can be

of the paretic arm is largely determined in the first 4

classified in the domains b710 to b729, ‘functions of
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Table 49. Measuring instruments to support the assessment of the chances of recovering dexterity.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Range of motion:

• Motricity Index (lower and upper extremities)

- Neutral-0 method (goniometer)

Dexterity:

Synergy formation:

• Frenchay Arm Test

• Brunnstrom Fugl-Meyer Assessment (lower and
upper extremities)
Somatosensory functions:
• (Modified) Nottingham Sensory Assessment
Dexterity:
• Action Research Arm Test and/or
• Nine Hole Peg Test

the joints and bones’ and b730 to b749, ‘muscle func-

Dean et al. included 28 patients with an average age

tions’.8

of 58 years.230 At the start of the study, the patients
were in the post-acute phase (34 days after the onset

F.2.1

Scientific evidence (Therapeutic positioning of

of stroke).

the paretic arm)

Pain was objectified using a Visual Analogue Scale

One critical

review407

and 1

RCT230

have been per-

(VAS) which patients had to mark while at rest and

formed on therapeutic positioning. The most impor-

while getting dressed and undressed.230 Furthermore,

tant characteristics of the studies (including their

pain-free active abduction and passive external rota-

methodological quality) are presented in Chapter I.1.

tion of the paretic side were measured with a gonio-

The experimental group in the RCT by Dean et al. was

meter.

not only offered a multidisciplinary rehabilitation
treatment (control intervention) but also a treatment

F.2.2

protocol to position the shoulder on the paretic

Evaluation (Therapeutic positioning of the
paretic arm)

side.230 The study evaluated whether positioning the

The methodological quality of the RCT by Dean et al.

shoulder 5 times a week for 1 hour over a period of 6

can be classified as good, as it scores 7 points on the

weeks would result in less shoulder pain or increased

PEDro

range of motion of the shoulder joint on the paretic

Since comparable studies are lacking, no statistical

side.230

pooling was possible.

scale (which ranges from 0 to 10 points).230

The patients in the experimental group had to adopt
3 successive postures with the shoulder in a relaxed
position. The postures, which had to be maintained

F.2.3

Conclusions (Therapeutic positioning of the
paretic arm)

for 20 minutes each, were (1) lying supine with the

The positioning protocol for the shoulder in which

shoulder in maximum tolerable abduction and exter-

the shoulder is relieved as much as possible while the

nal rotation and the elbow in flexion; (2) lying supine

patient is lying down had no added value with regard

with the shoulder in 90 degrees abduction and maxi-

to pain and stiffness during active and passive move-

mum tolerable external rotation and the elbow in

ments and mobility compared to the control group

flexion and (3) sitting with the shoulder in 90 degrees

that was treated with a conventional multidisci-

flexion, the elbow and wrist in extension and holding

plinary protocol. It is not clear to what extent proper

a cylinder in the hand.230

positioning of the shoulder influences the occurrence
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Table 50. Measuring instruments to evaluate therapeutic positioning of the paretic arm.
Core measuring instruments

Optional measuring instruments

Dexterity:

Pain:

• Frenchay Arm Test

Numeric Pain Rating Scale
Range of motion:
• Neutral-0 method (goniometer)
Severity of paresis:
• Brunnstrom Fugl-Meyer Assessment
(upper extremity)
Stiffness in passive movements:
• Modified Ashworth Scale (elbow)
Volume (oedema):
• Inspection and water displacement method
Dexterity:
• Action Research Arm Test and/or
• Nine Hole Peg Test

of shoulder complaints, spasticity (stiffness in passive

ing influences the occurrence of shoulder complaints,

movements) and the development of contractures

spasticity or the development of contractures and

and oedema.

oedema in the upper limb.

F.2.4

F.2.5

Implications for treatment (Therapeutic
positioning of the paretic arm)

Optional measuring instruments
(Therapeutic positioning of the paretic arm)

As a questionnaire among physical therapists in Great

The working group recommends several measuring

Britain has shown, positioning is an important part

instruments to evaluate therapeutic positioning of

of physical therapy.406 There is no consensus among

the paretic arm (see table 50).

therapists on the proper positioning of the body or
limb. Nor is there evidence that justifies one particular positioning of the shoulder when the patient is
lying down.

F.3

Reflex-inhibiting postures and
immobilization techniques

Interventions that aim at prevention of spasticity of
the paretic limb have regularly been reported in the

Based on the above, the working group has

literature. During these interventions, the spastic

formulated the following recommendation:

muscles are slowly stretched (so-called slow stretch
techniques) to normalize the muscle tone for posture

(41) Therapeutic positioning of the paretic arm

and movement. Examples are the reflex inhibiting

(level 2)

patterns and Reflex-Inhibiting Postures (RIPs) used in

It is plausible that positioning the paretic arm beyond

several neurological exercise methods, or local immo-

the synergistic pattern does not reduce pain or stiff-

bilizations by means of splints (Reflex Inhibitory

ness in the shoulder in patients in the post-acute

Splinting, RIS) or casts (inhibitory casts).144,408 Many

phase. It is not clear to what extent proper position-

studies on these interventions involved only patients
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with traumatic brain damage. Prolonged immobiliza-

was used as a reference EMG while exercising the

tion by means of casts or splints as well as short-term

paretic arm. The spastic paretic muscles were each

slow stretch techniques are used to influence the

positioned in an RIP position 3 times and measured 3

active and passive range of motion of the spastic-

times in a neutral position.110

paretic limbs and

joints.408

Four studies used different types of splints to influ-

In ICF terms, the goals of this intervention can be clas-

ence the spasticity (stiffness in passive movements) of

sified in the following domains b710 to b729, ‘func-

the spastic paretic hand.410-412 In these studies, the

tions of the joints and bones’ and b735, ‘muscle tone

splints were worn for 1 hour,412 2 hours,411 3

functions’.8

hours414 to a maximum of 22 hours410 per 24 hours.
The RCT by Rose and Shah included 2 experimental

F.3.1

Scientific evidence (Reflex-inhibiting postures

groups of 10 patients and compared the effect of

and immobilization techniques)

wearing a dorsal and a palmar forearm-hand splint,

There has been 1 critical

review408

on the effect of

physical therapy interventions on stiffness in passive
movements, and 1 systematic

review409 on

the effec-

respectively, with a control group wearing no orthosis.411 The splints were made of thermoplastic material (Orthoplast).411

tiveness of splinting of the spastic paretic forearm/

In the RCT by Langlois et al., 9 patients with stroke

hand. Few studies have examined the interventions

were randomized over 3 groups.410 The groups wore a

in patients with stroke. The effects of short-term

splint (made of Sansplint XR) to spread the thumb

stretching and RIPs in patients with stroke have been

and fingers of the spastic paretic hand for 6, 12 and

examined in 1 RCT236 and 1 pre-experimental

22 hours, respectively, per 24 hours, over a 4-week pe-

study.110

riod.

The effect of prolonged stretching in

patients with stroke has been examined in 2
RCTs,410,411

1

CCT412

and 2 studies of a pre-experimen-

McPherson et al. used a dynamic splint for the forearm and hand in a CCT and compared the interven-

tal nature.413,414 The most important characteristics

tion group with a control group that was only pas-

of the studies (including their methodological quali-

sively mobilized by means of maximum extension of

ty) are presented in the overview table.

the fingers and wrist 5 times for 60 sec.412 The

The RCT by Carey included 16 patients with stroke

patients in the intervention group wore the dynamic

with a spastic hand, and the intervention was intend-

splint for 1 hour on 3 days of the week, over a 5-week

ed to improve the range of motion and muscle

period.412

strength of the fingers and wrist.236 The experimental

The pre-experimental study by Bressel and McNair

group (n = 8) in this study was treated with a slow,

assessed the effect of a single prolonged (30-minute)

manual stretching technique (slow stretch) of the

stretching and intermittent stretching of the calf

spastic fingers. The extrinsic finger flexors were

muscles on the stiffness of the ankle joints, with

stretched for 5 minutes per treatment session. The

patients lying on their back.413

control group had 5 minutes of rest between the 2

The 3 RCTs included 55 patients with stroke who were

measuring moments, with the paretic wrist and fin-

in the post-acute411 and chronic phases at the start of

gers in middle position. Carey evaluated the strength

the study.236,410

and active range of motion of extensors over the

The RCT by Carey found that slowly stretching the

metacarpo-phalangeal joint of the affected forefin-

palmar flexors had no positive effect on the isometric

ger.236

strength of the finger extension, although there was a

The pre-experimental study by Dickstein and Pillar

temporary improvement of the active range of

included 27 patients with stroke and examined the

motion of wrist and finger extensors in the direction

effect of reflex inhibiting postures on EMG activity of

of extension.236 The increased mobility in the exten-

the musculus biceps brachii (n = 15) and the (medial)

sion direction could not be attributed to the increased

musculus gastrocnemius (n = 12) during exercises of

voluntary activity of the extensors. Neither could the

the other paretic limb.110 The biceps brachii was stud-

mobilizing effect be explained by a reduced co-activa-

ied on the homolateral side during exercises of the

tion of palmar flexors.236 Carey stated that the

paretic lower limb, while the medial gastrocnemius

reduced, non reflex-driven stiffness of the finger and
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wrist extensors could have determined the improve-

F.3.3

ment of the range of motion by the slow stretch tech-

Conclusions (Reflex-inhibiting postures and
immobilization techniques)

niques. Carey did not evaluate effects on dexterity.236

There are indications that slow manual stretching of

Dickstein and Pillar concluded in their pre-experi-

the finger and wrist flexors of the spastic paretic hand

mental study that RIP yielded a reduction in the sur-

temporarily increases the range of motion in the

face EMG in 50 percent of the patients. In the other

extension direction of the fingers. These are, however,

half, the muscle tone was not influenced or in some

short-term effects. It is plausible that the effect of

cases even increased.110 A study by Mills, which

reflex-inhibiting postures and the slow stretch tech-

included only patients with a traumatic injury, found

nique are partly the result of the mobilizing effect of

that the reflex-inhibiting immobilizations with

stretching on non-contractile, viscoelastic elements of

splints only had an effect on the range of motion.112

the musculoskeletal system.144 Prolonged stretching

No effects were found with regard to EMG activity of

by means of splints or casts has a mostly mechanical

spastic plantar

flexors.110

effect on muscle stiffness and range of motion. RIP has

The RCT by Rose & Shah found that wearing both

no effect on EMG activity of the spastic paretic mus-

types of splints had a favourable effect on the total

cles. These findings, however, are largely based on

range of motion of the wrist, as measured with a

research in patients with traumatic brain injury. It is

goniometer.411

unclear whether the effects on stiffness and range of

No differential effects were found for

the degree of stiffness in passive movements, as measured by inducing a stretch

reflex.411 The RCT

motion also result in improved dexterity.

by

Langlois et al. on the reduction of spasticity (stiffness

Based on the above, the working group has

in passive movements) demonstrated a trend in

formulated the following recommendations:

favour of the experimental group, which wore a finger spreader for 22 hours a day.410 This effect on spas-

(42) Stretching techniques (level 2)

ticity, measured with a manual myometer, was not

It is plausible that slow manual stretching of the fin-

statistically significant,

however.410

A quasi-random-

ger and wrist extensors of the spastic paretic hand

ized study by McPherson (n = 8) found that patients

temporarily augments the range of motion of the fin-

who were wearing a dynamic splint experienced a sig-

gers.

nificant reduction of stiffness in the arm flexors, as

It is unclear whether this effect also results in

measured with a manual

myometer.412

improved dexterity.

In the study by Bressel and McNair, static as well as
cyclic stretch techniques of the calf muscles resulted

(43) Immobilization techniques (level 2)

in a temporary reduction of stiffness of the ankle

It is plausible that prolonged stretching by means of

joint on the paretic side, as measured with a manual

splints mechanically reduces muscle stiffness and has

myometer.413 The comfortable walking speed, as mea-

a favourable effect on range of motion.

sured with the 10-m walking test, was not influenced

It is unlikely that the effects of prolonged stretching,

by the RIP.413

whether or not within reflex-inhibiting patterns,
influence the EMG activity of the muscles involved.

F.3.2

Evaluation (Reflex-inhibiting postures and
F.3.4

immobilization techniques)

The methodological quality of the controlled studies
varied from

3410,411

to 5

points236

on the PEDro scale

Optional measuring instruments
(Reflex-inhibiting postures and immobilization
techniques)

(which ranges from 0 to 10 points).27 Their quality

The working group recommends several measuring

can therefore be classified as poor to reasonably good.

instruments to evaluate reflex-inhibiting postures and

Since the studies did not use comparable outcome

immobilization techniques (see table 51).

measures, no pooling was possible.
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F.4

Sensory training of the paretic
arm

(3) distinguishing the shape, weight or texture of
objects or materials placed in the hand.244 The patients

Sensory deficits severely impede the learning of

were being treated at home. The control group received

motor skills. Somato-sensory functions are often sub-

no physical therapy for 6 weeks.244 The CCT included

divided into protopathic sensibility (i.e., sense of pain

39 patients with a long-lasting, persistent sensory defi-

and temperature) and gnostic sensory functions (i.e.,

cit of the hand on the paretic side.244 At the start of

tactile sense, sense of posture, motion and vibration).

the study, the patients were in the chronic phase (6.2

In ICF terms, the goals of the sensory training can be

years after the onset of stroke). The patients exercised

classified in the following domains: b260, ‘proprio-

for 45 minutes 3 times a week over a period of 6 weeks.

ceptive function’; b265, ‘touch function’; b270, ‘sen-

A controlled study by Yekutiel & Guttman found posi-

sory functions related to temperature and other stim-

tive effects using tests that measured vital as well as

uli’ and b279, ‘additional sensory functions otherwise

gnostic sensory functions, such as (1) localization of

specified and

unspecified’.8

touch; (2) sense of elbow position; (3) two-point discrimination (2-PD) and (4) stereognosis.244 However,

F.4.1

Scientific evidence (Sensory training of the

the positive effects did not result in improved dexteri-

paretic arm)

ty.244,415,416

One CCT has been

performed.244 The

most important

Two uncontrolled studies also found indications that

characteristics of the studies (including their method-

sensory training can have an effect on the impairment

ological quality) are presented in the overview table.

in patients with stroke.415,416

The patients in the experimental group of the study
received a 6-week exercise programme to improve tac-

F.4.2

tile sense, stereognosis and kinesthesia.244 The pro-

The methodological quality of the CCT244 can be clas-

gramme included various assignments, such as: (1)

sified as reasonably good, with 4 points on the PEDro

identifying the number of figures or letters that are

scale (which ranges from 0 to 10 points).27 Since

drawn on the hand or arm by the physical therapist;

there are no comparable studies, no statistical pooling

(2) finding the paretic thumb while blindfolded and

was possible.

Evaluation (Sensory training of the paretic arm)

Table 51. Optional measuring instruments to evaluate reflex-inhibiting postures and immobilization
techniques.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Range of motion:

• Frenchay Arm Test

• Neutral-0 method (goniometer)

Walking ability:

Synergy formation:

• Functional Ambulation Categories

• Brunnstrom Fugl-Meyer Assessment

Walking speed:

Dexterity:

• 10-metre walking test

• Action Research Arm Test and/or
• Nine Hole Peg Test
Walking ability:
• Rivermead Mobility Index
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F.4.3

Conclusions (Sensory training of the paretic

F.5

Air splints and wrapping the
spastic paretic limb

arm)

Sensory training of the paretic arm seems to be espe-

Wrapping and air splint application are primarily

cially effective with regard to the somatosensory

used to reduce spasticity in the paretic limb. The idea

function itself. The effects of improved somatosenso-

behind these treatment techniques is that the steady

ry function did not result in improved dexterity.

light pressure on the skin and muscles inhibits the
myotatic reflex arc.417 The air splint, an inflatable

F.4.4

Implications for treatment (Sensory training

flexible cylinder which exerts external pressure

of the paretic arm)

around one or more joints, is sometimes regarded as

The working group recommends treating sensory def-

an effective way to reduce spasticity in a limb, for

icits not as a separate problem, but to integrate their

instance in the neurological treatment method devel-

treatment in an existing programme focusing on

oped by Johnstone.417,418 In the case of wrapping, the

improvement of dexterity. Furthermore the working

pressure is exercised by a compress. Wrapping has

group recommends using a validated measuring

only been studied for the upper limb, but is in prac-

instrument for sensory function, for example the

tice also applied to the lower limb.

modified version of the Nottingham Sensory

In ICF terms, the goals of this intervention can be

Assessment.

classified in the following domains: b280 to b289,
‘pain’; b710 to b729, ‘functions of the joints and

Based on the above, the working group has

bones’ and b735, ‘muscle tone functions’.8

formulated the following recommendation:
F.5.1

Scientific evidence (Air splints and wrapping of

(44) Sensory training (level 3)

the spastic paretic limb)
RCT161

and one pre-experimental study417 have

There are indications that sensory training of the

One

paretic arm and hand has a positive effect on the vital

been performed on the effectiveness of air splints, as

and gnostic sensory functions in patients in the

well as one study of a pre-experimental nature419 on

chronic phase. It is unclear, however, if these effects

the effect of wrapping on spasticity. The most impor-

result in improved dexterity.

tant characteristics of the studies (including their
methodological quality) are presented in Chapter

F.4.5

Optional measuring instruments

F.1.2.

(Sensory training of the paretic arm)

The RCT by Poole et al. compared two groups of

The working group recommends several measuring

patients with stroke, the experimental group receiving

instruments to evaluate sensory training (see table 52).

an air splint around the paretic arm in addition to

Table 52. Measuring instruments to evaluate sensory training.
Core measuring instruments

Optional measuring instruments

Dexterity:

Vital sensory functions:

• Frenchay Arm Test

• (Modified) Nottingham Sensory Assessment,
Part A
Gnostic sensory functions:
• (Modified) Nottingham Sensory Assessment,
Part B
Dexterity:
• Action Research Arm Test and/or Nine Hole Peg
Test
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regular occupational therapy treatment, while the

F.5.3

control group received only occupational therapy.161

Conclusions (Air splints and wrapping of the
spastic paretic limb)

The paretic arm was elevated to 90 degrees of shoulder

Wrapping of the whole paretic arm seems to offer

flexion with full elbow extension and as much exter-

added value for the passive range of motion of joints

nal rotation of the shoulder as possible without pain.

of the paretic arm, such as the shoulder and wrist.

In the pre-experimental study by Twist, the spastic

Until now, the added value of wrapping has been

and painful paretic arms of 4 patients were wrapped

studied only in one small and uncontrolled study

from wrist to armpit with 2 elastic bandages with a

with 4 patients with stroke.419 No studies have been

width of 10

cm.419 A

polyester glove was applied to

performed on wrapping the paretic leg. As regards

the paretic hand.419 The patients were wrapped up for

wrapping, it remains unclear (1) how much pressure

3 hours, 3 times a week over a period of 4 weeks. The

the bandage should exert; (2) if other factors might

patients in the pre-experimental studies by Twist419

be responsible for the effect, for example reduction of

and Robichaud et

al.,417

(4 and 8 patients, respective-

ly) were in the chronic phase and had a spastic paresis
at the start of the

study.417,419

It is unclear in which

possible oedema of the arm or leg, and (3) if the
decrease of spasticity achieved by wrapping also
results in an improvement of dexterity and walking

phase the patients studied by Poole et al. were.161 The

ability. Applying an air splint leads to a strong (tem-

possible added value of wrapping was assessed with a

porary) reduction of the Hoffman reflex, but the clin-

goniometer in the study by Twist.419 This study indi-

ical relevance of this reduction is unclear. No effect

cated that wrapping had a temporary positive effect

could be demonstrated for pain synergy formation. It

on the passive range of motion (PROM) on the paretic

is unclear if the effect of the air splint results in

side, which according to the researcher implied that

improved arm and hand function or improved walk-

the spasticity was reduced.419 This was true for the

ing ability.

PROM

of the shoulder joint in the direction of flexion,

abduction and external rotation and for that of the

F.5.4

wrist joint in the extension direction. No differential

Implications for treatment (Air splints and
wrapping of the spastic paretic limb)

effects were found at activity level.

In patients who are hampered by their spasticity,

Poole et al. did not find any differential effects of an

wrapping of the paretic arm can be considered to

air splint on pain, sensory function or severity of the

reduce the muscle tone. It is unclear if this treatment

paresis, measured with the Fugl-Meyer

Assessment.161

technique is effective for the paretic lower limb. To

In the pre-experimental study by Robichaud et al.,

prevent circulation problems, the working group re-

wearing an air splint resulted in a 41 to 55 percent

commends applying the compress in a figure of eight

decrease in myotatic reflex activity, measured by the

form. The use of an air splint to reduce stiffness in

Hoffman reflex

(H-reflex).417

After the air splint was

passive movements of the limb has to be focused

removed, the effects on the myotatic reflex activity

especially on temporarily influencing spasticity. The

disappeared. Although the use of an air splint is advo-

added value of the air splint as a supporting orthosis

cated in some neurological exercise methods as an

while standing and walking is unclear.

orthosis that might provide support while standing
and walking, its added value is unknown. Nor does

Based on the above, the working group has

repeated application of an air splint appear to offer

formulated the following recommendations:

any added value for the recovery of abilities.
(45) Air splints (level 2)
F.5.2

Evaluation (Air splints and wrapping of the

It is plausible that air splints applied around a paretic

spastic paretic limb)

limb only have a temporary reducing effect on the

The methodological quality of the RCT by Poole et

(Hoffman) reflex activity of the limb. It is unclear if

al.161

this effect results in improved dexterity or walking

was 5 points on the PEDro scale (which ranges

from 0 to 10 points)27 and can thus be classified as

ability.

reasonably good. Since this was the only study, pooling was impossible.
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(46) Wrapping (level 3)

Training Association (IBITA) this section regards the

It is plausible that wrapping the paretic painful arm

Bobath concept as synonymous with the NDT con-

(from wrist to armpit) has a positive effect on the

cept.132 In the last two decades, basic research has led

range of motion of the spastic paretic arm. This is

to much criticism with regard to a number of impor-

true for patients in the chronic phase.

tant assumptions made in the NDT concept. For a
more detailed description of the problems regarding

F.5.5

Optional measuring instruments (Air

these assumptions, see section C.5. Meanwhile, the

splints and wrapping of the spastic paretic limb)

proponents of neurological treatment concepts have

The working group recommends several measuring

become more receptive to assumptions that deviate

instruments to evaluate the use of air splints or wrap-

from the original concept.152

ping of the entire paretic arm (see table 53).

In ICF terms, the goals of this intervention can be classified in the following domains: d430, ‘lifting and

F.6

Exercise therapy of the paretic
arm and hand

Several neurological exercise methods are known to

carrying objects’; d445, ‘hand and arm use’; d440,
‘fine hand use’ and d449, ‘carrying, moving and handling objects’.8

influence the function and dexterity of the paretic
arm of patients with stroke. Treatment concepts that

F.6.1

are often used in practice include Neuro

Scientific evidence (Exercise therapy of the
paretic arm and hand)

Developmental Treatment (NDT), Proprioceptive

One systematic review420 and 10 RCTs87,91,93-95,158,160,

Neuromuscular Facilitation (PNF) and Brunnstrom,

163,303,421

Rood and Ayres. For the contents of these treatment

neurological exercise methods to improve the arm

methods, we refer to standard physical therapy books.

and hand functions. The most important characteris-

In agreement with International Bobath Instructors

tics of the studies (including their methodological

have been performed on the effectiveness of

Table 53. Measuring instruments to evaluate the use of air splints and/or wrapping of the entire paretic arm.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Range of motion:

• Frenchay Arm Test

• Neutral-0 method (goniometer)

Walking ability:

Synergy formation:

• Functional Ambulation Categories

• Brunnstrom Fugl-Meyer Assessment
(upper extremity)

Walking speed:
• 10-metre walking test

Pain:
• Numeric Pain Rating Scale
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test
Walking ability:
• Rivermead Mobility Index
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quality) are presented in the overview table. A follow-

these studies appeared to have had more exercise

up study took place for 3 RCTs.106,107,422 Three studies

therapy than the control groups.

included in the systematic review by Van der Lee et
al. have been excluded in this section.420 The studies
al.423

by Taub et

and Van der Lee et

al.424

F.6.2

are also dis-

Evaluation (Exercise therapy of the paretic arm
and hand)

cussed in section F.8, on CIMIT. The study by Volpe et

The methodological quality of the studies varied from

al., using a robot-assisted intervention technique, is

3158 to 794,303 points on the PEDro scale (which ranges

beyond the scope of physical therapy treatment

from 0 to 10 points).27 The quality can therefore be

options.425

classified as poor158,160 to good.87,93-95,303 The work-

In the experimental groups, the treatment consisted
of exercise therapy based on

NDT,95,163 PNF,303 a

com-

bination of NDT, Rood and Ayres,158 a combination of
Rood and

NDT,160

an eclectic

approach,87,91,94

a senso-

ing group criticized the lack of a correct randomization procedure in 7 of the 10 RCTs,87,91,93,158,160,163,421
as well as the lack of an intention-to-treat analysis in
9 of the 10 RCTs.87,91,93-95,158,160,163,421 Since certain

rimotor approach93 or the use of Mirror Therapy.421

data and comparable outcome measures were lacking,

The control groups were treated according to the NDT

no statistical pooling was possible.

concept,95 a combination of NDT and Johnstone87 or
regular physical therapy.158,160,163,421 Other control

F.6.3

groups were given a placebo ultrasound treatment93

Conclusions (Exercise therapy of the paretic arm
and hand)

or the paretic arm was immobilized.94,303 In one RCT,

It can be concluded that no differential effects have

the control group received no therapy at all.91

found to indicate that a particular exercise therapy

The exercises in the 10 RCTs were given at a frequency

offers added value with regard to improving hand

of 3303 to 595,94,158 times a week in sessions lasting 30

and arm functions in patients with stroke. It cannot

minutes93

be concluded, however, that neurological exercise

to 1.5

hours.303

The exercise period lasted

595 to 20 weeks.94

methods are not effective. There is an indication that

A total of 843 patients with stroke were included in

the intensity of the therapy influences patients’ func-

the 10 RCTs on the effectiveness of exercise methods

tional recovery.

to improve arm and hand function.87,91,93,95,158,160,163,303,421 The patient populations in these studies ranged from

9421

to

28.295

These

F.6.4

Implications for treatment (Exercise therapy
of the paretic arm and hand)

patients were in the sub-acute,87,93-95,163 post-

Based on the available knowledge, no advice can be

acute158,303 and chronic phases91,160,421 at the start of

given on the preferred neurological exercise method

the study.

for the treatment of the paretic arm. The working

The inclusion criteria for these RCTs were: mild to

group recommends an eclectic approach to the treat-

severe CVA,303,421 muscle weakness or limitations of

ment goals of exercising, which means that physical

the paretic

arm91,95,158

or pure motor

impairment,163

therapists should determine for themselves which

or were unspecified.

neurological exercise method they want to use to

The RCTs found no statistically significant differential

train arm and hand functions.

effects on functional outcome measures such as the
Action Research Arm test,93 Box and Block test,163

Based on the above, the working group has

Rivermead Motor Assessment Arm95 and Nine Hole

formulated the following recommendation:

Peg

test163 in

favour of a particular neurological treat-

ment method. Nor were 7 of the 10 RCTs able to dem-

(47) Neurological exercise methods (upper limb)

onstrate a differential effect on ADL, as measured with

(level 1)

the Barthel Index93-95,158,160,303 or the Functional

It has been demonstrated that none of the existing

Independence

Measure.163

In 4 RCTs, the effect that

neurological exercise methods for the treatment of

was found was attributed to the difference in treat-

the upper limb in patients with stroke offers any add-

ment intensity between the experimental and the

ed value for functional recovery of the arm.

control group.87,91,95 The experimental groups in
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F.6.5

Optional measuring instruments

dles that move independently. The handles have to

(Exercise therapy of the paretic arm and hand)

be moved backwards and forwards by the patients

The working group recommends several measuring

with both hands, with the paretic arm fixed to the

instruments to evaluate the effect of exercise therapy

handle. The movements can be synchronized or alter-

in the paretic arm (see table 54).

nated and are guided by the rhythm of a metronome,
adjusted to the patient’s preferred speed. This speed is

F.7

Bilateral exercising using cyclic
movement patterns

determined by asking the patient to perform the
cyclic movements at comfortable speed for 5 min-

Animal experiments have provided indications that

utes.427

the repetitive element of stereotypical movement pat-

In ICF terms, the goals of this intervention can be

terns plays an important role in learning a move-

classified in domain d445, ‘hand and arm use’.8

ment.426 It is also assumed that bilateral training of
cyclic movement patterns of the upper limb might
lead to increased muscle strength and dexterity in the

F.7.1

Scientific evidence (Bilateral exercising using
cyclic movement patterns)

paretic limb.298 The cyclic movement can be a rhyth-

One RCT,438 1 CCT298 and 1 pre-experimental study427

mic squeezing or turning movement in the on or off

have been performed on the effects of active, repeti-

phase. It is assumed that simultaneous activation of

tive cyclic movements. The most important charac-

the paretic and non-paretic arms (bilateral exercising)

teristics of the studies (including their methodologi-

creates an overflow of activation to the paretic arm.

cal quality) are presented in the overview table.

In some studies, a specially designed arm trainer was

Bütefisch et al. asked patients in the experimental

used for bilateral training of the arms, which is large-

group to perform squeeze strength exercises with

ly comparable to a hand-operated ergometer. In the

their fingers and rapid extension movements with

English literature, this intervention is also called

the paretic wrist, in a laboratory setting.298 The con-

Bilateral Arm Training with Rhythmic Auditory

trol group as well as the experimental group received

Cueing

(BATRAC).427,428

In this intervention, the

patient sits at a table with an apparatus with 2 han-

45 minutes of conventional therapy according to NDT
principles each day.

Table 54. Measuring instruments to evaluate the effect of exercise therapy of the paretic arm.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Synergy formation:

• Frenchay Arm Test

• Brunnstrom Fugl-Meyer Assessment (upper
extremity)

ADL

independence:

• Barthel Index

Somatosensory functions:
• (Modified) Notthingham Sensory Assessment
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test
Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index
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In their RCT, Luft et al. offered the patients in the

F.7.2

Evaluation (Bilateral exercising using cyclic

experimental group BATRAC, while the control group

movement patterns)

was offered unilateral training of the paretic arm

The methodological quality of the controlled studies

according to Neuro Developmental Principles

can be classified as poor to reasonable, with 3428 and

(NDP).428

4298 points on the PEDro scale (which ranges from 0 to

The researchers who tested this intervention

used functional Magnetic Resonance Imaging (FMRI)

10 points).27 No pooling was done for this interven-

to demonstrate cerebellar activity in the affected part

tion because of the difference in outcome measures.

of the brain.
Whitall et al. assessed BATRAC in a pilot study in

F.7.3

Conclusions (Bilateral exercising using cyclic

patients with stroke. Their pre-experimental study

movement patterns)

only used before and after measurements.427

There are indications that active repetitive cyclic arm

The therapy frequency in the RCT by Luft et al. was

exercises (preferably bilateral) have a favourable effect

not

reported.428

In the other 2 studies, the patients

exercised 3 times a week for 20 minutes427 or 2 times
daily for 15

minutes298.

The training period in these

on muscle strength, range of motion and dexterity of
the trained, paretic arm. No indications were found
that these active, repetitive arm exercises have a nega-

studies was 2298 to 6427 weeks.

tive effect on muscle tone. Effects of BATRAC have

The randomized effect trial by Luft et al. included 7

been found in patients in the chronic phase. It

patients with stroke with an average age of 63

should be noted, however, that the RCT that evaluated

years.428

BATRAC

At the start of the study, they were in the

was small (n = 7) and had methodological

chronic phase (a median of 37.5 months after the

shortcomings, while the second study lacked a con-

onset of stroke). Whitall et al.427 included 14 patients,

trol group. Hence, the results should be interpreted

also in the chronic phase, while Bütefisch et al.298

with some caution.

examined patients in the post-acute phase.
On FMRI, the BATRAC group in the RCT showed

F.7.4

increased cerebellar activity on the side of the lesion,

Implications for treatment (Bilateral
exercising using cyclic movement patterns)

while this was lacking in the NDT group.428 According

Based on the current knowledge, bilateral exercises

to the authors, these findings suggest that functional

for the paretic arm involving cyclic movement pat-

reorganization only occurs in the BATRAC group, and

terns might be considered. For the time being, the

can even take place years after the onset of

stroke.428

effects seem favourable with regard to muscle

Unfortunately, this study used no functional outcome

strength, range of motion and dexterity. There are no

measures to evaluate the added value of BATRAC thera-

indications that these kinds of exercise lead to an

py.

undesirable increase in muscle tone. A metronome

The pre-experimental study by Whitall et al. evaluat-

can be used during the exercises to guide the move-

ed the effect of BATRAC therapy over a period of 6

ment rhythm and to enhance synchronization

weeks.427

between the movements of the two arms. Specially

Pre and post measurements showed positive

effects for: (1) isometric arm strength, measured with

developed equipment can be used, such as that

a dynamometer; (2) active range of motion of the

described in the studies by Luft et al.428 and Whitall

shoulder extension, wrist flexion and thumb opposi-

et al.427. As an alternative to this equipment, a hand-

tion and passive range of motion of the wrist flexion,

operated ergometer might be used, with patients per-

measured with a goniometer and (3) dexterity, mea-

forming cyclic movements with both hands.

sured with the Wolf Motor Function Test. Finally,
Bütefisch et al. demonstrated that repetitive squeez-

Based on the above, the working group has

ing of the hand dynamometer had a favourable effect

formulated the following recommendation:

on the strength and contraction speed of the extensors of the wrist and fingers.298 They found no nega-

(48) Bilateral cyclic exercising (level 3)

tive effect on muscle tone.298

There are indications that exercises using active repetitive cyclic movements of the paretic arm (such as
BATRAC)
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muscle strength and dexterity in patients with stroke.

In ICF terms, the goals of this intervention can be

These effects have been found in the post-acute as

classified in the domains d430, ‘lifting and carrying

well as the chronic phase.

objects’ and d445, ‘hand and arm use’.8

F.7.5

F.8.1

Optional measuring instruments
(Bilateral exercising using cyclic movement
patterns)

Scientific evidence (Constraint-Induced
Movement Therapy)

One critical review429 and 6 RCTs423,424,430-433 have

The working group recommends several measuring

been performed on the effects of CIMT. The most

instruments to evaluate the active, repetitive cyclic

important characteristics of the studies (including

arm exercises (see table 55).

their methodological quality) are presented in the
overview table. The non-paretic arm of patients in the

F.8

Constraint-Induced Movement
Therapy

experimental groups in these 6 studies was immobilized with a splint and sling,423,424,431 glove and

Constraint-Induced Movement Therapy (CIMT) or

sling432,433 or only a glove.430 The immobilization of

‘focused use’ is defined as a treatment method in

the arm/hand varied from 90 percent of the day for 2

which the use of the paretic arm is stimulated by tem-

weeks423,431 to 5 hours a day for 10 weeks.432,433 In

porary immobilization of the non-paretic arm or

this intervention period, the paretic arm was trained

functional restriction with a splint, glove or sling.429

3432 to 5 times423,424,430 a week for 1432,433, 2430 or 6

The immobilization forces the patient to perform ADL

hours.423,424 The therapy that the experimental group

activities with the paretic arm. CIMT is combined with

received consisted of exercising a number of func-

specific, tailor-made exercise therapy of the paretic

tional activities with the paretic arm, such as eating

arm and hand (shaping).429 Since movements with

with a fork or spoon, throwing a ball or playing one-

the paretic arm cost relatively more effort and are less

handed games such as domino.423,424,430,432,433

efficient and accurate than those using the non-paret-

In the study by Taub et al., the therapy of the control

ic arm, patients gradually start to use the paretic arm

group was based on: (1) the advice to restrict the

less and less in daily life (so-called learned non-

paretic arm as much as possible in the home situa-

use).423

Nevertheless, motor activity is possible in

tion; (2) passive ROM exercises by the physical thera-

these cases. By greatly restricting the use of the non-

pist and (3) having patients move their paretic arm

paretic arm, CIMT tries to overcome this ‘learned non-

with the non-paretic arm.423 In the studies by

use’.

Dromerick et al.430 and Van der Lee et al.,424 the ther-

Table 55. Measuring instruments to evaluate active, repetitive cyclic arm exercises.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Range of motion:

• Frenchay Arm Test

• Neutral-0 method (goniometer)
Synergy formation:
• Brunnstrom Fugl-Meyer Assessment (upper
extremity)
Dexterity:
• Action Research Arm Test and/or
• Nine Hole Peg test
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apy of the control groups consisted of exercising

between the intervention and control interven-

bimanual activities, in which the paretic arm was

tions.429

allowed to be supported by the non-paretic arm. In

One study demonstrated a larger effect of CIMT in

the 2 studies by Page et al.,432,433 the control group

patients with stroke whose somatosensory functions

received no therapy. In the study by Sterr et al.,431 the

were also impaired.424 Even in the chronic phase,

contrast consisted of the amount of time that

CIMT

patients engaged in CIMT. The experimental group

patients with stroke.424

received CIMT for 6 hours a day for 14 consecutive

In their study, Sterr et al. observed a small added val-

can lead to improved arm and hand functions in

days, the control group 3 hours a day. In absolute

ue of longer daily CIMT treatment (6 hours/day com-

terms, the patients in the studies by Taub et al.423 and

pared to 3 hours/day) as regards the quality and use

Van der Lee et al.424 received 60 hours of training of

of the paretic arm as well as for dexterity, measured

the paretic arm in 2 weeks, against 20 hours in 2

with the Wolf Motor Function Test (WMFT).432 In ani-

weeks in the studies by Page et

al.,432,433

and 30 hours

in 10 weeks in the study by Dromerick et al.430
The study populations in the 6 RCTs varied from

mal experiments, CIMT in the first week after CVA was
found to have a negative effect on the size of the neu-

6432

rological defect.434,435 In rats with an artificially

to 66424 patients. A total of 134 patients with stroke

induced ischemic infarct, forced use of the paretic

were included, with an average age of 62

foreleg appeared to have a damaging effect on the

years.423,424,430-433 Sterr et al. included not only 13

size of the neurological defect.434,435 These unfavour-

patients with stroke but also 2 patients with a trau-

able effects in rats were not seen, however, when CIMT

matic brain injury.431 The treatment started at widely

was only started after the first week after the onset of

divergent moments after the onset of stroke. At the

stroke.434,435 To what extent these negative effects in

start of the study, the time that had elapsed since

animal research can be extrapolated to humans is

stroke was between 6

days430

and 4.8

years.431

The

unclear. Nevertheless, based on this animal research

studies thus included patients in the acute,430 post-

the working group recommends starting CIMT at least

acute432,433

one week after the onset of stroke.

and chronic

phases.423,424,431

One of the

inclusion criteria of the CIMT studies was a minimum
active range of motion of 10 degrees extension of the

F.8.2

finger and 20 degrees dorsal flexion of the wrist of

Evaluation (Constraint-Induced Movement
Therapy)

the paretic arm.423,424,431-433 Three randomized stud-

The methodological quality of the individual studies

ies examined patients with an ischemic CVA,430,432,433

is presented in tables 56 and 57. The quality of the 6

1 study examined patients with different types of

randomized studies varied from 4 to 7 points on the

CVA424

PEDro

and in 2 studies the type of CVA was not speci-

scale (which ranges from 0 to 10 points) and

fied.423,431

can therefore be classified as reasonably good to

Five of the 6 randomized studies reported favourable

good.27 Three RCTs lacked an intention-to-treat analy-

effects of CIMT on dexterity, measured with the Action

sis423,430,431 and 5 of the 6 studies used no correct

Research Arm Test (ARAT)424,430,432,433 and the Arm

randomization procedure.423,430-433

Motor Activity test

(AMAT).423

Favourable effects were

Tables 56 and 57 also present the qualitative analyses

also found on the Motor Activity Log (MAL) in 4

of the randomized studies at activity level. This quali-

RCTs.423,424,432,433

tative analysis excluded the study by Sterr et al.,

The MAL is a structured question-

naire that includes a number of functional tasks

because of the heterogeneous study population on

(varying from 14 to 30). The questionnaire asked

the one hand and the lack of contrast between the

patients to evaluate the extent to which they use the

experimental and control groups on the other.431

paretic arm and the quality of the movements of this

Pooling of the studies yielded a statistically signifi-

arm during ADL.

cant overall fixed effect size of 0.46 SDU (95% CI:

The small effects reported as regards the improve-

0.07-0.85)423,424,430,432,433 with regard to dexterity,

ment of dexterity of the paretic arm were confirmed

measured with the ARAT424,430,432,433 and the AMAT.423

in a recent critical

review.429

Much of the effect could

be determined by the difference in exercise intensity
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Converted to a weighted percentage improvement,

the five randomized trials on the effect of CIMT, the

this SES implies a significant improvement of 13.5 per-

patients with stroke needed to have an active dorsi-

cent for dexterity, corresponding to an improvement

flexion of the wrist of 20 degrees and active extension

of 8 points on the ARAT.

of at least 3 fingers of 10 degrees on the paretic side.

Statistical pooling of the studies for subjectively expe-

If the voluntary range of motion in the paretic wrist

rienced use of the paretic arm measured with the MAL

is less than 20 degrees of dorsiflexion and the exten-

was only partly possible, as the publications by Page

sion of the paretic fingers less than 10 degrees, inten-

et al. presented the MAL data incompletely.432,433

sive functional exercises with only the paretic arm are

Pooling the studies by Taub et

al.423

and Van der Lee

virtually impossible.

et al.424 with regard to ‘the extent to which the paret-

There are indications that the effects of CIMT are

ic arm is used’ resulted in a statistically non-signifi-

greater in patients who also have somatosensory

cant overall effect size (SES 0.23; 95% CI:

impairments.424,429 Even in the chronic phase after

-0.24-0.70).423,424

stroke, improvement of the arm function is still possible. Animal research findings suggest that it is better

F.8.3
CIMT

Conclusions (Constraint-Induced Movement

not to use CIMT in the first 7 days after the onset of

Therapy)

stroke.434,435

is a useful form of therapy from the sub-acute

phase onwards. The immobilization (constraint) is

F.8.4

only partly responsible for the effects of CIMT, which

Implications for treatment (ConstraintInduced Movement Therapy)

may also be determined by the increased training

The working group recommends applying CIMT only

intensity (shaping). This leads to the recommenda-

in patients with stroke with a minimal active dorsi-

tion to stimulate patients with stroke to exercise the

flexion of 20 degrees of the wrist and 10 degrees of

paretic arm intensively for a prolonged period (per

the fingers. Patients whose predominant problem is

day).424

impaired somatosensory function seem to benefit

It is important to note that to be able to take part in

from CIMT. The optimal time of immobilization and

Table 56. Dexterity.
Study

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

10 weeks

4/5

14 / 15

11.5 - (-0.7) = 2.2

0.74

-0.63 - 2.12

ARAT

10 weeks

2/2

12.9 / 12.1

15.5 - 1.0 = 14.5

0.66

-1.40 - 2.73

ARAT

2 weeks

11 / 9

19.9 / 20.7

25.5 - 16.4 = 9.1

0.43

-0.46 - 1.32

ARAT

2 weeks

31 / 31

11.4 / 13.4

5.8 - 1.7 = 4.1

0.34

-0.16 - 0.84

AMAT

2 weeks

4/5

4/4

5

1.11

-0.33 - 2.55

0.46

0.07 - 0.85

Outcome

Duration of

measure

intervention

Page et al.
2002

ARAT

Page et al.
2001
Dromerick
et al.
2000
V.d. Lee et al.
1999
Taub et al.
1993
SES
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Table 57. Use of the paretic arm.
Study

V.d. Lee et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

2 weeks

31 / 31

1.05 / 1.15

0.7 - 0.55 = 0.15

0.13

-0.36 - 0.63

2 weeks

4/5

3.68 / 5.03

4.75 - (-0.2) = 4.95 0.98

-0.43 - 2.39

0.23

-0.24 - 0.70

Outcome

Duration of

measure

intervention

MAL

MAL

1999
Taub et al.
1993
SES

(fixed)

35 / 36

duration of training cannot be defined with certainty,

(50) Constraint-Induced Movement Therapy and

but there are indications that daily immobilization of

somatosensory impairments (level 1)

the non-paretic arm and hand for several hours a day

It has been demonstrated that the effects of

over a period of 2 weeks has a favourable effect. The

Constraint-Induced Movement Therapy (CIMT) in

immobilization serves to prevent the use of the non-

patients with somatosensory impairments are greater

paretic arm. The immobilization of the non-paretic

than in patients with intact somatosensory function.

arm has to be combined with daily intensive functional dexterity training of the paretic arm. CIMT is

F.8.5

recommended only from 7 days after the onset of

Optional measuring instruments
(Constraint-Induced Movement Therapy)

stroke onwards, since animal research has found a

The working group recommends several measuring

damaging effect of forced-use technique immediately

instruments to evaluate Constraint-Induced

after the development of the lesion. If the non-paretic

Movement Therapy (see table 58).

arm is immobilized for a large part of the day, there is
a considerable risk that the patient is insufficiently
able to break a fall. To reduce this risk, one might

F.9

Neuromuscular stimulation of the
paretic wrist and finger extensors

considerer omitting the sling for the non-paretic arm

Neuromuscular stimulation (NMS) in patients with

during CIMT, so that the patient wears only a glove on

stroke can be defined as ‘the use of cyclic stimulation

the non-paretic hand.

of paretic muscles in order to minimize specific
impairments, such as restricted range of motion

Based on the above, the working group has

(ROM), muscle weakness, spasticity and cardiovascular

formulated the following recommendations:

reconditioning’.328 The purpose of applying NMS to
the dorsal side of the forearm is to try and improve

(49) Constraint-Induced Movement Therapy

the dorsiflexion of the wrist and fingers by activating

(level 1)

the finger and wrist extensors in the forearm.

It has been demonstrated that Constraint-Induced

Physiological effects that have been ascribed to NMS

Movement Therapy (CIMT) (forced-use) has a positive

in the literature are muscle strengthening, inhibition

effect on recovery of dexterity in patients with stroke

of antagonist spasticity, correction of contractures,

with at least 20 and 10 degrees of voluntary exten-

increased range of motion (ROM) and facilitation of

sion in wrist and fingers, respectively.

voluntary muscle control.114,116,334

Because the effects of CIMT are closely linked to the

In ICF terms, the objectives of this intervention men-

intensity with which the paretic arm is trained,

tioned can be classified in the following domains:

immobilization of the non-paretic arm will have to be

d430, ‘lifting and carrying objects’; d445, ‘hand and

done in combination with an intensive functional

arm use’; d440, ‘fine hand use’ and d449, ‘carrying,

exercise programme for the paretic arm (shaping).

moving and handling objects’.8
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Studies on NMS with intramuscular electrodes are not

between stimulus time and muscle fatigue, and drew

discussed in this section since this form of NMS is

conclusions on the effect of varying the adjustable

beyond the scope of physical therapy options. This

parameters of the duty cycle.438

section only discusses the evidence for the use of NMS

The 4 studies applied the NMS electrodes to the dorsal

with surface electrodes on the dorsal side of the fore-

side of the paretic arm at the level of the wrist and

arm.

finger extensors.116,334,437,438 The pulse duration of
the NMS varied from 0.2 sec334 to 0.3 sec116,437,438

F.9.1

Scientific evidence (Neuromuscular stimulation

and the frequency varied from 20 Hz116 to 50 Hz.437

of the paretic wrist and finger extensors)

The duty cycle with alternating on/off phase was usu-

One systematic review436 and 4 RCTs116,334,437,438 have

ally individually adjusted.116,334,437 The study by

been performed on the effectiveness of NMS of the

Packman-Braun examined the on/off ratio. Setting

paretic forearm extensors in patients with stroke. The

the pulse pause to 5, 10 and 25 sec led to values for

most important characteristics of the studies (includ-

the on/off ratio of 1:1, 1:3 and 1:5, respectively.438

ing their methodological quality) are presented in

NMS

Chapter F.I.2.

duration ranging from 60 minutes once a day437 to

The experimental groups in 3 of the 4 RCTs received

30 minutes 3 times daily.116 The training period var-

NMS

treatment of the extensors of the paretic arm in

was given 5 times a week334 with a treatment

ied from 3437 to 8116 weeks.

addition to standard treatment with exercise thera-

The 4 RCTs on NMS of the paretic arm extensors

py.116,334,437

included a total of 154 patients with

The control groups in these 3 studies

were treated with: (1) passive mobilizing exercises of

stroke.116,334,437,438 The study populations varied

the paretic arm, combined with PNF and functional

from 18438 to 60116 patients. At the start of the inter-

ADL

exercises;334 (2) therapy based on a combination

of the Motor Relearning Programme (MRP) and the
NDT

concept116 or (3) additional placebo electro-stim-

vention, the time that had elapsed since the onset of
stroke was between 16 days437 and 3 months.438 The
studies therefore included patients in the sub-

ulation.437

acute116,437 and post-acute phases.334,438

The study by Packman-Braun examined the relation

Inclusion criteria were restricted dorsiflexion of the

Table 58. Measuring instruments to evaluate Constraint-Induced Movement Therapy.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Range of motion:

• Frenchay Arm Test

• Neutral-0 method (goniometer)
Synergy formation:
• Brunnstrom Fugl-Meyer Assessment
(upper extremity)
Somatosensory functions:
• (Modified) Nottingham Sensory Assessment
Dexterity:
• Action Research Arm Test and/or
• Nine Hole Peg Test
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paretic wrist116,334,437 or complete passive range of

because of the lack of data from baseline measure-

motion of the dorsiflexion of the paretic wrist.438

ments, the studies were difficult to compare and sta-

Positive effects were demonstrated for synergy forma-

tistical pooling was not undertaken.

tion,437 dexterity,116 range of motion of the wrist

The RCT by Powell et al. used a post-hoc analysis to

(dorsiflexion)334

assess whether the severity of stroke could be a deter-

and muscle strength in the

wrist.116,334

minant of the effectiveness of NMS in terms of dexteri-

In the study by Chae et al., the experimental group

ty.116 In this RCT, the heterogeneous study population

improved significantly more than the control group

was divided into ‘more’ and ‘less’ severely affected

namely by 6.6 points, as measured with the motor

groups of patients with stroke. The post-hoc analysis

section for the upper limb of the Brunnstrom Fugl-

showed that the ‘less severely’ affected subgroup

Meyer Assessment which ranges from 0 to 66

showed a significant effect in the ARAT subtests.116

points.437
The study by Powell et al. found increased dexterity,

F.9.3

measured with the Action Research Arm test (ARAT), to

Conclusions (Neuromuscular stimulation of the
paretic wrist and finger extensors)

be increased by 4 points in the subtest on pinch grip

It can be concluded that, at the impairment level,

(on a 0-18 scale) and 2 points on the cylinder grip

NMS

subtest (on a 0-12

scale).116

After 32 weeks of follow-

up, however, this difference was no longer statistically

significant.116

The range of motion of the dorsi-

has a favourable effect on isometric muscle

strength of the extensors and hence on the active
range of motion of the wrist334 and fingers.116
Major differences in effect have been found between

flexion of the wrist (active ROM) increased by 35

patients who are unable to move the paretic wrist

degrees in the experimental group in the study by

voluntarily in dorsiflexion (complete functional

Bowman et al., while the control group only showed

impairment) and patients who have some voluntary

8 degrees of

improvement.334

Muscle strength of the

wrist in dorsiflexion, measured with a dynamometer,
improved in the RCT by Powell et

al.166

as well as in

active extension of the wrist and fingers. In the group
with complete functional impairment of the forearm
extensors, NMS appears to offer no added value in

the randomized study by Bowman et al.334

terms of dexterity, while in the group with incom-

No statistically significant effects were found with

plete impairment, favourable dexterity effects have

regard to ADL independence, measured with the

been found. It has to be noted that, as a result of the

Functional Independence Measure

(FIM)437

or the

Barthel Index (BI)116 or with regard to spasticity (stiff-

high dropout rates in the RCTs, many of the studies
were of moderate methodological quality.

ness in passive movements), measured with the
Ashworth scale.116

F.9.4

Implications for treatment (Neuromuscular
stimulation of the paretic wrist and finger

F.9.2

Evaluation (Neuromuscular stimulation of the

extensors)

To improve dexterity of the paretic arm, the working

paretic wrist and finger extensors)

The methodological quality of the included studies

group recommends applying NMS only in patients

varied from 3 to 7 points on the PEDro scale (which

with stroke who show active dorsiflexion of the wrist

ranges from 0 to 10 points).27 The quality of the stud-

and extension of the fingers of the paretic arm. Based

ies can therefore be classified as ranging from poor to

on available knowledge, the working group recom-

good.116,437 However, 3 of the 4 randomized

mends placing the NMS electrodes on the musculi

trials334,437,438

extensor carpi radialis, extensor carpi ulnaris and

did not use a correct randomization

procedure, and 2 studies had high dropout rates: 20
percent in the study by Powell et

al.116

and 36 per-

extensor digitorum communis and to offer the NMS
treatment for 30 minutes 3 times a week over a period

cent in the study by Chae et al.437 Together with the

of several months. In some cases, a specially designed

lack of intention-to-treat analysis in the 4 RCTs this

Handmaster can be used for this purpose, although

makes the value of the reported effects uncertain for

the added value of the Handmaster over other neuro-

the time

being.334,116,437,438

muscular stimulators remains unproven.439

Because of the diversity of outcome measures and
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Table 59. Measuring instruments to evaluate

NMS

of the paretic forearm.

Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Synergy formation:

• Frenchay Arm Test

• Brunnstrom-Fugl-Meyer Assessment
(upper extremity)
Range of motion:
• Neutral-0 method (goniometer)
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test

Based on the above, the working group has

F.9.5

Optional measuring instruments

formulated the following recommendations:

(Neuromuscular stimulation of the paretic wrist

(51) Neuromuscular stimulation of extensors

and finger extensors)

(level 3)

The working group recommends several measuring

There are indications that neuromuscular stimulation

instruments to evaluate NMS of the extensors of the

(NMS) of the wrist and finger extensors of the paretic

paretic forearm (see table 59).

arm has a favourable effect on muscle strength and
range of motion of the wrist and fingers.
(52) Neuromuscular stimulation in the absence of
voluntary wrist and finger extension (level 2)

F.10

EMG-triggered neuromuscular
stimulation of the paretic
forearm

EMG-triggered

stimulation is a combination of EMG

It is plausible that neuromuscular stimulation (NMS)

and NMS (see section F.9). It is administered via skin

of the paretic wrist and finger extensors offers no

electrodes with a specially designed portable appara-

added value for the recovery of dexterity if patients

tus. The studies discussed below used an AutomoveTM

have no voluntary control over wrist and finger

stimulator.440,443 The objective of the interventions

extension.

described in this section is to achieve maximum wrist
and finger extension in patients with a motor dys-

(53) Neuromuscular stimulation in the presence

function of the paretic wrist.440

of voluntary wrist and finger extension (level 2)

In ICF terms, the objectives of the above intervention

It is plausible that in the presence of active wrist and

can be classified in the following domains: d430, ‘lift-

finger extension of the paretic hand, neuromuscular

ing and carrying objects’; d445, ‘hand and arm use’;

stimulation (NMS) of the wrist and finger extensors

d440, ‘fine hand use’ and d449, ‘carrying, moving

has a favourable effect on the recovery of dexterity.

and handling objects’.8

These effects have only been demonstrated in the

The Automove™ uses the EMG as a trigger for stimula-

sub-acute phase.

tion. A particular intuitive threshold value for the
detection of the EMG signal is set in advance, so this
can made to depend on the patient’s own activity.
The patient is asked to actively tighten the muscle to
attain the set threshold value (trigger). When the
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threshold value is reached, the Automove™ provides

acute,441 post-acute442 and chronic phases.440

neuromuscular stimulation of the movement, result-

Inclusion criteria for these studies were an active dor-

ing in further support of the

movement.440

If the

sal wrist flexion of 20 degrees in the paretic arm440 or

threshold value is not reached, it can be adjusted to a

muscle strength of the musculus extensor carpi radia-

lower level. The difference between EMG-triggered

lis of MRC grade 3 or less (on a scale of 0 to 5).441

stimulation and EMG feedback is that in EMG feedback,

Hemmen et al.442 and Kraft et al.443 reported no

the EMG is offered as a result (feedback) (see section

inclusion or exclusion criteria.

F.11).

Favourable effects were demonstrated in the randomized studies440 for: (1) muscle strength of the wrist

F.10.1

Scientific evidence (EMG-triggered

extensors (sustained muscle contraction), measured

neuromuscular stimulation of the paretic forearm)

with a dynamometer in a laboratory setting440; (2)

Three RCTs440-442 and 1 CCT443 have examined EMG-

synergy formation, measured with the Brunnstrom

triggered neuromuscular stimulation of the paretic

Fugl-Meyer Assessment (BFM) for the upper limb441;

arm in patients with stroke. The most important

(3) dexterity, measured with the Box-and-Block test

characteristics of these studies (including their meth-

(B&B test)440 and (4) ADL independence, measured

odological quality) are presented in the overview

with the Functional Independence Measure (FIM).441

table.

In the RCT by Cauraugh et al., the B&B test showed

The RCTs440-442 and the CCT443 used the same study

that the patients in the experimental group were able

design. The patients were seated at a table, with the

to grasp, move and drop 9 wooden blocks more at the

palm of the paretic hand lying on the table. The elec-

end of intervention than at the start: an improve-

trodes of the Automove™ were placed on the dorsal

ment of 129 percent.440

side of the forearm, on the musculus extensor carpi

Francisco et al. demonstrated a statistically significant

radialis,441

17-point difference between the treatment groups on

musculus extensor communis digitorum

and musculus carpi ulnaris,440 or on other, unspecified extensors of the

forearm.442,443

the part of BFM that relates to the upper limb (which
ranges from 0 to 66 points) and a 2.5 points differ-

The patients were then asked to extend their wrist. As

ence on the FIM (which ranges from 18 to 126

soon as the Automove™ detected any voluntary acti-

points).441

vation and the threshold value was exceeded, it pro-

In the study by Hemmen et al., dexterity, measured

duced neuromuscular stimulation, which contracted

with the Action Research Arm test (ARAT), improved in

the extensors of the wrist.

the group that was triggered with EMG as well as in

The EMG-triggered feedback in the experimental group

the group that received conventional neuromuscular

in the RCT by Hemmen et al. was supported by move-

stimulation.442 The improvements were 20 and 30

ment

imagery.442

percent on the BFM and 106 and 116 percent on the

The control groups received: (1) conventional neuromuscular

stimulation442;

(2) physical therapy without

physical modalities440,441 or (3) no physical therapy.443
The training frequency in the 3

RCTs440-442

varied

from 3440 to 5441,442 times a week with sessions lasting

30441,442

to

60440

minutes. The training period

was 2440 to 12442 weeks.

ARAT,

respectively, indicating a larger effect of NMS

than of EMG-triggered stimulation. However, no statistically significant effect was found between the treatment groups, neither for BFM nor for ARAT.442
The RCT by Cauraugh et al. found no differential
effect for synergy formation (BFM) or dexterity, measured with the Motor Assessment Scale (MAS).440

A total of 47 patients with stroke were included at the

The CCT by Kraft et al. showed that the group of

start of the 3 RCTs on the effects of EMG-triggered stim-

patients receiving EMG triggering improved more than

ulation of the paretic arm.440-442 The initial study

the control groups in terms of BFM.443 This study

population varied from 9441 to 27442 patients. The

found no positive effects on muscle strength (grip

average age of the patients was 62 years. At the start

strength).443

of the study, the time that had elapsed since the
onset of stroke was 18 days441 to 3.5 years,440 which
means that the studies included patients in the sub-

113

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

F.10.2

Evaluation (EMG-triggered neuromuscular

F.10.4

stimulation of the paretic forearm)

Implications for treatment (EMG-triggered
neuromuscular stimulation of the paretic forearm)

The methodological quality of the included RCTs var-

The working group recommends not using EMG-

ied from 3440 to 5441,442 points on the PEDro scale

triggered stimulation in patients with stroke to

(which ranges from 0 to 10 points)27 (see table 60).

improve the active range of motion of the paretic arm

The quality of the studies can thus be classified as

or the arm and hand functions.

ranging from

poor440

to reasonably

good.441,442 The

lack of an intention-to-treat analysis,440-442 as well as
inadequate randomization

procedures,440-442

make

Based on the above, the working group has
formulated the following recommendation:

the value of the reported effects doubtful.
Pooling of 2 RCTs441,442 was possible for the BFM out-

(54) EMG-triggered neuromuscular stimulation

come measure (see table 60). The RCT by Cauraugh et

(level 2)

al. found no differential effect

for BFM.440

Their publi-

It is plausible that the addition of EMG feedback dur-

cation failed to present the data (standard deviations)

ing neuromuscular stimulation (NMS) of the wrist and

and the study could therefore not be included in the

finger extensors of the paretic arm offers no added

quantitative analysis.440

value in terms of muscle strength and hand and arm

Pooling yielded a statistically non-significant overall

functions in patients with stroke.

effect size for synergy formation, measured with the
BFM (SES
CCT

-0.06; 95% CI: -0.76-0.63).441,442 When the

F.11

by Kraft et al. is added to the analysis, the effect

EMG/Biofeedback of the paretic
arm

increases somewhat, but remains statistically non-sig-

Electro-myographic (EMG) or Biofeedback therapy

nificant (SES 0.13; 95% CI: -0.48-0.73).441-443

(EMG/BF) can be defined as a form of treatment in
which muscle function is trained on the basis of visu-

F.10.3

Conclusions (EMG-triggered neuromuscular

al or auditory feedback of the detected acivity.444 In

stimulation of the paretic forearm)

many cases, this concerns feeding back electric motor

There is no evidence in the literature examined by

unit potentials detected by external electrodes that

the working group that adding EMG-triggered feed-

are placed on the muscles.444 A feedback unit con-

back during NMS stimulation of the paretic forearm

verts these potentials to visual or auditory informa-

with the Automotive™ stimulator offers any added

tion for patient and therapist.444 The patient is

value in terms of improving muscle strength of the

instructed to increase or decrease the activity of the

wrist and finger extensors hence improving dexterity.

muscles concerned.444 The use of EMG/BF on the paretic arm by means of auditory or visual feedback aims
to improve aspects like muscle tone, muscle strength,
range of motion, arm and hand functions and ADL
independence, as well as to reduce pain.

Table 60. Synergy formation.
Study

Francisco et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

6 weeks

5/4

9.0 / 7.8

27 - 10 = 17

1.78

0.17 - 3.39

12 weeks

14 / 13

9.0 / 6.9

8 - 12 = -4

-0.48

-1.25 - 0.29

-0.06

-0.76 - 0.63

Outcome

Duration of

measure

intervention

BFM

BFM

1998
Hemmen et al.
2002
SES

114

(fixed)

19 / 17
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In ICF terms, the objectives of this intervention can be

der muscles448; (3) painful hemiplegic shoulder452; (4)

classified in the following domains: d430, ‘lifting and

a minimum difference of 20 degrees between active

carrying objects; d445, ‘hand and arm use’; d440,

and passive flexion of the paretic elbow449 or (5) a

‘fine hand use’ and d449, ‘carrying, moving and han-

minimum active flexion and extension of the paretic

dling

objects’.8

This section discusses the effects of

applying EMG/BF to the paretic arm.

elbow of 30 degrees.447
At the impairment level, statistically significant
effects were demonstrated in some studies for: (1)

F.11.1

Scientific evidence (EMG/Biofeedback of the

synergy formation;446,448,451 (2) active range of

paretic arm)

motion of abduction of he paretic shoulder;450 (3)

Three systematic reviews,345,346,444 1 critical
review,445

9

RCTs157,343,446-452

and 2

CCTs453,454

muscle tone451 and (4) coordination.451 The experihave

mental group in the study by Inglis et al. was capable

been performed on the use of EMG/BF for the upper

of 16 degrees more abduction of the paretic shoulder

limb. The most important characteristics of the stud-

at the end of the treatment than the control group.450

ies (including their methodological quality) are pre-

Unlike Basmajian et al.,157 who did not find any

sented in the evidence table F.11 in Chapter I.2.

effects on dexterity, the RCT by Crow et al.448 demon-

The systematic review by Moreland et al.444 included

strated a 5-point improvement in dexterity, measured

only studies that examined the effectiveness of EMG/BF

with the Action Research Arm Test (which ranges

in improving functions of the upper limbs. The other

from 0 to 57 points) at the end of the treatment.

two systematic reviews included studies on its effec-

Most of the studies were unable to demonstrate

tiveness for the lower as well as upper limbs.345,346

improvements as a result of EMG/BF. No positive

The systematic review by Glanz et al. comprises only

effects were found as regards (1) pain;452 (2) range of

RCTs,346

motion;343,449,450,454 (3) muscle strength450 or (4) syn-

et

al.444

whereas the systematic reviews by Moreland
and Schleenbaker and

Mainous345

also

ergy formation.450

included the CCTs by Prevo et al.453 and Wolf and

The 3 systematic reviews345,346,444 came to contradic-

Binder.454

tory conclusions. Schleenbaker and Mainous345 sug-

The experimental groups in the 9 RCTs157,343,446-452

gest a statistically significant advantage of biofeed-

received EMG/BF treatment of the upper limbs. In 3 of

back, while Glanz et al.346 and Moreland et al.444

the 9 RCTs, the patients received the EMG/BF treatment

found no statistically significant favourable effect of

as an add-on to standard physical

therapy.446,448,450

EMG/BF

on the range of motion of the paretic shoulder

In the control groups of these randomized studies,

(abduction)346 or the elbow (extension),346 on muscle

the therapy was based on the concepts of NDT,157,451

strength444 or on the functions of the arm and

Brunnstrom,449,451 Jacobson,452 unspecified neuro-

hand.444 The discrepancy in these conclusions can to

physiological exercise

methods446,450

or a placebo

EMG/BF.343,448

a large extent be attributed to whether or not they
included the effect of EMG/BF on the lower limb.345

The training was offered

2449 to

5343

times a week in

sessions lasting an average of 40 minutes. The training period varied from

2343,452

to

6448,451

F.11.2

weeks.

Evaluation (EMG/Biofeedback of the paretic
arm)

The 9 RCTs included a total of 229 patients with

The methodological quality of the 9 RCTs157,343,446-452

stroke. The study populations varied from 11451 to

varied from 2447 to 7448 points (median = 5) on the

42448 patients. The time that had elapsed since the

PEDro

onset of stroke was between 7

weeks452

and 3.1

years.449 Five studies included patients with stroke in
the post-acute

phase157,343,446,448,452

while 3 studies

scale (which ranges from 0-10 points).27 The

studies can therefore be classified as ranging from
poor447,450,451 to good.343,446,448 The working group
criticized the lack of an intention-to-treat analysis in

included patients in the chronic phase.449-451 Bate et

all RCTs and the absence of a correct randomization

al.447 did

procedure (for example with sealed envelopes) in 8 of

not report the phase the patients were in.

Inclusion criteria for these randomized trials were: (1)
restrictions of the paretic

arm;446,450,451

(2) some

activity in the wrist and finger extensors157 or shoul-
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most important indicators447,451,452 at the start of the

F.12

intervention, and the researcher was not blinded in 3

Transcutaneous electrostimulation of the paretic arm

of the 9 RCTs.447,449,450 Additionally, point measures

Transcutaneous Electrical Nerve Stimulation (TENS)

and measures of variability were not reported in 3

can be defined as ‘a physical therapy technique in

RCTs.

which low-frequent electrotherapy is administered

All this makes the value of the reported effects

doubtful.447,450,451

via surface electrodes’. TENS stimulates the superficial

In view of the lack of comparable outcome measures,

nerve fibres in the skin, producing sensory and motor

quantitative analyses were not performed. The sys-

effects. Which effects occur depends on the pulse

al.346

used statistical pool-

duration, the intensity and the frequency of the elec-

ing of 3 RCTs343,449,450 as regards range of motion. The

trical pulses and the type of nerve fibre that is stimu-

tematic review by Glanz et
ROM

values were, however, hard to compare, since

Inglis et al.450 assessed the abduction of the shoulder,
whereas Hurd et

al.343

used a combined assessment of

shoulder abduction and dorsiflexion of the ankle, and
Greenberg et

al.449

reported the range of motion of

lated.455
In ICF terms, the objective of this intervention can be
classified in the domains b730 to b749, ‘muscle functions’ and b280 to b289, ‘pain’.8
The distinction between NMS (see sections F.9 and

elbow extension. Nevertheless, by applying a random

F.13) and TENS is not clear-cut.456 TENS is applied for

effects model, Glanz et al. were able to demonstrate

various purposes. For instance, Faghri et al.457 used

that there was no statistically significant effect on

TENS

to suppress pain, whereas Potisk et al.458 applied

ROM.346

TENS

with the aim of reducing spasms and improving

The systematic review by Moreland et al. used statisti-

function. Leandri et al.459 used 2 forms of TENS, name-

cal pooling for muscle strength and arm and hand

ly low-intensity and high-intensity TENS. High-

functions based on odds ratios.444 This meta-analysis

intensity TENS uses an intensity of at least 3 times the

also found that none of the overall effect sizes were

sensory threshold value, usually with a low pulse fre-

statistically significant.444

quency.456 Low-intensity TENS uses low intensity, usually just perceptible, usually with high pulse frequen-

F.11.3

Conclusions (EMG/Biofeedback of the paretic

cy.456

arm)

It can be concluded that the use of EMG/BF by patients
with stroke offers no added value as regards allevia-

F.12.1

Scientific evidence (Transcutaneous
electro-stimulation of the paretic arm)

tion of impairments such as range of motion of the

Three RCTs have been performed on TENS treatment of

paretic arm and muscle strength, nor for the improve-

the paretic arm.459-461 In addition, one follow-up

ment of dexterity.

study was performed 3 years after an intervention.462
The most important characteristics of the studies

F.11.4

Implications for treatment (EMG/Biofeedback

(including their methodological quality) are presen-

of the paretic arm)

ted in the overview table.

The working group recommends not using EMG/BF in
patients with stroke.

The way TENS was administered to the patients in the
experimental groups differed between the 3
RCTs.459-461

Sonde et al. treated the experimental

Based on the above, the working group has

group with low-intensity TENS, while the control

formulated the following recommendation:

group received no TENS treatment.460 Tekeoglu et al.
compared the effect of high-intensity TENS with a pla-

(55) EMG/Biofeedback (level 1)

cebo TENS treatment.461 Leandri et al. assessed the

It has been demonstrated that the use of EMG/

effect of low-intensity as well as high-intensity TENS

Biofeedback on the paretic arm in patients with

treatment compared to placebo stimulation.459 The

stroke offers no added value in terms of active range

electrodes on the paretic side were placed (1) only on

of motion, muscle strength, movement coordination

the triceps brachii461; (2) on the triceps brachii as well

or dexterity.

as on the wrist extensors460 or (3) on the shoulder
muscles.459 The frequency of TENS treatment varied
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from 3459 to 5460,461 times a week, each session last-

analysis.459-461 See table 61 for a quantitative analysis

ing 30461 to 60 minutes.460 The training period varied

as regards spasticity (stiffness in passive movements).

from 4

weeks459

to 3

months.460

Statistical pooling was not possible for pain (incom-

The 3 RCTs on TENS included a total of 164 patients
with

stroke.459-461

plete data), passive range of motion of the shoulder

The study populations of these 3

(incomplete data) or synergy formation (only 1 ran-

trials varied from 44460 to 60459,461 patients. At the

domized trial). Pooling of 2 RCTs for spasticity (stiff-

start of the randomized trials, the time that had

ness in passive movements) of the paretic elbow,

elapsed since the onset of stroke was between 43

measured with the (Modified) Ashworth Scale, yield-

days461

ed a statistically significant homogeneous overall

and 8.8

months.460 The

trials thus included

patients in the post-acute459,461 and chronic phas-

effect size in favour of the TENS treatment (SES 0.44;

es.460 The

95% CI: 0.04-0.83).460,461 When this SES is converted

inclusion criteria of these RCTs were a score

of 50 points or less on the Brunnstrom Fugl-Meyer
Assessment

(BFM)460

for the upper limbs or the pres-

ence of hemiplegic shoulder pain (HSP).459 Tekeoglu et
al. insufficiently specified the inclusion

criteria.461

to a weighted percentage improvement, it implies an
average reduction of 11 percent for stiffness in passive
movements, corresponding to about 0.5 points on
the (Modified) Ashworth Scale.

Statistically significant effects were demonstrated in 3

With respect to outcome of ADL, the studies appeared

randomized trials for: (1) spasticity (stiffness in pas-

not to be homogeneous. The random model showed

sive movements), measured with the Ashworth

a non-significant effect.460,461 No sensitivity analysis

scale461;

was done to determine which factors caused the het-

(2) synergy formation in the arm, measured

with the Brunnstrom Fugl-Meyer score460; (3) passive

erogeneity between the studies.

range of motion (PROM) of the paretic shoulder, measured with a goniometer, (4) ADL independence, measured with the Barthel

Inex461

F.12.3

and (5) pain, measured

Conclusions (Transcutaneous electro-stimulation
of the paretic arm)

with a visual analogue scale (VAS). Sonde et al. found

Research has demonstrated that TENS reduces the stiff-

no differential effects on pain perception or other

ness in passive movements of the spastic paretic arm

outcome measures between the experimental and

if the electrodes are placed at the level of the paretic

control groups at the end of the

study.460

antagonistic muscles such as the musculus triceps

In the study by Leandri et al., an increased PROM in

brachii (for treatment of flexion spasm) or the exten-

the exorotational direction of the paretic shoulder

sors of the forearm (in the case of flexion spasm of

was used as an indirect measure of pain reduction in

the wrist and fingers). The added value of TENS in

the paretic

shoulder.459

In this RCT the PROM in the

terms of pain perception and functionality remains

direction of external rotation improved by about 12

unclear. It has to be noted that the 3 RCTs that found

degrees in favour of the high-intensity TENS group and

an indistinct effect of TENS on arm and hand func-

almost 3 degrees in favour of the low-intensity TENS

tions were of poor to reasonable methodological

group, compared to the placebo

group.459

This meant

quality. Furthermore, they are difficult to compare

that high-intensity TENS had a statistically significant

because of differences in: (1) stimulus frequency,

effect in terms of pain reduction, in contrast to low-

varying from 1.7 to 100 Hz; (2) electrode placement

intensity TENS.459

and (3) treatment intensity (whether or not intending
to induce muscle contractions).

F.12.2

Evaluation (Transcutaneous electro-stimulation
of the paretic arm)

The methodological quality of the included studies

F.12.4

Implications for treatment (Transcutaneous
electro-stimulation of the paretic arm)

varied from 3 to 5 points on the PEDro scale (which

The value of low-intensity TENS compared to conven-

ranges from 1 to 10 points) (see table 61).27 The qual-

tional TENS is unclear. TENS can be used to inhibit

ity of the studies can therefore be classified as ranging

inconvenient spasticity. The working group recom-

from poor to reasonably good. The working group

mends placing electrodes on the spastic muscles to

criticized the 3 RCTs for the incorrect randomization

stimulate the relevant nerve.

procedure459-461 and the lack of an intention-to-treat
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Table 61. Stiffness in passive movements of elbow flexors.
Study

Sonde et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

3 months

26 / 18

0.8 / 1.2

0.1 - 0 = 0.1

0.10

-0.50 - 0.70

8 weeks

30 / 30

1.35 / 1.47

1.96 - 0.97 = 0.99

0.69

0.17 - 1.21

0.44

0.04 - 0.83

Outcome

Duration of

measure

intervention

MAS

AS

1998
Tekeoglu et al.
1998
SES

(fixed)

56 / 48

Based on the above, the working group has

The reduction of GHS is though to reduce hemiplegic

formulated the following recommendation:

shoulder pain or the risk of such pain, which benefits
the functionality of the paretic arm.

(56) TENS (level 1)

In ICF terms, the objectives of this intervention can be

It has been demonstrated that administration of TENS

classified in the domains b710 to b729, ‘functions of

on the paretic arm reduces spasticity in patients with

the joints and bones’.8

stroke in the post-acute and chronic phases. It is

Studies on NMS which use intramuscular needle elec-

unclear whether this effect of TENS results in improved

trodes are not discussed in this section, since these

dexterity.

applications are beyond the scope of physical therapy
options. This section only discusses the evidence for

F.12.5

Optional measuring instruments

NMS

(Transcutaneous electro-stimulation of the paretic

shoulder joints.

with superficial electrodes at the level of the

arm)

The working group recommends several measuring
instruments to evaluate the TENS intervention on the
paretic arm (see table 62).

F.13.1

Scientific evidence (Neuromuscular
stimulation to treat glenohumeral subluxation)

Two systematic reviews,465,466 1 critical review,467 5
RCTs457,463,468-470

F.13

Neuromuscular stimulation to
treat glenohumeral subluxation

and 2 CCTs464,471 have been per-

formed on the effects of NMS treatment of the hemiplegic shoulder in patients with stroke. The most

The primary goal of NMS at the level of the paretic

important characteristics of the studies (including

shoulder muscles is to reduce diastasis in the case of

their metho-dological quality) are presented in the

glenohumeral subluxation in a caudal direction.

overview table. Although the 2 RCTs by Wang et al.

Some authors refer to NMS is as Functional Electro

describe the same intervention in the same study

Stimulation (FES),463,464 but we prefer the term NMS.

population, the outcome measures differ between the

Diastasis can be defined as the distance between the

two studies.463,470 Below, we only discuss one of these

cranial part of the humeral head and the caudal part

studies (Wang et al., 2000) in more detail.

of the

acromion.234

The operating mechanism of NMS

Two of the 4 studies from the systematic review by

as a treatment of glenohumeral subluxation (GHS) is

Price and Pandyan456 concerned research on the

still unclear. Effects ascribed to NMS in the literature

effectiveness of TENS.459,460 TENS is especially used to

are: strengthening of muscles, inhibition of spasticity

influence pain, and is provided at an intensity below

of depressors of the shoulder joint, correction of con-

the motor threshold value. This section does not dis-

tractures, increased ROM and facilitation of voluntary

cuss the studies on the effect of TENS therapy, as these

muscle control of shoulder elevators such as the mus-

are discussed in section F.12.

culus deltoideus and the musculus supraspinatus.465

The experimental groups in the 4 RCTs received NMS
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Table 62. Measuring instruments to evaluate

TENS

intervention in the paretic arm.

Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Pain:

• Frenchay Arm Test

• Numeric Pain Rating Scale

ADL

independence:

Synergy formation:

• Barthel Index

• Brunnstrom Fugl-Meyer Assessment
(upper extremity)
Range of motion:
• Neutral-0 method (goniometer)
Somatosensory functions:
• (Modified) Nottingham Sensory Assessment
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test
Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Acivities Index

treatment of the neuromuscular shoulder region of

treatment pasted for periods 4468 to 18463 weeks. A

the paretic arm as an add-on to standard thera-

total of 161 patients with stroke were included in the

py.457,463,468,469

4 RCTs on NMS of the paretic shoulder.457,463,468,469 The

The control groups in these 4 ran-

domized trials received only conventional physical

study populations of the 4 RCTs ranged from 8463 to

shoulder.457,463,468-470

63468 patients. The patients had an average age of 62

therapy for he

The therapy in

these groups consisted of: (1) support for the paretic

years. At the start of the studies, the time that had

arm by resting the arm on the arm rest of the chair or

elapsed since the onset of stroke was between 2469

wheelchair while sitting or by wearing a sling while

and 430 days.463 In the study by Wang et al.,463 two

standing468

intervention groups were formed after subgroup anal-

or (2) unspecified physical therapy treat-

ments for the shoulder.457,463,469

ysis. This was a randomized trial including patients in

In the 4 RCTs, the musculus supraspinatus and the

the sub-acute or chronic phase after stroke.

musculus deltoideus posterior were stimulated with

The studies included patients in the acute,469 sub-

NMS using

superficial

electrodes.457,463,468,469

The

acute,457,463 post-acute468 and chronic phases.563

studies used different adjustable NMS parameters, such

Inclusion criteria for the 4 RCTs were flaccidity of the

as pulse duration (0.2-0.3 sec), pulse frequency (12-50

shoulder muscles457,469 or the presence of evident

Hz) and stimulation cycle with an on/off phase (vary-

subluxation (5 mm468 to 9.5 mm) of the paretic

ing from 1:3 to 12:1).

shoulder.463

The exercises were performed 5463,468 to 7457,469 times

The 4 RCTs reported favourable effects in terms of

a week, varying from 4 times a day for 30-60 min-

reduced subluxation of the paretic shoud-

utes469 to once a day for 6-7 hours.457,463,468 The

er,457,463,468,469 reduction of pain,468 increased muscle
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tone in the flaccid shoulder muscles457 and increased

er, statistical pooling was possible for the passive

passive range of motion (PROM) of the shoulder in the

range of motion of the paretic shoulder in the direc-

direction of external

rotation.457,469

In the 4 random-

ized studies457,463,468,469 the decrease in the diastasis

tion of external rotation (see table 63). Pooling of the
studies yielded a statistically significant effect size

between the humeral head and the acromion was sta-

with regard to PROM (SES: 0.55; 95% CI:

tistically significantly larger in the intervention group

0.05-1.04).457,469 Conversion of the SES yields an

than in the control group. Wang et al. concluded that

increase in passive range of motion of the paretic

it was especially patients in the sub-acute phase who

shoulder of 13 degrees in the direction of external

benefited from the

NMS treatment.463

The degree of

subluxation was assessed by X-ray in these studies.
CCTs.464,471

Reduced diastasis was also found in the 2

rotation. However, the patients samples were not
homogeneous for subluxation as an outcome measure.457,463,468,469 The random model showed a statis-

The studies by Wang et al.463 and Linn et al.469 found

tically significant effect. No sensitivity analysis was

no statistically significant differences between the

applied.

control and experimental groups with regard to the
degree of diastasis 6 weeks after the end of the inter-

F.13.3

vention.

Conclusions (Neuromuscular stimulation to
treat glenohumeral subluxation)

With regard to the passive range of motion (PROM) of

It can be concluded that NMS has a favourable effect

the paretic shoulder, the study by Faghri et al. found

in terms of reducing glenohumeral subluxation in the

that the difference in PROM in the direction of exter-

caudal direction. The currently available evidence

nal rotation between the paretic and non-paretic arm

suggests, however, that the effects are temporary.

was larger in the control group than in the interven-

Closer examination of the RCT findings suggests that

tion group.457 According to Faghri et al., this reduced

neuromuscular stimulation of the hemiplegic shoul-

mobility could be due to the fact that passive move-

der can be effective especially in the acute, sub-acute

ments of the shoulder were more painful in the con-

and post-acute phases in patients with a diastasis of

trol

group.457

The study by Linn et

al.469

found no

statistically significant difference between the inter-

more than 5 mm. In the chronic phase, the added
value of NMS is still unclear. Furthermore, it has been

vention and control groups as regards dexterity, mea-

demonstrated that applying NMS on the paretic shoul-

sured with the Motor Assessment Scale469 or as

der of patients with glenohumeral subluxation effec-

regards reduction of pain in the paretic shoulder.469

tively improves the passive mobility of the gle-

This contrasts with the pain reduction reported in the

nohumeral joint in the direction of external rotation

study by Baker et

al.468

(13 degrees). These positive effects of NMS for the
treatment of GHS did not, however, result in a

F.13.2

Evaluation (Neuromuscular stimulation to treat

decrease in hemiplegic shoulder pain, nor in

glenohumeral subluxation)

improved functionality of the paretic arm.

The methodological quality of the included studies
varied from 4457,463,468 to 7469 points on the PEDro
scale (which ranges from 0 to 10

points),27

so the

F.13.4

Implications for treatment (Neuromuscular
stimulation to treat glenohumeral subluxation)

studies can be classified as ranging from reasonably

The working group recommends daily intensive treat-

good to good (see table 63).

ment with NMS for at least 6 weeks to enlarge the
range of motion of the paretic shoulder in the direc-

The fact that the 4 RCTs lacked a correct randomiza-

tion of external rotation and to reduce glenohumeral

tion procedure and that the researcher was not blind-

subluxation. The most favourable results are found

ed in 2 of the 4 controlled studies, makes the value of

when the electrodes are placed on the musculus

the reported effects doubtful.457,463,468,469

supraspinatus and the musculus deltoideus. The

Since the relevant outcome measures were lacking, no

working group recommends using a pulse duration of

quantitative analysis could be done of the 4 RCTs in

0.2 to 0.3 sec and a pulse frequency of 12 to 50 Hz,

terms of the effects at activity level of NMS for the

resulting in a visual motor contraction that is not per-

hemiplegic shoulder. At the impairment level, howev-

ceived as painful by the patient.
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Table 63. Passive Range of Motion (shoulder exorotation).
Study

Faghri et al.

NE /NC

SDE /SDC

ΔE-ΔC

ES gu

95%-CI

6 weeks

13 / 13

27 / 24.5

-3 - (-24) = 21

0.79

0.47 - 1.10

4 weeks

20 / 20

20.5 / 20.6

-6.5 - 14.8 = 8.3

0.40

0.20 - 0.59

0.55

0.05 - 1.04

Outcome

Duration of

measure

intervention

SLROM

PHLR

1994
Linn et al.
1999
SES

(fixed)

33 / 33

Based on the above, the working group has

been associated with the presence of glenohumeral

formulated the following recommendation:

subluxation, development of adhesive capsulitis, neuritis of the nervus suprascapularis, bursitis subdel-

(57) Neuromuscular stimulation to treat glenohu-

toidea, tendovaginitis of the biceps tendon, neuropa-

meral subluxation (level 1)

thy of the plexus brachialis, arthritis, thalamic pain

It has been demonstrated that in patients with evi-

and development of spasticity.472

dent glenohumeral subluxation (GHS), neuromuscular

Pain in the hemiplegic shoulder can also be caused by

stimulation (NMS) of the paretic shoulder has a tem-

the Shoulder Hand Syndrome (SHS) or Sympathetic

porary favourable effect on the diastasis (humeral

Reflex Dystrophy (SRD).472 It is estimated that 5 to 25

subluxation in the caudal direction) and on the pas-

percent of the patients with stroke develop symptoms

sive range of motion of the glenohumeral joints in

of SRD or SHS, which involves not only pain but also

the direction of external rotation. These effects of NMS

autonomous functional impairments. In about half of

on GHS have only been found in patients in the acute

the patients with SRD of the arm/hand, the shoulder is

or sub-acute and post-acute phases. NMS at the level of

also involved.473

the shoulder does not result in a decrease in hemiple-

HSP

gic shoulder pain, nor in improved functionality of

onset of stroke, but seems to occur most frequently in

the paretic arm.

the first 3 months after the onset of stroke.474 So far,

can develop between 2 weeks and 1 year after the

there is no validated instrument to measure HSP.467
F.13.5

Optional measuring instruments

This section focuses on interventions involving pas-

(Neuromuscular stimulation to treat glenohumeral

sive or assisted active mobilization of the paretic arm,

subluxation)

with the purpose of reducing the HSP in the gle-

The working group recommends several measuring

nohumeral joints.

instruments to evaluate NMS as a treatment of GHS of

In ICF terms, the objectives of this intervention can be

the paretic shoulder (see table 64).

classified in the following domains: d445, ‘hand and
arm use’; b280 to b289, ‘pain’ and b710 to b729,

F.14

Exercise therapy in hemiplegic
shoulder pain

‘functions of the joints and bones’.8
Passive positioning of the paretic arm to reduce

As a result of differences in the definitions used and a

shoulder pain, as described in the study by Dean et

lack of prospective epidemiological (cohort) research,

al., is discussed in section F.2.230

the percentage of patients with stroke with hemiplegic shoulder pain (HSP) reported in the literature varies from less than 5 percent to over 84 percent.234 The

F.14.1

Scientific evidence (Exercise therapy in
hemiplegic shoulder pain)

pathogenesis of this high prevalence of HSP is unclear

One systematic review,472 2 RCTs475,476 and 2

and remains controversial.195 The onset of HSP has

CCTs474,477
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apy on HSP. The most important characteristics of the

range of motion in the shoulder, elbow, wrist and fin-

studies (including their methodological quality) are

gers; (2) abduction exercises for the arm, in which the

presented in the evidence table F.14 in Chapter I.2.

hand was guided by a skateboard and (3) elevation

The RCT by Inaba et al. compared the effectiveness of

exercises with a pulley apparatus. In another CCT,

passive and (assisted) active exercises to enlarge the

Poduri compared shoulder exercises focusing to

range of motion in the shoulder with the effective-

enlarge the range of motion with the use of intra-

In the random-

articular injections.474 Finally, a systematic review by

ized study by Partridge et al., the experimental treat-

Snels et al. systematically evaluated the effectiveness

ment consisted of 10 minutes of cryotherapy,

of exercise therapy, the added value of EMG

followed by exercise therapy emphasizing the perfor-

Biofeedback, intra-articular injections, NMS, surgery,

mance of large circular active movements with the

injections with phenol, auditory feedback, slings,

paretic shoulder.476 The control treatment consisted

braces and splints in patients with HSP.472 Of the con-

mainly of looking after the paretic arm (in terms of

clusions of this review, only those on exercise therapy

support/positioning) and moving within the pain tol-

are considered here.

erance level. In the 2 RCTs that evaluated the effect of

A total of 98 patients with stroke were included in the

exercise therapy, the intervention period lasted on

2 RCTs.475,476 At the start of the studies, they were in

ness of ultrasound therapy

average 4

weeks.475,476

alone.475

The exercises were all focused

the post-acute phase (4.7 months after the onset of

on enlarging the range of motion of the shoulder,

stroke)475 and chronic phase (8.2 months).476 The

3475

inclusion criterion in both RCTs,475,476 as well as in

and were administered

to

5476

times a week.

A CCT by Kumar et al. used prevention of shoulder
pain as the primary outcome

measure.477 Three

exer-

the CCT by Poduri,474 was the presence of HSP. Kumar
et al., however, included patients without shoulder

cise programmes for the paretic arm were compared:

pain in order to find out which form of treatment

(1) exercises focusing on the improvement of the

most effectively impedes the onset of HSP.477

Table 64. Measuring instruments to evaluate treatment by a multidicipinary stroke team.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Palpation:

• Motricity Index (upper extremity)

• Diastasis of the acromion-humeral head

Dexterity:

Range of motion:

• Frenchay Arm Test

• Neutral-0 method (goniometer)
Pain:
• Numeric Pain Rating Scale
Stiffness in passive movements:
• Modified Ashworth Scale (elbow)
Synergy formation:
• Brunnstrom Fugl-Meyer Assessment
(upper extremity)
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test
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The 2 RCTs which studied the influence of exercise

injury of the paretic shoulder. Based on the current

therapy on HSP found no statistically significant

knowledge, the working group recommends prevent-

effects with regard to the incidence of
CCT by

pain.475,476

The

ing traction on the glenohumeral joint.

Kumar et al.477 found a statistically significant

difference in pain incidence as a result of exercises.

Based on the above, the working group has

Elevation exercises with the pulley apparatus, on the

formulated the following recommendations:

other hand, worsened the pain complaints compared
to the effects of (assisted) active exercises of the

(58) Exercise therapy in hemiplegic shoulder pain

shoulder.477

(level 1)
It has been demonstrated that shoulder exercises in

F.14.2

Evaluation (Exercise therapy in hemiplegic

which the paretic arm is moved passively or in an

shoulder pain)

assisted active way have no added value for the treat-

The methodological quality of the included studies

ment of hemiplegic shoulder pain (HSP) compared to

was 5 points475,476 on the PEDro scale (which ranges

other forms of physical therapy.

from 0 to 10).27 The quality of these studies can
therefore be classified as reasonably good. The work-

(59) Pulley apparatus in hemiplegic shoulder pain

ing group criticized both RCTs for their lack of a cor-

(level 3)

rect randomization procedure and an intention-to-

There are indications that exercising with a pulley

treat

analysis.475,476

Furthermore, there was no

adequate follow-up in any of the controlled stud-

apparatus, in which the paretic arm is elevated above
90 degrees, increases the risk of shoulder complaints.

ies.475,476
Since the 2 RCTs did not use similar outcome mea-

F.14.5

sures, no statistical pooling was possible for the effect
of exercise therapy on HSP.475,476

Optional measuring instruments
(Exercise therapy in hemiplegic shoulder pain)

The working group recommends several measuring
instruments to evaluate the effect of exercise therapy

F.14.3

Conclusions (Exercise therapy in hemiplegic

on HSP (see table 65).

shoulder pain)

Two randomized studies of low methodological quality examined the added value of exercise therapy for
HSP.475,476

These two studies found no differential

F.15

Physical therapy applications in
hand oedema

Hand oedema in patients with stroke can be described

effects with regard to shoulder pain or functionality.

as ‘a swelling of the paretic hand that can extend

There are indications that traction on the gle-

through the whole paretic arm’.478 The mechanism

nohumeral joints should be avoided.

causing hand oedema in these patients is as yet
unclear. For the time being, the oedema is ascribed to

F.14.4

Implications for treatment (Exercise therapy

a combination of inactivity and immobility of the

in hemiplegic shoulder pain)

paretic arm. It might be caused by an impaired

Prevention of hemiplegic shoulder pain by avoiding

venous flow and paralysis of the sympathetic control

stress on the shoulder joints is currently considered

of the blood vessel wall muscles in the paretic arm.478

the most important intervention. Positioning during

The oedema often causes pain, and in the chronic

bed rest, slings or arm orthoses while standing and

phase it can lead to contractures.478

walking and a proper adjustment of the arm support

Common methods to influence hand oedema by

in a sitting position that is comfortable and relaxed

physical therapy are: (1) cryotherapy of the hand;479

for the patient might be considered, though with

(2) elevation of the hand in bed or in the chair or

some caution.

wheelchair;480 (3) external compression by means of

The working group advises against elevation exercises

wrapping (wrapping the fingers and hand briefly with

with a pulley apparatus for the paretic arm in the ear-

a string)481 or by intermittent pneumatic compres-

ly rehabilitation phase of patients with stroke, as this

sion (IPC);478 (4) massaging;480 (5) assisted active or

seems to increase, rather than decrease, the risk of

passive exercises, administered manually482 or
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mechanically,480 in which the wrist or finger joints

control group in this study received only standard

are mobilized by Continuous Passive Motion (CPM), or

physical therapy, focusing on correct positioning and

(6) preventive prescription of resting splints for the

passive mobilization exercises of the paretic arm.478

arm/hand to prevent unfavourable positions of the

Therapy forms frequently used in routine practice to

wrist and fingers while the patient is lying in

bed.482

reduce oedema, such as wrapping, cryotherapy or ele-

In ICF terms, the goals of this intervention can be clas-

vation of the hand have so far not been assessed in

sified in the domains b545, ‘water, mineral and elec-

randomized studies.478 Roper et al. did not specify the

trolyte balance functions’ and b710 to b729, ‘func-

duration and frequency of the standard physical ther-

tions of the joints and

bones’.8

This section discusses

apy treatment that the control and experimental

the effects of physical therapy treatment of hand

groups received in their study.478 This therapy was

oedema.

individually tailored to each patient.
In the pre-experimental studies, patients received dif-

F.15.1

Scientific evidence (Physical therapy

ferent treatments on two consecutive days, each last-

applications in hand oedema)

ing 30 minutes, with before and after measure-

One systematic

review473 and

1

RCT478 have

been per-

formed on physical therapy treatment of hand oedema. The systematic

review473 included

studies on the

ments.480,483 In the study by Giudice, CPM of the
paretic arm in combination with elevation of the
hand was compared with elevation of the oedema-

etiology and treatment of post-stroke hand oedema as

tous paretic hand alone.480 In the pre-experimental

well as of the shoulder-hand syndrome (SHS). In addi-

study by Faghri, the combination of elevation of the

tion, 2 pre-experimental studies have been published

hand and NMS was compared with elevation of the

which describe interventions focusing on physical

oedematous paretic hand alone.483

therapy treatment of hand oedema.480,483 The most

Roper et al. included 37 patients with stroke with an

important characteristics of the studies (including

oedematous paretic hand.478 The average age of these

their methodological quality) are presented in evi-

patients was 73.3 years and at the start of the study

dence table F.15 in Chapter I.2.

they were in the sub-acute phase (around 4 weeks

In addition to standard physical therapy, the experi-

after the onset of stroke).478

mental group in the RCT by Roper et al. also received

Roper et al. found no statistically significant effect of

intermittent pneumatic compression (IPC) 2 times 2

additional ICPon the degree of oedema.478 One meth-

hours a day for 1

month.478

To this end, an airbag

od to assess the severity of oedema objectively is the

was placed around the oedematous, paretic arm and

water displacement method, in which the water dis-

hand. The pressure in the bag was intermittently

placement is measured after immersing the paretic

increased to 50 mmHg by a compression pump. The

hand a cylinder. The water displacement method has

pressure build-up (30 sec) and pressure decrease (20

been validated as a measuring instrument to assess

sec) followed one another in a fixed sequence.478 The

hand volume in a group of patients with dystrophic

Table 65. Measuring instruments to evaluate the effect of exercise therapy on

HSP.

Core measuring instruments

Optional measuring instruments

Dexterity:

Pain:

• Frenchay Arm Test

• Numeric Pain Rating Scale
Range of motion:
• Neutral-0 method (goniometer)
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test
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complaints.484

tive use of a hand splint especially for patients with

Positive effects in terms of oedema reduction have

somatosensory impairments and reduced attention

been described in the two pre-experimental stud-

for the paretic arm.

ies.480,483 Giudice described a 7.9 ml reduction of
hand volume as a result of additional CPM treat-

Based on the above, the working group has

ment.480 Faghri observed a 2.6 percent (i.e., 13.4 ml)

formulated the following recommendations:

reduction of the hand volume in favour of additional
NMS

treatment.483 The effects, however, were small in

(60) Intermittent pneumatic compression in hand

both pre-experimental studies and therefore not clini-

oedema (level 2)

cally relevant.480,483 None of the randomized and

It is plausible that intensive intermittent pneumatic

pre-experimental studies examined effects on pain.

compression (ICP) of the paretic forearm in the acute
or sub-acute phase is unable to reduce the degree of

F.15.2

Evaluation (Physical therapy applications in

hand oedema.

hand oedema)

The methodological quality of the randomized

(61) Other physical therapy treatment methods

study478 was 7 points on the PEDro scale (which rang-

(level 3)

es from 0 to 10

points),27

so it can be classified as

good. The working group criticized this RCT for its
lack of an intention-to-treat

analysis.478

Since this

was the only RCT, no statistical pooling was possible.

There are indications that physical therapy methods
such as cryotherapy, elevation of the paretic arm,
neuromuscular stimulation, massage or wrapping of
the arm hand and fingers have no effect on the
degree of hand oedema.

F.15.3

Conclusions (Physical therapy applications in
hand oedema)

F.15.5

It can be concluded that there is no specific physical

Optional measuring instruments
(Physical therapy applications in hand oedema)

therapy treatment that effectively reduces hand oede-

The working group recommends several measuring

ma. The methodologically sound RCT by Roper et al.

instruments to evaluate the reduction of hand oede-

found no added value of intermittent pneumatic

ma (see table 66).

compression (PC) in terms of reducing hand oedema
in the paretic arm.478 Two pre-experimental studies
found reduction of hand oedema after CPM480 and
NMS.483

The observed effects, however, were small and

F.16

Mirror therapy of the arm and
hand

Mirror therapy421 is based on the theories of

clinically irrelevant. Remarkably, no randomized

Ramachandran,485 which assume that visual informa-

research has been performed on the methods most

tion on the movements of the unaffected limb, which

often used often in physical therapy, such as eleva-

the patient receives via a mirror, can work as a possi-

tion, wrapping, massage, manual pressure techniques

ble substitute for the reduced or absent propriocep-

and cryotherapy of the oedematous hand and arm.

tive input from the affected limb. Research in amputation patients has shown clear effects with regard to

F.15.4

Implications for treatment (Physical therapy

overcoming phantom pains.486

applications in hand oedema)

In the case of mirror therapy in patients with stroke,

Hand oedema should not be neglected in the treat-

the patient sits on a chair at a table with a mirror

ment of patients with stroke, even though evidence-

placed in the middle of it, in the sagittal plane. The

based research on the effectiveness of interventions

patient places his hands on both sides of the mirror,

to reduce hand oedema is lacking. The working group

with the non-paretic arm on the reflecting side. The

recommends concentrating on preventive measures

patient sees the reflection of the non-paretic arm and

in the treatment of hand oedema. Possible measures

experiences this as a visual presentation of the paretic

are proper positioning, elevation of the paretic arm

arm. The patient is instructed to move both hands

and prevention of undue compression or impacts.

towards a point or object on the table. While the

The working group recommends considering preven-

patients keeps looking in the mirror and moves the
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non-paretic arm by himself, the physical therapist

had elapsed since the onset of stroke was 10

moves the paretic arm synchronically behind the

months487 to 4.8 years.421 This means that only

mirror, without the patient being able to see it. To the

patients in the chronic phase were included in these

patient, both hands seem to reach the point or

studies.

object.421,487 The

Rothgangel & Morton487 included patients who were

visual information from the mirror

gives the patient the illusion that the paretic arm is
moving

too.487

able to lift their paretic arm from the table (score > 1
on the ARAT), while Altschuler et al.421 reported no

In ICF terms, the objectives of this intervention can be

other inclusion criteria than a diagnosis of CVA. Both

classified in the domains d445, ‘hand and arm use’

studies showed an added value of this therapy.421,487

and d440, ‘fine hand use’.8

In the RCT by Altschuler, the therapists instructed the

This section discusses the effects of mirror therapy on

patients to perform a number of standardized exercis-

the dexterity of the paretic arm.

es with the paretic arm.421 These exercises were evaluated at baseline and 2, 4, 6 and 8 weeks after the start

F.16.1

Scientific evidence (Mirror therapy of the arm

of the study, by filming standardized arm exercises

and hand)

immediately after the end of a treatment session.

Two RCTs have been performed on mirror therapy in
patients with

stroke.421,487

The most important char-

Based on these video images, 2 independent examiners assessed the dexterity of the paretic arm in terms

acteristics of the studies (including their methodolog-

of ROM, speed and accuracy, expressed in a score on a

ical quality) are presented in the evidence table F.16

self-designed quality scale (range -3 to +3). A score of

in Chapter I.2.

0 on this scale implied no changes in dexterity. Both

In both RCTs, the patients in the experimental group

assessors found that substantially more patients

underwent mirror therapy as described above.421,487

improved by mirror therapy than by placebo mirror

The control group received the same exercises, but

therapy. Mirror therapy had a positive effect on coor-

without using a mirror487 or using a placebo mirror

dination of the upper limb.

(transparent plastic

sheet).421

Altschuler et al. used a

cross-over design, in which the patients changed
interventions after 4

weeks.421

In the 2 randomized

studies, the patients trained 2 times a day for 15 minutes on 6 days a

week421

or 2 to 4 times a week for 30

In a randomized study with 16 patients, Rothgangel
& Morton demonstrated positive effects on dexterity
in the experimental group, measured with the Action
Research Arm Test (ARAT).487 This effect was found to
persist 5 weeks after the end of the intervention.

minutes.487 The training periods lasted 5487 to 8421

Furthermore, the intensively trained group (2 times a

weeks, respectively.

day for 30 minutes on 4 days a week for 5 weeks)

The 2 RCTs included a total of 25 patients. The study
populations consisted of

9421

and

16487 patients,

respectively. At the start of the studies, the time that

showed greater progress in dexterity than the less
intensively trained group (2 times a day for 30 minutes on 2 days a week for 5 weeks). No effect of mir-

Table 66. Measuring instruments to evaluate reduction of hand oedema.
Core measuring instruments

Optional measuring instruments

—

Volume of paretic hand:
• Water displacement method (in millimetres)
Pain:
• Numeric Pain Rating Scale
Somatosensory functions:
• (Modified) Nottingham Sensory Assessment
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ror therapy could be demonstrated on: (1) muscle

Upon being instructed to do so by the physical thera-

tone, measured with the Modified Ashworth Scale

pist, the patient moves his hands as described in the

and (2) satisfaction about the use of the paretic arm,

introduction to this section.

measured with the Patient Specific Functional Scale.
Based on the above, the working group has
F.16.2

Evaluation (Mirror therapy of the arm and

formulated the following recommendation:

hand)

The methodological quality of the included studies
varied from

4421 to

5487 points

on the PEDro scale

(which ranges from 0 to 10 points).27 Both studies
can therefore be classified as reasonably

good.421,487

(62) Mirror therapy of the arm and hand (level 2)
It is plausible that mirror therapy offers added value
in terms of arm and hand coordination to patients
who are able to actively lift their paretic arm.

Due to the use of different effect sizes, pooling of

These favourable effects, which are still demonstrable

effect sizes was not possible.

several weeks after the end of the intervention, have
so far only been found patients in the chronic phase.

F.16.3

Conclusions (Mirror therapy of the arm and
hand)

F.16.5

Two RCTs of reasonable quality produced indications

Optional measuring instruments
(Mirror therapy of the arm and hand)

that mirror therapy has a favourable effect on the

The working group recommends several measuring

dexterity of the paretic arm. Both studies,421,487 how-

instruments to evaluate mirror therapy of the arm

ever, were small in size and one RCT421 used only sub-

and hand (see table 67).

jective outcome measures. Furthermore, one RCT
may be determined by an increase in training intensi-

Slings, arm orthoses and
strapping techniques

ty rather than by the treatment as such.421 Both stud-

A sling or arm orthosis is a mechanical support for

ies took place in the chronic phase, which suggests

the paretic forearm, which divides the weight of the

that in the course of rehabilitation, even after sponta-

arm over both shoulders. The purpose is to prevent

neous recovery has stagnated, further improvements

excessive stretching of the shoulder joint (including

in dexterity can be achieved by mirror therapy. The

the rotator cuff and capsula) in a caudal direction.467

effects in terms of recovery of dexterity were still sta-

A sling is often prescribed to correct or end painful

tistically significant 5 weeks after the mirror therapy

subluxation of the hemiplegic shoulder by: (1) cor-

ended.

recting the external rotation position of the scapula;

found indications that the effect of mirror therapy

F.17

(2) supporting the humeral head in the glenoid fossa
F.16.4

Implications for treatment (Mirror therapy of

and (3) relieving the musculus supraspinatus.467

the arm and hand)

Another form of mechanical support for glenohumer-

It is unclear which group of patients benefits most

al subluxation (GHS) involves applying a strapping

from mirror therapy. Based on the current knowledge,

technique to the paretic shoulder.488-490 Strapping

the working group recommends treating patients for

has the theoretical advantage of reducing GHS while

at least 4 weeks at a frequency of 4 30-minute treat-

preserving the range of motion of the shoulder joint,

ments a week. Mirror therapy should preferably be

such as arm sway during walking.488

provided in a room with little distraction, to allow

In ICF terms, the objectives of these applications can

patients to concentrate on the tasks. The mirror to be

be classified in the following domains: d445, ‘hand

used is 45 cm wide and 60 cm high and should be

and arm use; b280 to b289, ‘pain’ and b710 to b729,

placed upright on the table with the reflecting side

‘functions of the joints and bones’.8

on the patient’s non-paretic side. During the mirror

The relation between GHS and hemiplegic shoulder

therapy, the patient sits with his back against the

pain (HSP) is unclear, as it is assumed that HSP is

back of the chair. The table should be drawn up as

caused by more factors. See section F.14 for a more

close to the patient as possible, and the patient’s eyes

detailed description of the pathogenesis of HSP. The

must be level with the upper edge of the mirror.

cause of GHS is especially thought to lie in decreased
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activity of the musculus supraspinatus and musculus

The pre-experimental studies examined the use of

deltoideus (dorsal part).234 If HSP is accompanied by

several slings and arm orthoses, such as the Harris

GHS,

hemisling;492,493 the Bobath sling or roll;492,494-496

interventions to support the arm might be con-

sidered, such as slings, arm orthoses or strapping

the single strap hemisling;490,494,497 the Rolyan

techniques.

humeral cuff sling;494 the Cavalier support;494 the
Henderson shoulder ring;495 the Dennisson sling;493

F.17.1

Scientific evidence (Slings, arm orthoses and

the Dumbbell sling;493 the Hook-Hemi harness493,496

strapping techniques)

and the Zimmer Fashion arm sling.493

One critical

review,467 1 RCT488

and 2

CCTs489,491

have

A number of non-controlled studies also examined

been performed on the use of slings, arm orthoses

the lap tray of the chair or wheelchair and a so-called

and strapping of the paretic shoulder of patients with

arm trough on the armrest of the wheelchair.492,496

GHS.

Gait with and without a sling or arm orthosis was

In addition, 7 pre-experimental studies have

been

published.490,492-497

The most important charac-

compared in the pre-experimental study by Yavuzer &

teristics of the studies (including their methodologi-

Ergin.497 The effect on the paretic shoulder muscles of

cal quality) are presented in the overview table. No

strapping in combination with a sling was assessed in

study has been performed on the use of the Wilmer

the pre-experimental study by Morin et al.490

orthosis, even though this arm support is widely rec-

Hanger et al., who evaluated the effect of strapping,

ommended in the Netherlands. One descriptive study

included 98 patients with stroke who were in the sub-

without patients compared the advantages and disad-

acute phase (15 days after the onset of stroke) at the

vantages of slings and arm orthoses, including the

start of the RCT.488 The inclusion criterion of this RCT

Wilmer orthosis, based on specific

characteristics.498

was a lack of recovery of muscle strength in the

In a CCT by Hurd et al., the experimental group wore

shoulder abductors.488

a sling, while the control group was not provided

The controlled studies found no statistically signifi-

with one.491 The slings were used for 3 months or

cant effects with regard to the degree of subluxation,

longer.491

the incidence of shoulder pain or the range of motion

In the RCT by Hanger et

al.488

and the CCT

by Ancliffe,489 strapping was used for the paretic

of the shoulder.488,491 Nor was strapping of the paret-

shoulder in the experimental group, while the control

ic shoulder found to result in a decreased shoulder

group was not provided with strapping. In Hanger’s

pain frequency, improved ROM or the preservation of

study,488

the range of motion of the shoulder or functionality

the strapping tape was worn 24 hours a day

for 6 weeks, being renewed every 2 to 3 days.488

of arm and hand.488 Only a CCT by Ancliffe489 (n = 8)

Table 67. Measuring instruments to evaluate mirror therapy of the arm and hand.
Core measuring instruments

Optional measuring instruments

Muscle strength:

Stiffness in passive movements:

• Motricity Index (upper extremity)

• Modified Ashworth Scale (elbow)

Dexterity:

Range of motion:

• Frenchay Arm Test

• Neutral-0 method (goniometer)
Synergy formation:
• Brunnstrom Fugl-Meyer Assessment
(upper extremity)
Dexterity:
• Action Research Arm test and/or
• Nine Hole Peg Test
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found strapping to have a statistically significant pos-

F.17.2

itive effect on the number of pain-free days in the

Evaluation (Slings, arm orthoses and strapping
techniques)

experimental group. In the control group, pain in the

The methodological quality of the study by Hanger et

hemiplegic shoulder occurred after 5.5 days, while in

al.488 was 7 points on the PEDro scale (which ranges

the strapping group, pain occurred only after an aver-

from 0 to 10).27 The study can therefore be classified

age of 21 days.489

as good. Despite the quality of this study, the working

The results of the controlled studies run counter to

group is concerned about the large percentage of

those found in the uncontrolled, pre-experimental

drop-outs during the 6 weeks of the intervention

studies on the effects of slings, arm orthoses and

(15%) and during the 14-week follow-up period

strapping techniques.

(another 12%).488 No statistical pooling was done,

A number of pre-experimental studies have reported

since there were no other comparable RCTs.

favourable effects: (1) reduction of the vertical component of shoulder subluxation;490,492,494 (2) reduc-

F.17.3

tion of the horizontal component of the subluxation

Conclusions (Slings, arm orthoses and strapping
techniques)

of the shoulder;492 (3) delayed onset of shoulder

It has not been demonstrated that slings and/or strap-

pain;489 (4) increased muscle tone in the flaccid

ping techniques are effective in reducing or prevent-

shoulder muscles and (5) increased passive range of

ing glenohumeral subluxation in the vertical direc-

motion (PROM) of the shoulder in the direction of

tion (diastasis) or hemiplegic shoulder pain. The

external rotation.

absence of differential effects in the RCT is not in

In these pre-experimental studies, slings corrected the

agreement with the effects reported by the pre-experi-

GHS

in the vertical490,492,496 as well as horizontal

direction.492 Furthermore, slings and arm orthoses
seemed to protect the paretic arm against

impacts467

mental studies. Some uncontrolled studies have
found indications that a sling or arm orthosis might
be considered if glenohumeral subluxation is accom-

and might be used as a temporary support during the

panied by hemiplegic shoulder pain during activities

early stages of gait training in the case of painful sub-

in stance, while an arm support (arm trough or lap

luxation of the hemiplegic shoulder.496

board) on a chair or wheelchair might be useful for

Morin and Bravo concluded from their pre-experi-

activities while sitting. Only 1 study suggests that

mental study that a combination of strapping tech-

pain might be influenced by shoulder strap-

nique and a sling reduced

GHS.490

Strapping tech-

ping.374,489

niques, however, lose their effectiveness after 3 to 5
days as the elasticity of the tape decreases.488 Moodie
et al. found in a non-controlled study that the use of

F.17.4

Implications for treatment (Slings, arm
orthoses and strapping techniques)

an arm trough on the armrest of the chair or wheel-

Since high-quality randomized research is lacking, the

chair clearly reduced GHS.496

advantages of slings or arm orthoses are as yet

Unfavourable effects of slings and arm orthoses

unclear. Based on the pre-experimental research, the

include the immobilization of the adducted paretic

working group recommends considering a sling only

arm in internal

rotation492 and

the restricted use of

as a preventive measure in patients with stroke who

the paretic arm during ADL.496 Finally, unfavourable

report a painful shoulder in vertical postures. Since

effects of slings have been described for the use of

wearing a sling restricts the freedom of motion of the

axillary rolls.492 An axillary roll, a part of the Bobath

paretic arm, it should be worn as briefly as possible.

sling, increases the lateral displacement of the humer-

Strapping, on the other hand, can be used as a simple

al head, causing undesirable stretch of the shoulder

and temporary intervention to evaluate its effect on

capsula thus undesirably increasing traction on the

glenohumeral subluxation during physical therapy

glenohumeral joint.492

treatment. For sedentary patients with stroke, the
working group recommends adjusting the arm trough
or lap board on the chair or wheelchair in such a way
that the elbow is well supported. It is essential that
the diastasis between acromion and humeral head is
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Table 68. Measuring instruments to evaluate the use of slings and/or strapping techniques of the paretic shoulder.
Core measuring instruments

Optional measuring instruments

—

Range of motion:
• Neutral-0 method (goniometer)
Diastasis:
• Palpating the space between acromion and
humeral head
Pain:
• Numeric Pain Rating Scale

remedied. Palpation of the diastasis between acromion and humeral head gives a good impression of the

F.17.5

Optional measuring instruments
(Slings, arm orthoses and strapping techniques)

size of the problem and hence of the right type of

The working group recommends several measuring

support.

instruments to evaluate the use of slings or strapping
techniques of the paretic shoulder (see table 68).

Based on the above, the working group has
formulated the following recommendations:
(63) Sling or arm orthosis (level 3)
There are indications that in the case of glenohumeral subluxation (GHS) accompanied by hemiplegic
shoulder pain (HSP), the degree of diastasis can be
reduced with the help of a sling or arm orthosis while
standing and walking.
In the case of GHS and HSP while sitting, the working
group recommends supporting the paretic arm by
means of an arm trough or lap board on the chair or
wheelchair, adjusted to the proper height.
(64) Strapping (level 3)
There are indications that taping the paretic shoulder
by means of strapping techniques has a favourable
effect on the number of pain-free days immediately
after the onset of stroke.
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G – Mobilization phase: ADL skills

used the methodological quality checklist presented
in table 1 to assess 26 cohort studies which included

G.1

more than 50 patients.25 Six of these studies were

ADL skills: prognosis

This section discusses the determinants of the chanc-

classified as level A (in the classification presented in

es of recovering ADL skills. For further details on the

table 2).262,508-512

assessment of the methodological quality of the prog-

Despite the methodological shortcomings, an analysis

nostic studies see section B.7.

of 78 prognostic studies revealed a trend predicting
the functional recovery of ADL independence after a

G.1.1

Scientific evidence (ADL skills: prognosis)

CVA.24

By far the most predictive factor was the degree

A number of systematic reviews have examined deter-

of ADL independence immediately after the onset of

minants for the recovery of walking abilities and ADL

stroke (measured with the Barthel Index or

skills.24,25,258-260

Functional Independence Measure, FIM). The Barthel
Index in the first 2 weeks (measured on the 7th day

G.1.2

Prognostic determinants (ADL skills:

after the onset of stroke) was found to explain about

prognosis)

half of the ultimate variance.24,258,259 Counsell &

The importance of prognostic research for an effective

Dennis260 were, however, unable to confirm the con-

and efficient rehabilitation policy is illustrated by the

clusions on prognostic determinants from the previ-

fact that more than a hundred of such studies have

ous reviews.24,258,259 They claimed that initial ADL

been published since the

1950s.24,143,258,259,499-501

score, heart failure and level of consciousness are the

Each study tried to identify factors that can predict

most important determinants in the first year after

the functional recovery after a CVA. The current litera-

stroke and that age plays a role in the longer term.260

ture mentions more than 50 different determinants

Meijer et al. found only urinary incontinence to be a

which are thought to be associated with ADL recovery.

independent determinant with proven prognostic

These include demographic, radiological, neurologi-

value, as demonstrated in 3 of the 6 level-A stud-

cal and neuro-physiological factors. Individually or in

ies.25,262,508,510

combination, these determinants are able to predict

Important independent determinants of the recovery

an important part of the ultimately expected recovery

of ADL independence are (1) initial ADL independence,

of ADL skills by patients with stroke. The accuracy of

measured with instruments like the Barthel Index; (2)

the predictive models varies from

30262,502,503

to

8024,504-507 percent of the explained variance.

urinary incontinence; (3) level of consciousness during the first 48 hours after the onset of stroke; (4) age;

Prognostic research on the recovery of functionality

(5) status after a recurrent CVA; (6) severity of hemi-

in patients with stroke is complex and, like effect

plegia; (7) sitting balance at admission; (8) orienta-

studies, imposes specific methodological require-

tion in time and place; (9) availability of social sup-

ments on the study design to ascertain an internally

port or family support; (10) heart failure and (11)

valid relation between determinant and test criterion.

depression.24,25,260,513,514 No clear relation with

None of the studies appears to fully meet the 11 most

recovery has been found for impairments such as

important methodological requirements of observa-

hemianopia, visuospatial neglect and conjugated

tional research because they lack (1) reliable and valid

deviation. Nor have statistically significant relations

measuring instruments to measure dependent and

been found with lateralization of stroke, gender or

independent variables; (2) unequivocally selected

ethnic origin.24,259

measuring points over the entire period of observa-

Functional recovery after a CVA follows a more or less

tion; (3) a patient cohort which has been observed

fixed hierarchical sequence as regards the recovery of

from the onset of the illness; (4) data on the dropout

personal care. According to the Katz Index, eating

rate of patients with stroke during the observation

and drinking is the first skill to recover in 80 percent

period and (5) a correct statistical assessment of the

of the examined patients with stroke, followed by

observed relation (see table 1).24

transfer functions, toileting, dressing and undressing.

In a systematic

review,24 3

of the 78 examined studies

were found to be level A studies.255,262,508 Meijer et al.
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This sequence can also be seen in recovery measured

plan, and of the options for discharging patients. No

with the Barthel Index. Research on the hierarchical

determinants are known which can accurately predict

scale construction of the items in 102 patients with

possible individual changes (further improvements or

stroke found that faecal continence, care for one’s

deteriorations) in the chronic phase. This implies that

appearance and urinary continence recover first, fol-

patients in the chronic phase have to be evaluated

lowed by eating, transfers, toileting, mobility,

regularly with regard to their daily functioning.

undressing, dressing and bathing (or showering).
Walking safely up and down stairs appears to be the

Based on the above, the working group has

last skill to return in most cases. This hierarchy,

formulated the following recommendations:

which is based on a Guttman scaling procedure,
largely agrees with that by Tennant et al. (1996).519

(65) Prognosis of

Their Rasch analysis of the Barthel Index in 192

There are indications that the prognosis in terms of ADL

patients showed that faecal continence, care for one’s

skills is largely determined in the first week after the

appearance and urinary continence were the first

onset of stroke. The initial ADL score (for instance on

functions to return, followed by transfers, toileting,

the Barthel Index) is by far the most important clinical

dressing and undressing, mobility, walking up and

determinant predicting the recovery of ADL indepen-

down stairs and bathing (or showering). Knowledge

dence 6 months after the onset of stroke.

of this more or less fixed sequence of recovery offers

Important independent determinants for recovery of

the physical therapist better possibilities to anticipate

ADL

the expected recovery. This allows a more realistic

nary incontinence; (3) level of consciousness in the first

estimation of the feasibility of treatment goals in the

48 hours according to the GCS; (4) advanced age; (5) sta-

short term.

tus after a recurrent CVA; (6) severity of hemiplegia; (7)

ADL

(level 3)

independence are (1) initial Barthel Index; (2) uri-

sitting balance at admission; (8) orientation in time and
G.1.3

Conclusions (ADL skills: prognosis)

place; (9) availability of social support or family support;

Prognostic research on the recovery of functionality

(10) heart failure and (11) depression.

in patients with stroke is complex. Longitudinal

It is unclear to what extent impairments such as hemia-

research has shown that most of the recovery of func-

nopia, neglect and conjugated deviation are indepen-

tionality takes place in the first 3 months after stroke.

dent factors predicting the recovery of functionality. For

Many studies indicate that no statistically significant

the time being, lateralization of stroke and gender do

improvements are generally found 6 months after the

not seem to be statistically significantly related to the

onset of stroke. This is partly due to the responsive-

recovery of ADL independence.

ness of the measuring instrument used. A small number of studies have reported that after 6 months, 10

(66) Sequence of recovery of

to 15 percent of the patients still improve or deterio-

Barthel Index (level 3)

rate beyond the 95% confidence limits. In the first 6

There are indications that the recovery of ADL skills,

months, the accuracy of the prediction of ADL skills is

measured with the Barthel Index, follows a fixed

strongly determined by the moment when the predic-

sequence, in which care for one’s appearance and eat-

tion is made. This implies that establishing a progno-

ing are the first skills to recover, followed by transfers,

sis at a later time by repeating the measurement

toileting, mobility, dressing and undressing, walking

improves the accuracy of the prediction.519

up and down stairs and bathing.

G.1.4

G.1.5

Implications for treatment (ADL skills:
prognosis)

ADL

according to the

Optional measuring instruments
(ADL skills: prognosis)

Translating the above-mentioned determinants into a

The working group recommends several measuring

prognosis for an individual CVA patient is difficult and

instruments to support the assessment of the chances

has barely been examined in the literature. It is

of recovering ADL skills (see table 69).

assumed that knowledge of determinants allows a
better estimation of the feasibility of a treatment
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Table 69. Measuring instruments to support the assessment of the chance of recovering

ADL

abilities.

Core measuring instruments

Optional measuring instruments

Muscle strength:

Synergy formation:

• Motricity Index (upper and lower extremities)

• Brunnstrom Fugl-Meyer Assessment
(upper and lower extremities)

Balance:
• Trunk Control Test and/or

Balance:

• Berg Balance Scale

• Trunk Impairment Scale and/or
• Timed Balance Scale

ADL independence:

• Barthel Index

Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index

G.2

Related disciplines

the movements. It is a disorder of motor planning

The physical therapy domain strongly overlaps with

which may be acquired or developmental, but may

the domains of other disciplines, such as occupation-

not be caused by incoordination, sensory loss, or fail-

al therapy, as regards interventions to promote the

ure to comprehend simple commands (which can be

recovery of ADL skills. These include examining and

tested by asking the person tested to recognize the

treating patients with dyspraxia and rehabilitation of

correct movement from a series). It is a cognitive

arm and hand functions. These areas of overlap

functional impairment that is related to the degree of

between physical and occupational therapy cannot be

ADL independence.520

simply assigned to one of the disciplines, and their

reduced ability to perform learned and purposeful

treatment will be determined by the expertise of the

activities, while apraxia expresses the inability to per-

various care providers. Occupational therapists pos-

form these activities.520 Various forms and classifica-

sess specific expertise on the treatment of complex

tions of apraxia have been proposed.521 Of the many

impairments and restrictions. The working group

types of apraxia, two forms with a negative impact

therefore recommends transferring their treatment to

occur most frequently in patients with stroke: ide-

an occupational therapist if possible or to consult an

ational and ideomotor apraxia.521,522 In ideational

occupational therapist. Physical therapists are advised

apraxia, the patient is unable to plan actions (for

not to claim these areas of overlap but to cooperate

example, the patient may try to pour water into a

with or refer patients to occupational therapists,

glass without taking the cap off the bottle). The

depending on the expertise available in the team.

patient’s movements often do not fit the context (for

Nevertheless, interventions in these areas of overlap

example, the patient may stir a glass with a bottle

are included in these ‘KNGF Clinical Practice Guideline

opener). Ideomotor apraxia, on the other hand, is

for physical therapy in patients with stroke’, since

characterized by a largely intact planning of the

they are covered by the physical therapy domain.

action, but by problems carrying out the proper

Sections G.3 and G.4 discuss the evidence for the spe-

movements or actions.522 This form of apraxia often

cific interventions to influence ADL skills.

involves problems of orientation, coordination and

Dyspraxia is also defined as a

timing (for example, the patient’s actions may be

G.3

Strategy training in dyspraxia

abnormally slow). Although literature studies have

Dyspraxia or apraxia may be defined as a neurological

shown that about 30 percent of the patients with

disorder characterized by loss of the ability to execute

stroke with a left hemispheric CVA have apraxia prob-

or carry out learned purposeful movements, despite

lems,521,523 there has not been any thorough epide-

having the desire and the physical ability to perform

miological research into the prevalence of dyspraxia.
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patients with stroke with dyspraxia have more diffi-

writing down planned tasks and (3) verbal support

culties learning or re-learning skills and remembering

during the performance of activities. The control

complex sequence of

tasks.524

In a CCT, Poole exam-

group in this study received therapy with the primary

ined the ability to learn one-handed shoe tying in 10

goal of treating motor or sensorimotor impairments,

left hemispheric patients with stroke (5 with and 5

such as muscle tone, muscle strength and contrac-

without apraxia problems) and 5 healthy persons.

tures.520 In the RCT by Smania et al., the patients in

The patients with apraxia problems needed more

the experimental group were asked to mime 35 differ-

attempts to learn and successfully remember this task

ent exercises on (1) the use of objects; (2) symbolic

than those without apraxia

problems.524

This con-

gestures and (3) body postures. The control group in

firms that patients with dyspraxia have more difficul-

this study received only aphasia therapy.522 Each

learning.521

training session lasted 40 to 50 minutes and was

ties with declarative

Strategy training can be a way to help patients with

offered an average of 3 times a week over a period of

dyspraxia to cope with these problems, for example

8 to 12 weeks.520,522

by having them address a task in a different way, or

The studies by Donkervoort et al.520 and Smania et

by adjusting the environment in such a way that it is

al.522 included 113 and 13 patients, respectively, i.e.,

easier for the patient to perform the task. The train-

a total of 126 patients with stroke experiencing prob-

ing usually involves learning complex tasks, such as

lems in performing tasks. The RCT by Donkervoort et

making coffee, in a step-by-step manner. Patients

al. included only patients with a left hemispheric

learn to perform the task in the proper sequence and

CVA.520

to compensate where necessary.523

The patients were on average 59 years old. The stud-

In many cases, the strategy training for patients with

ies included only patients in the post-acute phase

stroke with dyspraxia will be coordinated by the

(112 days after stroke)522 and the chronic phase (13.4

occupational therapist, because of his or her specific

months after stroke).522 The diagnosis of dyspraxia

expertise in this area. The intervention benefits from

was established by a multidisciplinary team if: (1) a

cooperation between physical therapists and occupa-

patient had limited or no ability to perform purpose-

tional therapists, embedded in a multidisciplinary

ful activities and (2) this inability was not the result

treatment plan.

of a primary motor or sensory impairment, nor

In ICF terms, the objectives of this intervention can be

caused by a lack of understanding or motivation. In

classified in the domains d155, ‘acquiring skills’ and

these cases, a psychologist should perform the test for

d175, ‘solving problems’.8

apraxia.520
The 2 RCTs found statistically significant effects for

G.3.1

Scientific evidence (Strategy training in

the severity of apraxia,520,522 as measured with the

dyspraxia)

apraxia scale522 developed by De Renzi527 or a deriva-

One critical review,521 2 RCTs,520,522 1 CCT524 and 2
pre-experimental

studies525,526

have examined the

tive of this test.520 In the study by Smania et al., statistical analyses were only performed within the

effects of strategy training in patients with stroke

experimental group and the control group, and not

with dyspraxia. The most important characteristics of

between these two groups.522 From the tables pre-

the studies (including their methodological quality)

sented by Smania et al., it can be calculated that,

are presented in the overview table.

compared to the control group, the experimental

The experimental group in the RCT by Donkervoort et

group improved in terms of the degree of ideational

al.520

apraxia (0.8 points on a scale from 0 to 14) as well as

received strategy training as an integrated part

of the usual occupational therapy. The strategies were

ideomotor apraxia (3.1 points on a scale from 0 to

used to compensate the impairments during ADL per-

72).522 The observed differences were small and, as

formance. The patients learned to use the strategies to

expected, clinically irrelevant.

assist themselves in performing the tasks, either on

In the RCT by Donkervoort et al., statistically signifi-

their own or with the help of others (therapists or

cant effects were found for ADL independence, mea-

partners). The assistive devices were: (1) pictures or

sured with the Barthel Index and with an ADL obser-

photos showing the proper sequence of actions; (2)

vation list specially designed for apraxia.520 During

134

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

the 8-week intervention, the Barthel Index increased

For the time being, training focusing on the impair-

by 1.3 points relative to that in the control group,

ment itself does not seem to result in changes in

which corresponds to an improvement of 6.5 per-

skills.

cent.520 The differences between the groups were no
longer found at follow-up (20 weeks after the start of

G.3.4

the study). It should be noted, however, that the

Implication for treatment (Strategy training in
dyspraxia)

experimental group had not deteriorated but

The working group recommends that the treatment

remained the same.520 The strategy training thus

of patients with stroke with impairments relating to

seems to achieve more rapid ADL recovery.

ideomotor and ideational apraxia should consist of

No statistically significant effects were demonstrated

structured strategy training using assistive devices for

in the study by Donkervoort et al. as regards severity

several months, as an integrated part of the regular

of the paresis, measured with the Motricity Index, or

therapy. The strategy training will have to focus on

dexterity, measured with the Functional Motricity

skills that are useful to the patient. The working

Test, which can be regarded as a derivative of the

group recommends providing this training on a struc-

Action Research Arm

Test.520 This

finding is in agree-

ment with the fact that this training emphasizes

tural basis (preferably daily) in a multidisciplinary
context.

learning to compensate the problems in performing
certain tasks, rather than directly training the task

Based on the above, the working group has

itself.

formulated the following recommendation:

Two uncontrolled studies by Van Heugten et al.525
and Goldenberg and Hagman526 also reported posi-

(67) Strategy training in dyspraxia (level 2)

tive effects of strategy training in apraxia on ADL inde-

It is plausible that strategy training for dyspraxia has
a positive effect on ADL independence in patients

pendence.

with stroke in the post-acute and chronic phases. The
G.3.2

Evaluation (Strategy training in dyspraxia)

strategy training does not influence the degree of ide-

The methodological quality of the included studies

ational and ideomotor apraxia itself. It remains

varied from 4 to 6 points on the PEDro scale (which

unclear whether the effects of the training can be

ranges from 0 to 10 points),27 so the studies can be

generalized to activities not specifically trained for or

classified as reasonably

good522

to

good.520

The high

number of dropouts in the study by Donkervoort et
al.

(20%)520

as well as the study by Smania et al.

to other situations. Hence, the working group recommends focusing the training only on abilities that are
useful to the patient in the home situation.

(31%)522 makes the value of the reported effects
doubtful. Since comparable outcome measures were

G.3.5

lacking, a quantitative analysis at activity level was
impossible.

Optional measuring instruments
(Strategy training in dyspraxia)

The working group recommends several measuring
instruments to evaluate strategy training in dyspraxia

G.3.3

Conclusions (Strategy training in dyspraxia)

(see table 70).

Based on the results of one of the RCTs520 and the preexperimental studies,525,526 it is plausible that strate-

G.4

gy training, in which patients learn to compensate

Leisure activities are defined as ‘individual and social

for problems in performing certain tasks, has a

activities that can be practiced at home or in a com-

favourable effect on ADL independence, as measured

munity environment, such as gardening and paint-

with the Barthel Index. The therapy is not focused on

ing’.528,529 patients with stroke are often unable to

the dyspraxia itself. It remains unclear whether strate-

find meaningful ways of spending their leisure time,

gy training in which patients are taught to cope with

and indicate that they are frequently bored during

problems in performing certain tasks in the post-

the day.99 The lack of meaningful leisure activities

acute and chronic phases influences every form of

regularly leads to unnecessary tensions in the family.

apraxia, such as ideational and ideomotor apraxia.

This is why teaching them to engage in activities in
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Table 70. Measuring instruments to evaluate strategy training in dyspraxia.
Core measuring instruments

Optional measuring instruments

Dexterity:

Apraxia test:

• Frenchay Arm Test

• Van Heugten’s apraxia test

ADL

independence:

Dexterity:

• Barthel Index

• Action Research Arm Test and/or
• Nine Hole Peg Test
Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index

the home situation is considered to be an important

study by Jongbloed & Morgan,528 the leisure activities

part of the rehabilitation of patients with stroke. This

were discussed in the control group, but not actually

intervention is usually provided by an occupational

trained.

therapist, although physical therapists are sometimes

The training period varied from 5 weeks528 to 6

also requested to provide support during leisure activ-

months.99,529 The training sessions lasted 30529 to

ities.

6099,528 minutes, with an average frequency of once

In ICF terms, the objectives of this intervention can be

every 14 days.

classified in domain d920, ‘recreation and leisure’.8

In total, 898 patients with stroke were included in the
4 RCTs.99,528-530 The patients were on average 71 years

G.4.1

Scientific evidence (Leisure activities in the

old. The size of the study population varied from

home situation)

40528 to 46699 patients. The interventions started 20

Four RCTs, largely based on occupational therapy

days530 to about a year528 after the onset530 of stroke,

interventions, have examined the effects of teaching

so the studies included patients in the sub-

leisure activities.99,528-530 The most important charac-

acute,529,530 post-acute99 and chronic phases.528 The

teristics of the studies (including their methodologi-

inclusion criterion in the 4 RCTs529 was that patients

cal quality) are presented in the overview table. The

were able to return home after discharge from the

experimental groups in the 4 RCTs received therapy in

hospital.

the home situation that focused on learning and

The results of the 4 RCTs were not unequivocal. The

resuming leisure

activities.99,528-530

In the study by

study by Gladman et al. reported differential effects

Gladman et al., the experimental group received

on leisure activities, measured with a sub-scale of the

physical and occupational therapy in the home situa-

Nottingham Extended ADL index (NEADL).530

tion,530 while the control group received outpatient

Furthermore, younger patients with stroke were

therapy.530

found to achieve better results with rehabilitation at

In the study by Drummond and Walker, 3

groups were formed.529 One group received therapy

home than elderly patients, whereas the elderly bene-

at home, focusing on leisure activities, while a second

fited more from day-care therapy at the hospital.530

group received conventional occupational therapy at

Drummond & Walker found favourable effects in the

home, focusing on ADL (transfers, washing, dressing,

leisure activities group in terms of the frequency of

etc.) and a third (control) group received no occupa-

engaging in leisure activities, measured with the

tional or physical therapy after discharge from the

Nottingham Leisure Questionnaire.529 The patients in

hospital.529 In the other 2 studies, by Jongbloed &

the leisure group, however, were at least 10 years

Morgan528

and Parker et

al.,99

the control groups

received no therapy in the home environment. In the
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No statistically significant increase in the frequency

in patients’ own home situation and participating in

of leisure activities was found in the studies by

leisure activities has yielded contradictory results,

Jongbloed &

Morgan528

and Parker et

al,99

which

assessed leisure activities with the Katz Adjustment
Index

(KAI)528

and the Nottingham Leisure

with some authors reporting favourable effects and
others reporting no effects. In general there appears
to be no added value with regard to mood and ten-

Questionnaire (NLQ),99 respectively. Nor did the RCTs

sions experienced by stroke patient’s partner. It can-

find any effects as regards (1) satisfaction about lei-

not be ruled out that younger patients with stroke

sure activities528; (2) ADL independence, measured

benefit more from therapy in the home situation

with the Barthel

Index528

or the

NEADL99

and (3)

than older ones.

depression, measured with the Zung Depression
Scale528 or mood (of patient or partner), measured

G.4.4

with the General Health Questionnaire (GHQ).99

Implications for treatment (Leisure activities
in the home situation)

The working group recommends that therapy focused
G.4.2

Evaluation (Leisure activities in the home

on learning and resuming leisure activities in the

situation)

home situation should not be routinely offered, but

The methodological quality of the included studies

only be considered if the patient or their partner spe-

varied from 4 to 7 points on the PEDro scale (which

cifically asks for it.

ranges from 0 to 10 points).27 The studies were therefore of reasonably good528 to good99,529,530 quality.

Based on the above, the working group has

The absence of an intention-to-treat analysis in 3 of

formulated the following recommendation:

the 4

RCTs528-530

and the high number of dropouts

(20%) in the RCT by Parker et al. (n = 466)99 make the

(68) Leisure activities (level 1)

value of the reported effects uncertain for the time

It has been demonstrated that therapy in the home

being.

situation focusing on leisure activities, such as gar-

Although the outcome measures with regard to ADL

dening and painting, offers no added value in terms

independence,99,529,530 frequency of leisure activi-

of ADL independence, participation in leisure activi-

ties99,528,529

ties or the patient’s mood. No added value has been

and patient

mood99,530

were comparable

in these RCTs,99,528-530 the studies could not be pooled

demonstrated either with regard to the mood and

because of differences in outcome measures and inter-

tensions experienced by stroke patient’s partner.

ventions.
G.4.5
G.4.3

Conclusions (Leisure activities in the home
situation)

Optional measuring instruments
(Leisure activities in the home situation)

The working group recommends several measuring

Controlled studies aimed to investigate the effect of

instruments to evaluate the learning and resuming of

learning to cope with leisure time (leisure activities)

leisure activities (see table 71).

Table 71. Measuring instruments to evaluate the learning and resuming of leisure activities.
Core measuring instruments
ADL

independence:

• Barthel Index

Optional measuring instruments
Extended ADL abilities:
• Nottingham Extended ADL Index and/or
• Frenchay Activities Index
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H – Mobilization phase: Cognitive
rehabilitation

Suitable treatment of patients with stroke requires
physical therapists to understand the problems faced
by these patients. Treatment of patients with cogni-

H.1

Cognitive rehabilitation

tive impairments will be implemented in consultati-

Most patients with stroke suffer not only from senso-

on with the neuropsychologist. If the team does not

ry and motor impairments, but also from cognitive,

include one, a local neuropsychologist or equivalent

emotional and behavioural

impairments.531

The res-

expert will need to be contacted. Testing and inter-

trictions caused by these impairments often result in

preting tests must be left to an expert in this area

serious problems for patients and their environ-

(neuropsychologist or occupational therapist).

ment.532 These problems can manifest themselves as
(1) motivational problems with regard to participati-

H.1.1

on in rehabilitation treatment; (2) independence in

The Cochrane Collaboration has published 3 syste-

performing daily activities; (3) the relationship with

matic reviews on cognitive rehabilitation, each descri-

the patient’s partner; (4) social functioning and leisu-

bing a particular domain of cognitive rehabilitation,

re activities; (5) reintegration in the work environ-

namely memory,534 attention535 and spatial

ment.2 Interventions to address these impairments

neglect.536 Recently, 2 further systematic reviews on

and restrictions are referred to as cognitive rehabilita-

neglect were published by Cicerone et al.537 and

tion, and are characterized by their multidisciplinary

Pierce et al.538 These 2 reviews included studies with

nature. Since physical therapists are part of the cogni-

patients with stroke as well as studies with patients

tive treatment team, they will be confronted with the

with traumatic brain injury.537,538

problems of rehabilitating patients with cognitive

Based on these 5 systematic reviews534-538 on cogni-

impairments.

tive rehabilitation, 12 RCTs539-550 and 14 CCTs551-564

There is as yet no unequivocal definition of cognitive

have been performed. It is difficult to generalize data

rehabilitation. One definition that is frequently used

from these cognitive studies and relate them directly

is ‘any intervention strategy or technique which

to patients with stroke, because many studies also

intends to enable clients or patients, and their fami-

included non-patients with stroke.

lies, to live with, manage, by-pass, reduce or come to

The effects of cognitive rehabilitation on the attenti-

terms with cognitive deficits precipitated by injury to

on, memory and neglect domains are discussed in

the

brain’.533

Scientific evidence (Cognitive rehabilitation)

sections H.2, H.3 and H.4.

The term cognitive rehabilitation is used to describe
several multidisciplinary treatment methods to influ-

H.2

ence the impairments and restrictions that are related

About 40 percent of the patients with stroke have

to cognition, ADL and psychosocial abilities and that

some impairments and restrictions in attentional

are caused by organic brain injury. The term therefore

functions.532

applies to any intervention that aims to teach

Attention is the cognitive process of selectively con-

patients and their family to cope with the cognitive

centrating on one aspect of the environment while

impairments, as well as interventions that teach

ignoring other aspects. Attention can be subdivided

patients to cope and reduce impairments caused by

in various ways, for instance: (1) activation or arousal

non-congenital brain

injury.533

Attention deficits

level; (2) focused attention; (3) divided attention and

The various domains of cognitive rehabilitation focus

(4) persistent attention.565 The speed with which

on: (1) attention, speed of information processing; (2)

information is processed plays an important role in

memory and/or learning ability; (3) functions of visu-

attentional functions. About 70 percent of patients

al perception and construction; (4) communication

find it difficult to perform well under time pressu-

and/or speech; (5) mental resilience; (6) praxis; (7)

re.532 A delay in processing information has a nega-

executive functions and (8) ability to solve problems.

tive influence on attentional functions, memory and

However, they also have to focus on emotional, moti-

the organization and planning of behaviour. Slow

vational and other non-cognitive factors such as per-

information processing manifests itself for example in

sonality or social environment.

patients taking a lot of time before responding to a
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question or instruction. Attention deficits in patients

Based on the above, the working group has

with stroke can be improved to some extent by

formulated the following recommendation:

means of cognitive rehabilitation.
In ICF terms, these interventions can be classified in
domain b140, ‘attention

functions’.8

(69) Attention training (level 1)
It has been demonstrated that attention training has
a favourable effect on reaction speed and pattern

H.2.1

Scientific evidence (Attention deficits)

recognition in patients with stroke in the post-acute

One systematic review,535 1 RCT548 and 1 CCT,557 with

phase.

a total of 56 patients with stroke, have demonstrated

These effects, however, do not seem to result in

that attention training makes patients in the experi-

improved ADL skills.

mental groups significantly more alert, as measured
with the Zahlen-Verbindungs Test.535 The most

H.3

important characteristics of the studies (including

Memory deficits form a barrier to rehabilitation as

their methodological quality) are presented in the

regards learning or relearning skills. Memory is the

overview table. The experimental groups in the

RCT548

Memory deficits

ability to commit information to memory (imprin-

and the CCT557 engaged in reaction training on a

ting), retain it (remembering) and use it later, which

computer for 1 hour a day over a period of 3 weeks,

means reproducing (recall) as well as recognizing

while the control groups did not receive this additio-

(recognition).566

nal training. Both studies included patients who were

In ICF terms, these interventions can be classified in

in the post-acute phase at the start of the study.

domain b144, ‘memory functions’.8

Neither of these studies, however, found that this
positive effect in terms of response time and pattern

H.3.1

Scientific evidence (Memory deficits)

recognition resulted in improved ADL independence,

One systematic review534 and 1 RCT547 have examined

as measured with the Barthel Index.548,557 This sug-

the effects of memory training in patients with

gests that such specific reaction and scanning tasks

stroke. The most important characteristics of the stu-

have specific effects and thus cannot be generalized

dies (including their methodological quality) are pre-

to other activities of daily living.

sented in the overview table. Two other randomized
studies also included patients with other disorders

H.2.2

Implications for treatment (Attention

(such as traumatic brain injury).567,568 Many studies

deficits)

have examined memory training in patients with

The working group recommends taking account of a

traumatic brain injury. The systematic review by

reduced persistent attention in designing a patient’s

Majid et al. included only studies in which more than

daily programme, performing the therapies or con-

75 percent of the patients had suffered a CVA.534 The

ducting a conversation with the patient. The usual

experimental group in the randomized study by

therapy time of 30 minutes may be too long for these

Doornheim and De Haan was trained by learning 6

patients. Shorter treatments, for instance 15 minutes

memory strategies (for instance for remembering

two times a day, are therefore preferred. The cognitive

names and routes), whereas the patients in the con-

rehabilitation programme needs to be regularly inter-

trol group repeatedly practiced enumerative memory

rupted by pauses, to avoid patients becoming exhaus-

tasks.547 This RCT found no statistically significant

ted (and hence unable to absorb the information).

effect in terms of memory improvement among

Finally, the patients’ reduced attention span when

patients in the post-acute phase after 4 weeks of

having a conversation with several persons at the

memory training.547

same time, when receiving physical therapy in a

Some single-case studies have yielded indications that

room with several patients, and in the presence of

memory training might be effective.569-571 In view of

distracting environmental factors such as music, must

the contradictory findings from the RCT and the sin-

be taken into account.

gle-case studies, it cannot be concluded that memory
training in patients with stroke offers any added
value in reducing memory deficits.
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For the time being, strategy training seems the most

to 70 percent of right-hemispheric patients with

effective option to compensate for memory deficits in

stroke.575

patients with stroke.

Neglect is a broad concept, which indicates that a
patient neglects one half of their body or field of visi-

H.3.2

Implications for treatment (Memory deficits)

on. The literature distinguishes between visual, tactile

The working group recommends compiling a diary or

and visuospatial impairments, impairments in motor

memory book for patients who have difficulties

integration (motor neglect)576,577 and impairments in

remembering things. Collaborating with a neuropsy-

auditory perception.578-580 This means that neglect

chologist is necessary, since other cognitive impair-

can affect different modalities.576,577,581

ments can also hamper the adequate use of a diary. A

Neglect is not a single entity. Depending on the abo-

permanent coordinator within the team has to be res-

ve-mentioned impairments and on the modality con-

ponsible for compiling, keeping up and training the

cerned, different names are used, such as hemine-

use of such a memory book or diary. Training should

glect, hemi-inattention, visuospatial neglect,

also focus on teaching patients to solve memory defi-

hemi-somatoagnosia, hemiakinesia, allesthesia (in

cits independently with the help of the memory book

which contralateral stimuli are perceived ipsilaterally)

or diary, and should be provided in a systematic and

and motor impersistence (inability to keep up an acti-

coordinated manner by the whole team. The working

vity or posture for a certain time).577 Extinction can

group recommends that strategy and memory trai-

be regarded as a perceptual neglect when both fields

ning should always be implemented in consultation

of vision or both body halves are stimulated simulta-

with a neuropsychologist and an occupational thera-

neously.582

pist.

In ICF terms, the objectives of these interventions can
be classified in domain b156, ‘perceptual functions’,8

Based on the above, the working group has

although it probably results from an attention impair-

formulated the following recommendation:

ment and not from a perceptual defect.

(70) Memory training (level 1)

H.4.1

It has been demonstrated that memory training offers

Three systematic reviews,536-538 10 RCTs539-546,549,550

no added value for the restoration of memory functi-

and 13 CCTs551-556,558-564 have been performed on cog-

ons in patients with stroke in the post-acute phase.

nitive rehabilitation in patients with neglect. The most

Strategy training has proved effective in teaching

important characteristics of the studies (including their

patients to compensate for minor memory impair-

methodological quality) are presented in the overview

ments.

table.

Scientific evidence (Neglect)

The 23 controlled studies on neglect therapy included

H.4

Neglect

more than 500 patients with so-called spatial neglect.

Hemispatial neglect, also called unilateral neglect,

In most studies, intensive therapy was provided over a

spatial neglect or neglect syndrome is a neurological

prolonged period of time (5 1-hour sessions a week for

condition in which damage to one hemisphere of the

4 weeks). The interventions differed greatly between

brain leads to a deficient attention to the space or the

studies.

patient’s own body on the opposite side. Neglect is
the most commonly used term. Neglect is defined as

Positioning

‘the inability of the patient to respond to new or

A number of interventions made use of methods to

important stimuli, which are provided on the contra-

influence the patient’s environment, such as positio-

lateral side of the affected

hemisphere’.572

Although

ning the bed in such a way that the patient is approa-

this definition suggests that inattention impairments

ched on the neglected side.552 The primary outcome

only concern the contralateral side of the body, there

measure in this study was the Barthel Index. No

are also reported case histories involving perceptual

favourable effect of the positioning intervention

impairments of the ipsilateral, upper and lower fields

could be demonstrated.552

of vision.573,574 Left-sided neglect occurs in about 50
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Prisms

Tactile and auditory stimulation

Two RCTs found prisms (prism glasses) to be an effecti-

In one CCT, patients were stimulated with tactile and

ve assistive device for patients with a visual

auditory stimuli on the neglected side.559 The treat-

neglect.543,550 When patients with a left-sided visual

ment consisted of 1 treatment session. A positive

neglect are asked to point to the midpoint, they point

effect was demonstrated in terms of neglect reduc-

too far to the right. By having patients wear prism

tion, as measured by means of a drawing task.559

glasses (which cause an aberration to the right) for
some time and exercise grasping things or pointing at

Visual scanning

objects, they learn to compensate for their optical

Other interventions involved patients localizing or

aberration (which is also true for healthy persons).

scanning objects outside their field of vision while

After the patients put off the prism glasses, they see

they were engaged in certain activities (with or wit-

the midpoint further to the left, which is in better

hout directions being given).549,553,564 Positive effects

agreement with reality. In the study by Rosetti et al.,

were demonstrated with scanning tasks such as the

the effect remained for at least 2 hours after the prism

Line Bisection Test and the Letter Cancellation Test.

glasses were

removed.550

Positive effects on scanning

tasks (Line Bisection Test and Star Cancellation

Passive movement of the limb

Test)543,550 as

In 2 studies an attempt was made to treat the neglect

well as on ADL (Barthel

Index)543

have

been demonstrated.

by moving the patient’s limb on the neglected side to
focus their attention on this side.541,560

Eye patching
The intervention does not involve covering the entire

Trunk rotations

eye, but covering half of both fields of vision with

In one RCT, trunk rotations were stimulated to help

opaque sunglasses. The assumption underlying the

focus the patient’s visual attention on their neglected

use of such hemispatial right-sided sunglasses is that

side.546 Neglect tests as well as the Functional

the right hemisphere insufficiently inhibits the left

Independence Measure (FIM) showed favourable

hemisphere, causing over-activation of the left

effects in the group treated with trunk rotations.

hemisphere. Reducing the activation level of the left
hemisphere increases the activity on the right side. To

TENS

this end, the patients wear spectacles with the right

TENS

half of both glasses made opaque (grey), so that only

to stimulate the neck muscles on both sides.561,562 In

8 percent of the light gets through (as a result of

this intervention, the electrodes were placed on the

which less information will reach the left hemisphe-

neck muscles on the right and left sides. Both studies

re).

reported favourable effects on the left neck muscles in

In one CCT, patients wore an eye patch over the right

a group of right-hemispheric patients with

half of both eyes to block the right half of their field

stroke.561,562 The treatment resulted in a temporary

of vision,551 provoking visual scanning of the affected

improvement of scanning tasks. The added value of

side. A small favourable effect was demonstrated as

TENS

regards ADL independence, measured with the

in a review by Van Dijk et al.583

has been used as a sensory application technique

for somatosensory impairments was confirmed

Functional Independence Measure (FIM).551
Auditory feedback glasses

Video feedback

One RCT had patients in the experimental group use

When patients are shown a video image of themsel-

specially designed glasses that give auditory feedback

ves, they see the left side of their body on the right

whenever the patient neglects to scan the affected

side in the image. A study by Tham et al. compared

side visually.540 The Line Bisection Test and the Single

two groups, which were both asked to perform a hou-

Letter Cancellation Test showed small but statistically

sehold task.555 This was recorded on video in group A

significant effects.540

and the patients in this group watched the video
together with the therapist. As soon as neglect occurred, the videotape was stopped and the therapist
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commented on and explained the neglect. Group B

Based on the above, the working group has

were only given verbal comments during the actual

formulated the following recommendations:

performance of the task. When both groups performed the same task again, group A performed signifi-

(71) Treatment of neglect (level 1)

cantly better than group B. These improvements were

It has been demonstrated that the treatment of

not, however, generalized to other tasks.555

neglect in patients with a right-hemispheric CVA for

In a Cochrane review of 13 studies on the effectiven-

30 to 60 minutes a day over a period of several weeks

ess of treatment for neglect, different measuring

has a favourable effect in terms of increased attention

instruments were used that evaluated especially visual

to the neglected side, measured with the visual scan-

scanning tasks.536 These visual scanning tasks inclu-

ning test. These favourable effects on the scanning

ded several cancellation tests such as crossing out cer-

tasks do not, however, result in improved ADL skills.

tain letters or numbers on a printed form and the
Line Bisection Test for example by drawing a line

(72) Visual scanning training, prism glasses (level 2)

through the middle of a printed line.

It is plausible that visual scanning training to reduce

The quantitative analysis of the systematic review by

neglect has a favourable effect on attention to the

Bowen et al.536 found that the patients in the experi-

neglected side, measured with the visual scanning

mental groups of the 13 studies had better scores on

test.

one or more of these standardized visual

It is unclear whether this effect remains after the

tests.539-546,553-556,558

intervention is stopped and whether the effect at

These favourable effects at the

impairment level did not, however, result in greater

impairment level results in greater ADL independence.

ADL independence.536,538

Prism glasses are the only intervention for which the-

It can be concluded that cognitive rehabilitation stra-

re are indications that the effect remains several

tegies to influence neglect are effective in terms of the

hours after the intervention is stopped.

task that is actually trained, but do not result in
improvements at the skills level. The favourable effect
of visual scanning training on specialized tests at the
impairment level cannot be confirmed to result in
decreased neglect during daily life activities. There are
indications that treatment for neglect is only effective
if the therapy is offered at high intensity, i.e. 30-60
min. a day for several weeks.536
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I – Studies
I.1 Overview of recommendations for treatment, per domain
Domain

Paragraph Intervention/
measure/
determinant

Measuring B.11
instruments

systematic
assessment
(monitoring)

General
treatment
principles

Stroke team

C.13

Weight of
evidence
1
2
3
•

•

Hospital stroke
unit

•

C.2

Evidence-based
guidelines

•

C.3.4

Intensity of
exercise therapy

•

C.4.1

Task specificity of
training effects

•

C.4.2

Context specificity
of training effects

•

C.5.4

Neurological exercise methods or
treatment
concepts

•

Treatment Guidelines

1 There are indications that systematic assessment (monitoring) of patients with stroke with
the help of reliable and valid measuring instruments offers added value in improving the
accuracy of prediction of walking ability, dexterity and ADL skills.
2 It has been demonstrated that the treatment
of patients with stroke in the acute or subacute phase, by a multidisciplinary stroke team,
preferably in a specialized unit in a permanent
location, has a positive effect on the chances of
survival, the length of hospital stay and ADL
independence compared to treatment in conventional treatment centres.
3 There are indications that a hospital stroke
unit should be embedded in a stroke service
with appropriate rehabilitation facilities.
4 There are indications that a hospital stroke
unit should be embedded in a stroke service
with appropriate rehabilitation facilities.
5 It has been demonstrated that exercising
intensively several times a day (additional exercise hours) has a positive effect on the speed of
the recovery of abilities compared to less intensive exercising. This is true for patients with
stroke in the acute or sub-acute and post-acute
phases. It is unclear to what extent these effects
can also be obtained in the chronic phase.
6 It has been demonstrated that specific training of abilities in patients with stroke, such as
standing balance and reaching to grasp objects,
has a positive effect on the ability that is being
trained, in the acute or sub-acute, post-acute
and chronic phases. Generalization to other
abilities that were not specifically trained during therapy, however, has so far rarely been
demonstrated.
7 It has been demonstrated that, in the training
of patients with stroke, familiarity with the
environment (context) in which skills are
learned positively affects the learning of the
skills, in the acute or sub-acute, post-acute and
chronic phases. If possible, patients with stroke
should start to rehabilitate in their own residential environment as soon as possible.
8 It has been demonstrated that none of the
current neurological exercise methods or treatment concepts offers any added value at the
activity level compared to any of the other neurological exercise methods for patients with
stroke.

References

CBO1

Netherlands
Heart
Foundation 2

1 SR46
19 RCTs47-65
4 CCTs66-69

2 pre-exp.
studies74,75
2 SRs81,82
19 RCTs51,86-103
2 CCTs104,105

*

1 SR153
8 RCTs90,157-163
2 CCTs164,165

*: The specific effectiveness of the therapy is reported as a trend in most systematic reviews (SRs) and randomised controlled trials (RCTs).
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Domain

Paragraph Intervention/
measure/
determinant

Weight of
evidence
1
2
3

NDT-concept

•

Motor learning

•

D.4

Early start of
rehabilitation

•

D.5.1

Position in bed

•

Prevention of
pressure ulcers

•

Prevention and
treatment of
bronchopneumonia

•

C.6.4

Treatment Guidelines

References

9 There are indications that strictly following
the basic principles of the NDT concept may
delay recovery of ADL independence, which may
result in a longer admission period.
1RCT179
10 There are indications that functional exercise therapy in an environment that is as relevant as possible to the patient (i.e., task- and
context-specific) has positive effects on the
skills that have to be learned. Elements of sufficient repetition as well as variation (repetitionwithout-repetition) appear to be important conditions for an effective learning process.

IMMOBILIZATION PHASE

144

11 There are indications that starting rehabili- Guidelines:
tation as soon as possible (within 72 hours after CBO1
the onset of stroke), preferably by a multidisci- DVT-rapport
plinary team in a stroke unit, accelerates and
CBO220
enhances functional recovery.
VS-Guidelines76
12 There are indications that the position in
UK-Guidelines16
which a CVA patient is lying in bed should be
Scottish
perceived by them as comfortable. There is no Guidelines13
evidence, however, that a specific body position, as recommended in neurological exercise
methods, reduces spasticity on the paretic side
in comparison to a position intended to regulate muscle tone.
13 There are indications that the risk of
pressure ulcers in patients in the
immobilization phase can be reduced by regular
repositioning, as well as by daily examination
of the body parts that are particularly exposed
to point pressure (heel and tailbone). It is
recommended to stimulate patients to actively
reposition themselves as much as they are able
to.
14 There are indications that regular repositioning of patients with stroke in the immobilization phase reduces the risk of bronchopneumonia.
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Domain

145

Paragraph Intervention/
measure/
determinant

Weight of
evidence
1
2
3

D.5.3

Pulmonary
ventilation

•

D.5.4

(Guided) active
movement

•

D.5.5

Prevention of
deep vein
thrombosis

•

D.5.6

Partners and
relatives

•

Treatment Guidelines

References

15 There are indications that improving pulmonary ventilation by means of respiratory
exercises and manual compression of the chest
leads to improved sputum drainage in patients
with stroke in the immobile phase. In the case
of increased intracranial pressure or non-stabilized cerebral haemorrhage, the physician in
attendance (neurologist or neurosurgeon) must
be consulted. Some restraint should be exercised when applying drainage positions in the
acute phase after a CVA (relative contra-indication). For example, if there is increased intracranial pressure as a result of a cerebral haemorrhage, drainage positions are contraindicated in
the acute or sub-acute phase.
16 There are indications that it is useful to
exercise (reactivate) stroke patients in the
immobile phase. (Guided) active movement of
the paretic extremities in bed can contribute to
an improvement of the range of motion as well
as of body awareness.
17 There are indications that deep vein thrombosis (DVT) frequently occurs in patients with
stroke in the immobile phase. The working
group recommends checking patients in this
phase daily for the symptoms of pain, oedema
and fever, which might indicate DVT.
In addition to medicinal treatment (heparin),
patients with stroke in the immobilization
phase have to be fitted with anti-embolism
stockings as soon as possible.
If possible, patients have to be mobilized immediately (standing or walking) under supervision
of a physical therapist to reduce the risk of DVT.
18 There are indications that rehabilitation can
be optimized by informing the patient’s partner
as soon as possible about what the patient can
and cannot do. Patient education material may
be helpful.
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Domain

Paragraph Intervention/
measure/
determinant

Weight of
evidence
1
2
3

Treatment Guidelines

References

19 There are indications that the prognosis for
walking ability is largely determined in the
first 2 weeks after the onset of a CVA.
Synergy formation and age are the most
important clinical determinants predicting the
recovery of walking ability, as measured with
the Functional Ambulation Categories, 6
months after the onset of stroke.
The most important determinants of recovery
of walking ability appear to be a stage 3 or
higher motor recovery according to
Brunnstrom (synergy formation) and age
younger than 70 years. Compared to the predictors of walking ability, those of comfortable
walking speed are less accurate. The most
important predictive factors for walking speed
after 6 months seem to be: muscle strength of
the paretic leg, sitting balance and social support (informal care).
20 It has been demonstrated that reaching
exercises with the non-paretic arm during sitting, in which patients learn to reach beyond
the base of support (i.e., beyond arm’s length)
and are aware of their own body posture, have
a positive effect on sitting balance. It is
unclear whether improved sitting balance also
results in improvements in standing, standing
up, sitting down and walking.
21 It is plausible that manually propelling a
wheelchair asymmetrically with the nonparetic hand and foot in patients with stroke
with an unusable paretic arm in the sub-acute
phase does not lead to increased spasticity of
the paretic side.
22 There are indications that involving the
usable paretic arm in riding a wheelchair leads
to fewer steering errors.
23 It has been demonstrated that exercising
symmetric standing up and sitting down has a
positive effect on an even left-right distribution of body weight during these position
changes and on the speed of performance of
these activities. This effect has been demonstrated in patients in the post-acute and
chronic phases. It is unclear if these effects on
speed of standing up and sitting down persists
after the end of the intervention.

5 RCTs24,25,258-260

MOBILIZATION PHASE
Walking

E.1.4

Prognosis for
walking ability

E.2.4

Sitting balance

ability and

•

gaitrelated
abilities

E.3.4

•

Asymmetrically
driving a
manually
propelled
wheelchair

•

Using the paretic
arm
E.4.3

146

Symmetry while
standing up and
sitting down

•

•

4 RCTs121,162,
269,270

1 RCT272
1 CCT273

5 RCTs120,121,270,
276,277
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Domain

Paragraph Intervention/
measure/
determinant

Weight of
evidence
1
2
3

Treatment Guidelines

•

24 It is plausible that the positive effects on
postural symmetry and speed of symmetric
standing up and sitting down reduce the
incidence of falls while standing up and sitting
down.
25 It has been demonstrated that training postural control while standing on force plates
(force platform) with the help of visual feedback (computer screen) has a positive effect on
the distribution of the body weight over the
hemiplegic and non-hemiplegic legs during
bilateral stance in patients in the post-acute
phase.
It is unclear to what extent these effects result
in a better walking ability.
26 It has been demonstrated that strength
training (including functional strength training) of the paretic leg with the help of fitness
equipment or forms of functional training, at a
minimum frequency of 2 to 3 times a week,
has a positive effect on the muscle strength of
the paretic leg and the comfortable walking
speed in the post-acute and chronic phases
after the onset of stroke. It remains unclear
whether strength or endurance training is
effective for training the upper limb of patients
with stroke.
27 It is plausible that strength training (including functional strength training) of the paretic leg with the help of fitness equipment or
forms of functional training does not increase
spasticity in patients in the chronic phase.
28 There are indications that the combination
of strength and endurance training (aerobics/
fitness or forms of functional training) has a
positive effect on physical endurance and comfortable walking speed in the acute or subacute, post-acute and chronic phases.
29 It has been demonstrated that Body-Weight
Supported Treadmill Training (BWSTT) (with
< 40% weight support) has a positive effect on
physical endurance in patients who are not
able to walk within 6 weeks after the onset of
stroke. BWSTT can be regarded as an important
contribution to the conventional forms of
training. It is especially patients with stroke
with a weak physical condition, making intensive gait training impossible, who seem to be
eligible for this kind of therapy.
30 It has been demonstrated that intensive
treadmill training without body weight support for patients with stroke with limited walking ability in the post-acute phase has a positive effect on their walking ability.

Prevention of falls
while standing up
and sitting down

E.5.4

Force plates met
visuele feedback

•

E.6.4

Strength training
(including
functional
strength training)
and muscle
strength

•

Strength training
(including
functional
strength training)
and spasticity
Aerobics and
fitness
programmes

E.7.4

E.8.4

147

Body-weight
supported
treadmill training

Treadmill training
without body
weight support
(walking ability)

•

•

•

•

References

7 RCTs281-287
1 CCT117

10 RCTs89,120,
292-296,302-304

3CCTs297,298,305

2 SR318,319
5 RCTs119,308,309,
312,321

1 CCT313

2 SR318,319
4 RCTs89,325-327
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Domain

Paragraph Intervention/
measure/
determinant

E.9.4

E.10.4

Treadmill training
without body
weight support
(physical
endurance)
Functional electro-stimulation

EMG/Biofeedback

Weight of
evidence
1
2
3

Treatment Guidelines

•

31 It is plausible that intensive treadmill
training without body weight support has a
positive effect on walking speed in patients
with stroke in the post-acute phase. Effects on
physical endurance, however, remain unclear.
32 It has been demonstrated that the use of
functional electro-stimulation (FES) on the
paretic leg has no added value for walking
speed or walking ability in patients with stroke.
33 It has been demonstrated that the
application of EMG/Biofeedback therapy to foot
elevators of the paretic leg while walking offers
no added value for the range of motion of the
dorsiflexion of the ankle or for walking speed.
It is unclear whether EMG/Biofeedback therapy
offers any added value with regard to muscle
strength of the dorsal flexors of the lower limb.
34 It is plausible that the use of a custom-made
ankle-foot orthosis (AFO) has a positive effect on
stride length and walking speed in patients
with stroke while walking.
It is still unclear whether ankle-foot orthoses
have a positive effect on balance while walking,
on transfers, walking ability or walking distance, or on physical endurance or the fear of
falling. Nor is it clear what advantages AFOs
have for the quality of the gait pattern of
patients with stroke.
35 There are indications that the use of a walking aid, such as a cane, elbow crutch, tripod or
tetrapod, offers no added value in terms of
walking ability. The effects of a walking aid on
walking distance, fatigue, balance, sense of
security and risk of falling are unclear. There
are indications that the use of a walking aid
reduces postural sway in stance. The added value of a walking frame or two- or one-handed
rollator has not been studied.
36 It is plausible that limb overloading by
wearing external weights on the paretic side
while performing activities during standing and
walking offers no added value in terms of balance and walking speed or comfortable walking
speed in patients with stroke in the chronic
phase.
37 It is plausible that offering external auditory
rhythms (EAR) to patients with a hemiplegic gait
has a positive effect on stride length and hence
on walking speed.

•

•

therapy for foot
elevators

E.11.4
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Custom-made
ankle-foot
orthosis

•

E.12.4

Use of a walking
aid

•

E.13.4

Limb overloading

•

E.14.4

External auditory
rhythms

•

References

1 SR114
5 RCTs115,329-331,
333

3 SR113,345,346
11 RCTs115,335,
337-344,347

5 CCTs348-352

1 SR363
1 RCT353
10 pre-exp. studies354,355,357,360,
361,364,366-369

9 pre-exp.
studies371-379

1 RCT382
1 pre-exp.
study584

1 SR138
2 RCTs338,383
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Domain

Paragraph Intervention/
measure/
determinant

Dexterity

F.1.3

149

Weight of
evidence
1
2
3

Prognosis of
dexterity

•

Determinant of
dexterity: paretic
leg

•

Determinant of
dexterity: Barthel
Index

•

F.2.4

Therapeutic
positioning of
the paretic arm

•

F.3.3

Stretching
techniques

•

Immobilization
techniques

•

Treatment Guidelines

38 There are indications that the prognosis for
dexterity of the paretic arm is largely determined in the first 4 weeks after the onset of
stroke.
Functional recovery appears to be especially
related to the severity of the paresis. More than
90 percent of the patients with no voluntary
grasping function or extension of the wrist and
fingers after the critical period of 4 weeks still
have a non-functional arm 6 months and 1
year after stroke.
39 There are indications that the severity of the
paresis of the paretic leg in the first week after
the onset of stroke is an important determinant
of the ultimate recovery of the initially flaccid
arm.
40 There are indications that the recovery of
personal care, measured with the Barthel Index,
offers an inadequate evaluation of the functional recovery of the paretic arm.
The BI score on items related to personal care
(such as washing and getting dressed) says
more about the patient’s coping behaviour with
regard to the loss of functionality in the paretic
arm than about the actual use of this arm. This
is why the functional recovery of the paretic
arm has to be specifically evaluated on a regular
basis using reliable and valid measuring instruments, such as the Frenchay Arm Test or the
more specific Action Research Arm Test (ARAT).
41 It is plausible that positioning the paretic
arm beyond the synergistic pattern does not
reduce pain or stiffness in the shoulder in
patients in the post-acute phase. It is not clear
to what extent proper positioning influences
the occurrence of shoulder complaints, spasticity or the development of contractures and
oedema in the upper limb.
42 It is plausible that slow manual stretching of
the finger and wrist extensors of the spastic
paretic hand temporarily augments the range
of motion of the fingers. It is unclear whether
this effect also results in improved dexterity.
43 It is plausible that prolonged stretching by
means of splints mechanically reduces muscle
stiffness and has a favourable effect on range of
motion.
It is unlikely that the effects of prolonged stretching, whether or not within reflex-inhibiting
patterns, influence the EMG activity of the muscles involved.
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1 SR409
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1 CCT412
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Domain

Paragraph Intervention/
measure/
determinant
F.4.4

Sensory training

F.5.4

Air-splints

Weight of
evidence
1
2
3
•

•

Wrapping

F.6.4
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Neurological
exercise methods
(upper limb)

•

•

F.7.4

Bilateral cyclic
exercising

•

F.8.4

ConstraintInduced
Movement
Therapy

•

ConstraintInduced
Movement
Therapy and
somatosensory
impairments

•

Treatment Guidelines

44 There are indications that sensory training
of the paretic arm and hand has a positive
effect on the vital and gnostic sensory functions in patients in the chronic phase. It is
unclear, however, if these effects result in
improved dexterity.
45 It is plausible that air splints applied
around a paretic limb only have a temporary
reducing effect on the (Hoffman) reflex activity of the limb. It is unclear if this effect
results in improved dexterity or walking ability.
46 It is plausible that wrapping the paretic
painful arm (from wrist to armpit) has a positive effect on the range of motion of the spastic paretic arm. This is true for patients in the
chronic phase.
47 It has been demonstrated that none of the
existing neurological exercise methods for
the treatment of the upper limb in patients
with stroke offers any added value for functional recovery of the arm.
48 There are indications that exercises using
active repetitive cyclic movements of the
paretic arm (such as BATRAC) have a favourable
effect on range of motion, muscle strength
and dexterity in patients with stroke.
These effects have been found in the postacute as well as the chronic phase.
49 It has been demonstrated that ConstraintInduced Movement Therapy (CIMT) (forceduse) has a positive effect on recovery of dexterity in patients with stroke with at least 20
and 10 degrees of voluntary extension in
wrist and fingers, respectively.
Because the effects of CIMT are closely linked
to the intensity with which the paretic arm is
trained, immobilization of the non-paretic
arm will have to be done in combination
with an intensive functional exercise programme for the paretic arm (shaping).
50 It has been demonstrated that the effects
of Constraint-Induced Movement Therapy
(CIMT) in patients with somatosensory impairments are greater than in patients with intact
somatosensory function.
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1 CCT244

1 RCT161
2 pre-exp.
studies417,419

1 SR420
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1 RCT428
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6 RCTs423,424,
430-433

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

Domain

Paragraph Intervention/
measure/
determinant
F.9.4

151

Weight of
evidence
1
2
3

Neuromuscular
stimulation of
extensors

•

Neuromuscular
stimulation in the
absence of voluntary wrist and finger extension
Neuromuscular
stimulation in the
presence of voluntary wrist and finger extension

•

F.10.4

EMG-triggered

•

F.11.4

EMG/Biofeedback

•

neuromuscular stimulation

•

F.12.4

TENS

•

F.13.4

Neuromuscular
stimulation to
treat
glenohumeral
subluxation

•

Treatment Guidelines

References

51 There are indications that neuromuscular
stimulation (NMS) of the wrist and finger extensors of the paretic arm has a favourable effect
on muscle strength and range of motion of the
wrist and fingers.
52 It is plausible that neuromuscular stimulation (NMS) of the paretic wrist and finger extensors offers no added value for the recovery of
dexterity if patients have no voluntary control
over wrist and finger extension.
53 It is plausible that in the presence of active
wrist and finger extension of the paretic hand,
neuromuscular stimulation (NMS) of the wrist
and finger extensors has a favourable effect on
the recovery of dexterity.
These effects have only been demonstrated in
the sub-acute phase.
54 It is plausible that the addition of EMG feedback during neuromuscular stimulation (NMS)
of the wrist and finger extensors of the paretic
arm offers no added value in terms of muscle
strength and hand and arm functions in
patients with stroke.
55 It has been demonstrated that the use of
EMG/Biofeedback on the paretic arm in patients
with stroke offers no added value in terms of
active range of motion, muscle strength, movement coordination or dexterity.
56 It has been demonstrated that administration of TENS on the paretic arm reduces spasticity in patients with stroke in the post-acute and
chronic phases. It is unclear whether this effect
of TENS results in improved dexterity.
57 It has been demonstrated that in patients
with evident glenohumeral subluxation (GHS),
neuromuscular stimulation (NMS) of the paretic
shoulder has a temporary favourable effect on
the diastasis (humeral subluxation in the caudal direction) and on the passive range of
motion of the glenohumeral joints in the direction of external rotation. These effects of NMS
on GHS have only been found in patients in the
acute or sub-acute and post-acute phases. NMS
at the level of the shoulder does not result in a
decrease in hemiplegic shoulder pain, nor in
improved functionality of the paretic arm.

1 SR436
4 RCTs116,334,437,
438

3 RCTs440-442
1 CCT443

3 SRs345,346,444
9 RCTs157,343,
446-452

2 CCTs453,454
3 RCTs459-461

2 SRs465,466
5 RCTs457,463,
468-470

2 CCTs464,471
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Domain

Paragraph Intervention/
measure/
determinant

Weight of
evidence
1
2
3

F.14.4

•

Exercise therapy
in hemiplegic
shoulder pain

Pulley apparatus
in hemiplegic
shoulder pain
F.15.4

152

•

Intermittent
pneumatic compression in hand
oedema
Other physical
therapy treatment
methods

•

F.16.4

Mirror therapy of
the arm and hand

•

F.17.4

Sling or arm
orthosis

•

Strapping

•

•

Treatment Guidelines

58 It has been demonstrated that shoulder
exercises in which the paretic arm is moved
passively or in an assisted active way have no
added value for the treatment of hemiplegic
shoulder pain (HSP) compared to other forms of
physical therapy.
59 There are indications that exercising with a
pulley apparatus, in which the paretic arm is
elevated above 90 degrees, increases the risk of
shoulder complaints.
60 It is plausible that intensive intermittent
pneumatic compression (ICP) of the paretic forearm in the acute or sub-acute phase is unable to
reduce the degree of hand oedema.
61 There are indications that physical therapy
methods such as cryotherapy, elevation of the
paretic arm, neuromuscular stimulation, massage or wrapping of the arm hand and fingers
have no effect on the degree of hand oedema.
62 It is plausible that mirror therapy offers added value in terms of arm and hand coordination to patients who are able to actively lift
their paretic arm.
These favourable effects, which are still demonstrable several weeks after the end of the intervention, have so far only been found patients
in the chronic phase.
63 There are indications that in the case of glenohumeral subluxation (GHS) accompanied by
hemiplegic shoulder pain (HSP), the degree of
diastasis can be reduced with the help of a sling
or arm orthosis while standing and walking.
In the case of GHS and HSP while sitting, the
working group recommends supporting the
paretic arm by means of an arm trough or lap
board on the chair or wheelchair, adjusted to
the proper height.
64 There are indications that taping the paretic
shoulder by means of strapping techniques has
a favourable effect on the number of pain-free
days immediately after the onset of stroke.
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Domain

Paragraph Intervention/
measure/
determinant

Abilities

G.1.4

Weight of
evidence
1
2
3

Prognosis of ADL

•

Sequence of
recovery of ADL
according to the
Barthel Index

•

ADL

G.3.4

153

Strategy training
in dyspraxia

•

Treatment Guidelines

References

65 There are indications that the prognosis in
terms of ADL skills is largely determined in the
first week after the onset of stroke. The initial
ADL score (for instance on the Barthel Index) is
by far the most important clinical determinant
predicting the recovery of ADL independence 6
months after the onset of stroke.
Important independent determinants for recovery of ADL independence are (1) initial Barthel
Index; (2) urinary incontinence; (3) level of
consciousness in the first 48 hours according to
the GCS; (4) advanced age; (5) status after a
recurrent CVA; (6) severity of hemiplegia; (7) sitting balance at admission; (8) orientation in
time and place; (9) availability of social support
or family support; (10) heart failure and (11)
depression.
It is unclear to what extent impairments such
as hemianopia, neglect and conjugated deviation are independent factors predicting the
recovery of functionality. For the time being,
lateralization of stroke and gender do not seem
to be statistically significantly related to the
recovery of ADL independence.
66 There are indications that the recovery of
ADL skills, measured with the Barthel Index, follows a fixed sequence, in which care for one’s
appearance and eating are the first skills to
recover, followed by transfers, toileting, mobility, dressing and undressing, walking up and
down stairs and bathing.
67 It is plausible that strategy training for dyspraxia has a positive effect on ADL independence in patients with stroke in the post-acute
and chronic phases. The strategy training does
not influence the degree of ideational and ideomotor apraxia itself. It remains unclear whether
the effects of the training can be generalized to
activities not specifically trained for or to other
situations. Hence, the working group recommends focusing the training only on abilities
that are useful to the patient in the home situation.

5 SRs24,25,258-260

2 RCTs520,522
1 CCT524
2 pre-exp.
studies525,526
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Domain

Cognitive
rehabilitation

Paragraph Intervention/
measure/
determinant

Weight of
evidence
1
2
3

G.4.4

Leisure activities

•

H.2.1

Attention training

•

H.3.1

Memory training

•

H.4.1

Treatment of
neglect

•

Visual scanning
training, prism
glasses

154

•

Treatment Guidelines

References

68 It has been demonstrated that therapy in
the home situation focusing on leisure activities, such as gardening and painting, offers no
added value in terms of ADL independence, participation in leisure activities or the patient’s
mood. No added value has been demonstrated
either with regard to the mood and tensions
experienced by stroke patient’s partner.
69 It has been demonstrated that attention
training has a favourable effect on reaction
speed and pattern recognition in patients with
stroke in the post-acute phase.
These effects, however, do not seem to result in
improved ADL skills.
70 It has been demonstrated that memory
training offers no added value for the restoration of memory functions in patients with
stroke in the post-acute phase. Strategy training
has proved effective in teaching patients to
compensate for minor memory impairments.
71 It has been demonstrated that the treatment
of neglect in patients with a right-hemispheric
CVA for 30 to 60 minutes a day over a period of
several weeks has a favourable effect in terms of
increased attention to the neglected side, measured with the visual scanning test. These
favourable effects on the scanning tasks do not,
however, result in improved ADL skills.
72 It is plausible that visual scanning training
to reduce neglect has a favourable effect on
attention to the neglected side, measured with
the visual scanning test.
It is unclear whether this effect remains after
the intervention is stopped and whether the
effect at impairment level results in greater ADL
independence. Prism glasses are the only intervention for which there are indications that the
effect remains several hours after the intervention is stopped.

4 RCTs99,528-530

1 SR535
1 RCT548
1 CCT557

1 SR534
1 RCT547

3 SRs536-538
10 RCTs539-546,
549,550

13 CCTs551-556,
558-564
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Domain: General principles
Subdomain: Intensity [C.3]

N (E/C)

n = 8 RCT’s and 1 quasi-exp
n=1051 patients

Sivenius et al.’85
Sunderland et al92
Wade et al.’92
Richards et al.’93

Smith et al.’81

Stern et al. ‘70
Peacock et al.’72

n = 7 RCT’s
n = 597 patients

Age
+ SD

Grade of Recommendation: 1

SR

SR

Study
Design
(reference+
publication year)
Langhorne et al.
1996

Kwakkel et al.
1997

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

sub-acute:
< 2 wk after
stroke
type: ?
post-acute:
mean: 38d.
after stroke

Yes

Yes

Intervention: intensive vs normal
E: intensive therapy
C: normal therapy
Intensity: E: 69.1 and C: 47.2 in 3 mo; contrast (E-C):
21.9 x 30 min = 657 min; during 3 mo

Intervention: intensive, conventional care vs self-care
E1: intensive rehabilitation
E2: conventional rehabilitation
C: no rehabilitation, only home-exercises and selfcare
Intensity: E1: 69.1 hrs; E2: 37.8 hrs and C: 10.5 hrs,
during 3 mo

Intervention: PNF vs conventional PT
E: exercise group specified special therapeutic
exercise program (same exercises as C, and
additional PNF and Brunnström
C: no ‘specialized’ therapeutic exercises (heat and
cold modalities, PROM, ambulation)
Intensity: daily E: 100 min and C: 60 min, until
discharge
Intervention: intensive vs normal
E: intensive therapy in a rehabilitation unit
C: normal therapy in general ward
Intensity: ?

Evaluating effects of different intensities of stroke
rehabilitation in terms of disabilities and impairments

Evaluation if more intensive PT produces greater
benefits in reducing disability

-

-

-

-

No
mean: type: iCVA
64y,
range post-acute:
38-84y. median 31 d.
after stroke,
range 8d-5y

Stern et al. ‘70
Peacock et al.’72
Smith et al.’81
Sivenius et al.’85
Sunderland et al92
Wade et al.’92
Richards et al.’93
Keith et al.’95
Werner & K. ‘96

62 ( 31 / 31 )
with completed
stroke and
hemiplegia

mean:
57 y.

RCT

52 ( 29 / 23 )
who required
rehabilitation

Stern et al. 1970

RCT

133 (46/ 43/ 44) mean:
65 y.
on discharge
from hospital;
able to tolerate
intensive
therapy

type: all
acute:
within 1 wk of
stroke

?

RCT
12
patients
not
randomised

type: ?

Smith et al. 1981

RCT

Peacock et al.
1972

Sivenius et al.
1985

mean:
71y. +
9.8 y.,
range
61-82y.
95 ( 50 / 45 )
in-patients; able
to tolerate
intensive
therapy

(Primary) Outcome

Case fatality, motor
scores and ADL-scores

Conclusions (author)

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

More intensive PT input was associated
with a reduction in the poor outcome of
death or deterioration and may enhance
the rate of recovery.

ADL and neuromuscular A small but statistically significant
intensity-effect relationship in the
and functional
rehabilitation of stroke patients was found.
parameters
Insufficient contrast in the amount of
rehabilitation between experimental and
control conditions, organizational setting
of rehabilitation management, lack of
blinding procedures and heterogeneity of
patient characteristics were major
confounding factors.

?
failure at the
questions:

4
failure at the
questions:
3,5,6,7,8,9

?

4
failure at the
questions:
3,5,6,7,9,11

5
failure at the
questions:
4,5,6,7,9

Improvement was greatest in those
receiving intensive therapy, intermediate
in those receiving conventional treatment
and at least in those receiving no routine
treatment

Motility Index, ADL-score Facilitation exercises do not significantly
improve the motility and strength deficits
( KRISCE-scale) and
in these patients, because both groups
strength
showed comparable improvement.
measured at end of
treatment

ADL-score (similar to
Rankin score), survival
measured ? after stroke
ADL-score (NPS),
survival
measured at 3 and 12
mo after stroke

ADL-score (Lehmann), The conclusion is that intensified PT
seems to improve the functional recovery
strength and ROM
of stroke patients. The gain of ADL and
(Katz&Ford)
motor function was greatest during the
measured at 3, 6 and 12 first 3 mo after stroke in the intensive
treatment group.
mo after stroke
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Type of
stroke

Domain: General principles
Subdomain: Intensity [C.3]
N (E/C)

Age
+ SD

(Primary) Outcome

EMI, subtests of Motor
Club Assessment, FAT,
NHPT, pain and BI
measured at 1, 3 and 6
mo after stroke

Yes

Intervention: treatment vs no treatment
E: treated
C: untreated
Intensity: 5 min/d; during 3 mo

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

6
failure at the
questions:
3,5,6,9

7
failure at the
questions:
5,6,8

4
failure at the
questions:
3,5,6,8,9,11

5
failure at the
questions:
3,5,6,8,9

6
failure at the
questions:
3,5,6,9

4
failure at the
questions:
3,4,5,6,7,9

At six months after stroke the enhanced
therapy group showed a small but
statistically significant advantage in
recovery of strength, range and speed of
movement. This effect seemed
concentrated amongst those who had a
milder initial impairment.

The advantage seen for some patients
EMI, Motor Club
Assessment, FAT, NHPT with enhanced therapy at six months after
stroke had diminished to a non-significant
and BI
trend by one year.
measured at 1 year after
stroke

Yes

Intervention: intensive vs conventional
E: early intensive therapy incorporating the use of a
tilt table, resisted exercises (Kinetron) and treadmill
training
C1: early conventional therapy included traditional
(not specified) approach
C2: conventional therapy
Intensity: E~1.7 hrs/d and C1+2 ~1.3 hrs/d during 6wk

Significant improvement after 3 months in
treatment group. The improvement in
functional tasks can be attained with
therapy during the post-acute period and
the gains are maintained for at least 6
months following the intervention.

Intervention of an experienced PT late
BI, NEAI, FAI, NHPT,
after stroke specially improves mobility,
RMI, TMW and FAC
albeit by small amount, but the effects did
measured at 6 wk and 3, not seem to be maintained, perhaps
because there is an underlying decline in
6 and 9 mo later
mobility in these patients.
At 6 wk gait velocity was similar in both
FMA, BI-ambulation,
conventional groups and at this point in
BBS, gait speed (4m)
the experimental group gait velocity was
measured at 6 wk and 3 faster. This effect disappeared at 3 and 6
and 6 mo after baseline mo after stroke.

Yes

Intervention: treatment vs no treatment
FIM-MM and SIP
E: intensive outpatient rehabilitation program;
functional tasks (transfers, walking, self-care, feeding) measured at 3 and 9 mo
and strengthening, stretching, mobilization and
muscle retraining/facilitation.
C: did not receive any outpatient therapy
Intensity: 1 hrs PT and 1 hrs OT, 4 d/wk during 12wk

Intervention: follow-up Sunderland et al. 1992

Intervention: enhanced therapy vs conventional
therapy
E: 1) more intensive treatment for the arm, with
amount and type of therapy for leg the same as C,
and 2) eclectic approach with specific aims : promote
more active participation in arm rehabilitation
C: expert hands-on treatment based on “Bobath” en
“Johnstone”- techniques, without routinely instructions
to exercise between therapy sessions
Intensity: E more than twice the amount of arm
therapy per week, during 6 mo

Characteristics of intervention
Ext.
val.*
yes/no

132 (65/67)

type: all
Yes
but SAH and
brain stem
strokes
excluded

chronic:
3 y + 1.8
after stroke

Yes

Three months after entry to the study the
BI and EADL
enhanced service group had better EADL
measured at 3 and 6 mo than the usual service group. This benefit
remained significant in only the mobility
after entry to the study
section of the EADL at 6 months
Intervention: enhanced OT service vs usual service
E: treated by single research OT and treated sooner
after discharge
C: routine service by senior OT and some patients
placed on waiting list
Intensity: E: 222 (+ 136) min and C: 55 (+ 83) min;
during 6 mo

Yes

median
67.5y,
range:
32-92 y

sub-acute:
median 9 d.,
range 2-35 d.

97 (48/49) of
132 patients
completed the
follow-up (=27%
drop-outs)

137 of 429
patients
submitted in
study
4% drop-outs,
132 completed
the study

RCT

94 ( 49 / 45 )
mean: type: all
outpatients, with 72 y.,
reduced mobility range chronic:
61-83y. mean 4.7 y.
after stroke

chronic:
mean: 52 w
after stroke,
range 39-64
w

RCT

27 ( 10 / 8 / 9 )

RCT

mean:
40 (28/12)
61.1 +
49 (33/16)
10.2 y
40 completed
the study (29%
drop-outs = 14
patients) and 5
patients added

type: MCA

RCT

sub-acute:
mean 10 d
after stroke

median type: all
: 69y.

RCT

RCT

Design
Study
(reference+
publication year)
Sunderland et al.
1992

Sunderland et al.
1994

Wade et al. 1992

Richards et al.
1993

Werner and
Kessler 1996

Logan et al. 1997

mean: type: first
111 ( 53 / 58 )
discharged from 73 y. + stroke
hospital and
11y
referred to OT
service

post-acute:
between 1 +
2 mo after
stroke
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N (E/C)

Age
+ SD
Type of
stroke

Characteristics of intervention
Ext.
val.*
yes/no

100 (50/50);

Yes
type: first
stroke, MCA

sub-acute:
23 d. + 6 d

type: iCVA or Yes
hCVA (SAH
excluded)

108 submitted
in study,
7% drop-outs

mean:
64.2 y
+ 11.9,
range
36-88 y

Domain: General principles
Subdomain: Intensity [C.3]

RCT

RCT

Design
Study
(reference+
publication year)
Feys et al. 1998

Kwakkel et al.
1999
sub-acute:
mean
7 d. + 2.7 d.
after stoke

Follow-up study Kwakkel et al. 1999

101 (33/ 31/37) mean:
with impairment 65.9 y
+ 11.5y
of motor
function of the
arm,
9% drop-outs
89 completed
the study

Yes

Intervention: additional sensorimotor stimulation vs
treatment standard treatment
E: rocking chair + inflatable arm splint (affected arm);
arm has to push backwards as reaction on movement
of rocking chair.
C: rocking chair + no stimulation of affected arm
(rested on cushion), but fake short-wave therapy of
shoulder did not receive any outpatient therapy
Intensity: both groups 30 min., 5 d/wk during 6 wk
(total 30 sessions)
Intervention: additional amount of intensity of PT
(affected arm) vs additional amount of intensity of PT
(affected leg) vs immobilising affected arm and leg
with splint
E: 30 min (5d/wk) additional arm or leg therapy based
on eclectic approach (functional exercises)
C: immobilisation of paretic arm and leg with an
inflatable pressure splint; patient in supine for 30
min/day for 5d/wk
Intensity: all groups received basic rehabilitation (15
min/d. leg training; 15 min/d arm training or leg
training and 1.5 hrs ADL-training) during the 20 w.

-

-

86 (28/25/33)

RCT

Kwakkel et al.
2002

Yes

(Primary) Outcome

FMA, ARA and BI
measured at 6 and 12
mo after stroke

BI, FAC and ARA
measured at 6, 12, 20
and 26 w. after stroke

BI, FAC and ARA
measured at 6, 9 and 12
mo. after stroke
RMA, ARA, THPT, grip
strength, BI and
Extended ADL
measured at 5 wk and
after 3 and 6 mo after
stroke

Groups were subdivided according to severity of initial arm impairment

median type: all
73 y
sub-acute:
median 12 d,
range 1-5 wk
after stroke

-

Yes

Lincoln et al. 1999 RCT

-

282 (94/93/95)
with arm
impairment
282 completed
the study

RCT

Intervention: additional amount of intensity of PT
(affected arm) vs daily routine PT only
E: two intervention groups:
E1) standard PT (30-45 min/d) and additional
treatment by senior research PT (facilitation, specific
neuromuscular techniques and functional
rehabilitation based on Bobath approach;
E2) standard PT(30-45 min/d) and additional
treatment by PT-assistant (positioning and care of
affected arm; passive, assisted and active
movements; and practice of functional activities based
on teaching by PT before start of treatment.
facilitation, specific neuromuscular techniques and
functional rehabilitation based on Bobath approach;
C: standard routine PT (Bobath approach) for 30-45
min. . No additional PT by research PT.
Intensity: both E-groups received additional 2 hrs/wk
during 5 wk PT (= 10hrs)

Parry, Lincoln,
Vass 1999a

Post-hoc
analysis
(Lincoln et al.
1999)

Conclusions (author)

6
failure at the
questions:
3,5,6,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Adding a specific intervention during the
acute phase after stroke significantly
improved motor recovery of the upper limb
(FMA), which was apparent 1 year later,
but no differential effect measured with BI
and ARA.

Unable to demonstrate long-term effects
of intensity of treatment on the individual
patterns of functional recovery between 6
and 12 months after stroke.
The increase in the amount of PT for arm
impairment with a typical British approach
given early after stroke did not significantly
improve recovery of arm function.

6
failure at the
questions:
3,4,5,6

6
failure at the
questions:
5,6,7,9
6
failure at the
questions:
5,6,8,9

7
Greater intensity of arm rehabilitation
results in small improvements in dexterity. failure at the
questions:
5,6,9

Benefits of additional treatment were
detected in the less-severe patients group;
in the more severe patients no benefits
were found.
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N (E/C)

Domain: General principles
Subdomain: Intensity [C.3]
Design
Study
(reference+
publication year)
Post-hoc analysis (Lincoln et
al. 1999)

RCT

Parry, Lincoln,
Appleyard 1999b

Characteristics of intervention
Ext.
val.*
yes/no

Type of
stroke

Age
+ SD

Yes

Intervention: treatment (OT) vs no treatment
E: OT at home (ADL-activities)
C: routine practice and no additional input from
research therapist
Intensity: mean 5.8 + 3.3 visits of OT; sessions of
(mean) 52 + 11 min during 6 mo

mean: type: all
74 + 8y
sub-acute:
within 1 mo
of their
stroke

Intervention: intensive vs standard therapy
E: doubling PT
C: standard PT
Intensity: E; 60 min/d vs C; 30 min/d for an
unspecified period of time (~6 mo)

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2
(Primary) Outcome

7
failure at the
questions:
5,6,9

Conclusions (author)

BI, EADL and RMA
OT at home significantly reduced disability
and handicap in patients with stroke who
measured at 1 and 6 mo were not admitted to hospital
after stroke

LROC, POR, FRT, STR, Doubling PT time available for patients in 7
a stroke unit will not provide a measurable failure at the
gait speed (5m)
benefit for all patients.
questions:
5,6,9
measured at 6 wk and 6
mo after stroke

BI, GHQ, NEAI and NLQ Neither of the additional OT treatments
showed clear beneficial effect on mood,
leisure activity or independence in ADL
measured at 6 or 12 months
measured at 6 and 12
mo after discharge from
hospital

BI, NEADL and death

Yes

Intervention: Domiciliary program (OT) vs routine
service
E: Domiciliary program (OT), recovery goals such as
regaining self care, or domestic or leisure activities
C: Routine services included inpatient
multidisciplinary rehabilitation.
Intensity: E; around 10 visits lasting 30-45 min). C: 0
min

8
failure at the
questions:
5,6

7
failure at the
questions:
5,6,8

8
failure at the
questions:
5,6

Yes

Intervention: OT (leisure or ADL-based) at home vs
no (OT) treatment at home
E1: OT at home, based on leisure activities
E2: OT at home, based on ADL-activities
C: no OT within the trial
Intensity: mean 8.5 sessions; mean duration of
sessions: 56 min for up to 6 mo

Community PT treatment for patients with
mobility problems 1 year after stroke leads
to significant, but clinically small,
improvements in mobility and gait speed
that are not sustained after treatment ends

The functional outcome and satisfaction of
patients with stroke can be improved by a
brief occupational therapy program carried
out in the patient’s home immediately after
discharge. Major benefits may not,
however, be sustained

Yes

Intervention: PT treatment vs no treatment
RMI, TMW, BI and FAI
E: treated at home or in outpatient rehabilitation
measured at 3, 6 and 9
centres
mo after stroke
C: no treatment
Intensity: max. contact period of 13 wk. with minimum
of 3 contacts per patient ; 30 minutes

114 ( 54 / 60 )

type: all

Yes

6
failure at the
questions:
3,5,6,7

Yes
mean: type: all
76.5 y.,
range ?:
60-94y. mean ? after
stroke

mean:
466
(153 / 156/ 157) 72 y.

post-acute:
mean 4.7 mo
after stroke

type: all
chronic:
> 1 y. after
stroke

type: all

After controlling for confounders and case
mix, patients in the experimental group
showed a significant 14-day reduction in
length of stay. Concurrently average
length of stay was increased for both
groups by 16 days due to delays in
discharge.

138 (67 / 71)

Walker et al. 1999 RCT

RCT

RCT

RCT

374 completed
the study (20%
drop-outs)

RCT

170 ( 85 / 85 )
who had
associated
persisting
mobility
problems

mean:
72.5 +
8.5 y.

RCT

post-acute:
mean 47 d.
after stroke

Intervention: augmented therapy (OT + PT) vs normal BI, Mayo scale (mental
status) and LOS
therapy
E: 62.5% of available total time of therapist the
measured at discharge
patients had therapy
C: 37.5% of available total time of therapist the
patients had therapy
Intensity: E had 67% more therapy than C (E~1.25
hrs/d and C less than 1 hrs/d for 5 d/wk till discharge)

mean: type: SAH
71 y., excluded
range
28-89y sub-acute:
mean 27 d.
after stroke

185 ( 94 / 91 )
who had not
been admitted
to hospital

Partridge et al.
2000

Gilbertson et al.
2000

Parker et al. 2001

Green et al. 2002

Slade et al. 2002

mean:
87 ( 47 / 40 )
stroke patients, 53 y.
total group 141
(stroke, TBI and
other neurological disorders);
126 (67/59)
completed the
study (11%
drop-outs)
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N (E/C)

Domain: General principles
Subdomain: Intensity [C.3]
Design
Study
(reference+
publication year)

Age
+ SD

70 ( 35 / 35 )
mean:
67.4 +
were able to
tolerate and
10.5 y.
benefit from
mobility
rehabilitation i.e.
independent
functional sitting
balance
65 completed
follow-up at 6
mo

type: all

Type of
stroke

yes

Characteristics of intervention
Ext.
val.*
yes/no

sub-acute:
mean 24 d
after stroke

l

th t

(Primary) Outcome

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

0 10) f th it

2 11

Mobility milestones, RMI, Analysis revealed no statistically
6
significant differences in the groups in our failure at the
TMW, ARAT, BI, LOS
and patient satisfaction primary or secondary outcome measures questions:
3,4,5,6

t(

measured at 4 wk and 3
and 6 mo after
randomisation

ti fi d i th t i l

Intervention: augmented PT vs standard PT
E: conventional stroke services plus additional
physiotherapy input (to approximately double the total
daily physiotherapy time) to
C: conventional in-patient stroke services including
conventional PT
Intensity: E: 60-80 min/d; 5 d/wk and C: 30-40 min/d;
5 d/wk during 10 wk

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Q lit
t f RCT’ i
db
ti th
b
f h kli t it i (2 11) f th PED

Wellwood (GAPS) RCT
(2003; in press)

*
**
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Domain: General principles
Subdomain: Neurophysiological therapy approaches [C.5]

N (E/C)
Age
+ SD

Yes

Intervention: OT sensorimotor integrative treatment
approach vs traditional functional OT-approach
E: approach based on combination of theories
described by Bobath, Rood and Ayres, and
emphasizes treating the cause of dysfunction rather
than compensating or adapting the problem
C: practice of particular tasks, usually ADL subdivided
into: compensation and adaptation. Also splinting.
Intensity: both groups for 40 min/d, 5 d/wk for 8 wk

Intervention: biofeedback therapy vs Bobath
E: cognitive behavioral model (biofeedback). During
skill acquisition EMG feedback goals are learned
C: traditional PT based on Bobath exercises
Intensity: 45 min at 3 d/wk for 5 wk

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

(Primary) Outcome

4
failure at the
questions:
3,5,6,7,8,9

Both facilitation and traditional exercise
therapies improved functional and motor
performance but there were no significant
differences between the approaches.

3
failure at the
questions:
3,4,5,6,7,8,9

Conclusions (author)

Motility Index, ADL-score Facilitation exercises do not significantly
( KRISCE) and strength improve the motility and strength deficits
in these patients, because both groups
showed comparable improvement.
measured at end of
treatment

No statistically significant superiority of
one therapy over the other

3
failure at the
questions:
3,4,5,6,8,9,
11

5
failure at the
questions:
3,5,6,8,9

BI, meal preparation and No statistical significant differences
8 subtests of SITB
between both treatment groups. , OT can
on basis of the findings

5
failure at the
questions:
3,5,6,7,9

measured at 4 and 8
weeks after admission

No significant differences in mean change
in upper extremity sensation, pain and
motor function from week o to week 3
between the splint and non-splint groups.

measured at 5 wk and
after 9 mo (follow up)

UEFT and finger
oscillation test

BI and MMT
Intervention: facilitation techniques (Rood and
Bobath) vs traditional techniques
E : based on facilitation approach (Rood and Bobath): measured at start and
include bilateral weight bearing, reflex inhibiting and
(variable) end
tactile, vestibular and vibratory stimulation
C: based on traditional approach (Kendall, Clayton
and Coulter) treatment techniques include resistive
exercises upper limb skateboards and pulleys.
Intensity: 1 – 1.5 hrs/day in addition to other program
involvements, plus all patients ½ hrs/d ROM-group.
Treatment until patients functional + motor performance stabilized, so weeks of treatment are variable

Intervention: additional PNF and Brunstromm vs
conventional PT
E: exercise group: additional PNF and Brunnstrom
and same exercises as C
C: no ‘specialized’ therapeutic exercises, but heat and
cold modalities, PROM and ambulation
Intensity: daily E>80 min and C 40 min during 59 d

Ext.
Characteristics of intervention
val.*
yes/no

62 ( 31 / 31 )
with completed
stroke and
hemiplegia
mean:? type: iCVA
No
range
38-84y. post-acute:
median 1mo
after stroke,
range 8d-5y

type: all

Type of
stroke

42 (21 / 21)
chronic :
mean
4.8 y + 8.2 y.
after stoke,
range 6 mo26 y.

29 ( 13 / 16 )
Yes
mean: type: first
with some
62 + 10 stroke
ability to extend y.,
range post-acute:
the wrist and
39-79y. mean 16 wk
fingers
+9.2 wk after
stroke, range
4-44wk
type: first
Yes
stroke
post-acute:
mean
40 d. + 42 d.
after stoke

mean: type: ?
No
70 y.,
range time since
55-82y. onset stroke:
?

90 (43 / 47)
mean:
with weakness 71.3 y
in UE and LE of + 9.1y
affected side

mean:
61.6 y
+ 21 y

Grades of Recommendation: 1+3

RCT

RCT

RCT

RCT

RCT

Study
Design
(reference+
publication year)
Stern et al. 1970

Logigian et al.
1983

Basmajian et al.
1987

Jongbloed et al.
1989

Poole et al. 1990

18 ( 9 / 9 )
were able to
imitate
movements
and/or follow
commands

FMA, pain and sensation
Intervention: traditional OT + inflatable splints
(Johnstone) vs traditional OT + no splinting
E: inflatable pressure splints and shoulder exercises measured at 3 wk after
start treatment
(elevated to 90 degrees shoulder flexion with full
elbow extension and as much shoulder external
rotation as possible without pain.
C: not specified therapy (no inflatable splint treatment)
Intensity: 5 d/wk for 30 min/d during 3 wk
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Type of
stroke

Characteristics of intervention
Ext.
val.*
yes/no

Domain: General principles
Subdomain: Neurophysiological therapy approaches [C.5]
N (E/C)

Age
+ SD

No

Yes

Intervention: compare 3 exercise therapeutic
approaches (conventional vs PNF, vs Bobath)
E1: Bobath
E2: PNF
C: conventional therapy
Intensity: 5 d/wk 30 min for 6 wk treatment

Intervention: retraining sitting symmetry after stroke
with 3 treatment groups vs a no specific control group
E1) reaching with visual feedback training at balance
platform while sitting
E2) task-specific reach (max. 140% of arm length) to
both sides with feet flat on the floor and
E3) Bobath-training; verbally and manually facilitated
by therapist during seated reaching
C: the same standard PT and OT as did the 3
treatment groups received
Intensity: 5d/wk, 30 min during 2 wk

Yes

Yes

mean: type: all
70.5y.
+ 7.7y. sub-acute:
mean 16 d
after stroke

No

Intervention: neuromuscular retraining techniques
(NRT) vs traditional functional retraining (TFR)
E: extensive mat exercises to optimise balance
reactions and focus on neurofacilitation techniques
C: minimum necessary to allow standing and focus on
multiple repetitions of specific activities.
Intensity: NRT: 2 sessions/day 45-60 min each,
and TFR: 2 sessions/day 30 min each

Intervention: NDT approach vs traditional functional
retraining approach.
E:NDT-approach:included tone inhibition and weightbearing activities and encouraged patients to use the
affected side; no resistive exercises and use of
abnormal reflexes.
C: traditional functional retraining approach, included
PROM, progr. resistive exercises, early use of
assistive devices+ bracing and allowed patients to
use their unaffected side.
Intensity: interventions for the duration of inpatient
and outpatient rehabilitation.
Intervention: Bobath vs MRP
E: treatment in a ‘Bobath-manner’
C: treatment in a ‘MRP-manner’
Intensity: 5 d/wk for a minimum of 40 min/d as long as
they were hospitalised

type: iCVA

acute: mean
?

mean:
27 (15 / 12)
with pure motor 71.8 y
+ 9.1y
stroke
sub-acute:
mean
13 d + 2 d.
after stoke

mean:
78y. +
9y,
range
49-95y
type: firstever stroke

RCT

61 ( 33 / 28 )
and 53 (29 / 24)
completed the
study (13%
drop-outs)

131 (36/38/57)
completed the
treatment

mean:? type: ?

type: all

RCT

subacute:
mean 2-6 wk
after stroke

39 ( 20 / 19 )

33 (8/ 10 / 9/ 6)
at 2 wk follow
up (17% dropouts)

mean:
72.4 y
+ 9 y,
range
47-86 y

CCT

CCT

40
(10/ 10/ 10/ 10)
with asymmetry
in sitting

RCT

Design
Study
(reference+
publication year)
Gelber et al. 1995

Langhammer &
Stanghelle 2000

Mudie et al. 2002

Dickstein et al.
1986

Lord & Hall 1986

chronic:
mean ?,
range 8-38
mo after
stroke

(Primary) Outcome

FIM, BB and NHPT
measured at discharge
and 6 and 12 mo after
stroke

Both treatments are equally efficacious in
treating pure motor hemiparetic strokes in
terms of functional outcomes, gait
measures and upper extremity motor
skills.

Conclusions (author)

6
failure at the
questions:
3,5,6,9

4
failure at the
questions:
3,4,5,6,7,9

Methodological
quality**

4
failure at the
questions:
3,5,6,7,9,11

3
failure at the
questions:
3,5,6,7,8,9,
11

5
failure at the
questions:
3,5,8,9,11

Physiotherapy using the MRP is
preferable to that using the Bobath
programme in the acute rehabilitation of
stroke patients

KNGF-richtlijn Beroerte – Map I.2

Motor Assessment
Scale, SMES, BI, NHP,
LOS, use assistive devices and accommodation
after discharge from
hospital

No substantial advantage could be
attributed to any of the three therapeutic
approaches

measured at baseline, 2
wk after baseline and 3
mo after onset stroke
Mean balance
These preliminary findings suggest that it
(percentage of total body might be possible to restore postural
weight), BI
symmetry in sitting in the early stages of
rehabilitation with therapy that focuses on
creating an awareness of body position
measured each
treatment session and at
2 and 12 wk after ending
treatment

BI, muscle tone (ordinal
5-point scale), AROM,
muscle strength and
ambulatory status (4point nominal scale)

measured at 2, 4 and 6
wk after start treatment
Telephone questionnaire No statistically significant differences were
found in skill levels between the groups.
regarding current
NRT patients showed a slightly greater
functional status (ADL,
independence in feeding than patients in
ambulation, arm use),
functional retraining. It was also noted that
LOS and discharge
the rehabilitation hospitalisation was
disposition
significantly longer in the NRT group (29
vs 68 days)
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N (E/C)

Age
+ SD
Type of
stroke

Characteristics of intervention
Ext.
val.*
yes/no

Domain: General principles
Subdomain: Neurophysiological therapy approaches [C.5]
Design
Study
(reference+
publication year)

(Primary) Outcome

5
failure at the
questions:
3,5,6,7,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Patel et al. 1998
CCT
184 (85 / 99)
mean: type: all
Yes
Intervention: comparison between two different kind of BI and LOS
Differences in rehabilitation process
between 2 units showed no effect on the
stroke units.
included at day 77.6 y
rate of functional recovery. LOS was
E: Unit A: impairment focussed rehabilitation, eg
7 after acute
+ 7.3y post-acute:
measured at
episode
0,1,2,3,4,6,8,10,12,14,16 significantly different between units.
mean ??
correction of tone and posture; based on repetitive
after stoke
remedies aimed at restoration of physiological activity ,18,and 20 wk after the
acute episode in both
C: Unit B: disability focussed rehabilitation, mainly
units
emphasized restoration of function through the
awareness of the physiology of the relevant muscles
Intensity: interventions for the duration of inpatient
rehabilitation in the stroke unit.
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

*
**
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Domain: Maintaining posture
Subdomain: Sitting Balance [E.2]

N (E/C)

mean:
72.4 y
+ 9 y,
range
47-86 y

mean:
65.6 y
+ 16 y

Type of
stroke

subacute:
mean 2-6 wk
after stroke

type: all

postacute:
mean 32 d. +
10d. after
stroke

type: all

Intervention: evaluate the effect of a task-related
training program to improve sitting balance: seated
reaching beyond arm’s length vs reaching within
arm’s length
E: loading of affected leg while practicing reaching
tasks using the unaffected hand to grasp objects
located beyond arm’s length
C: received sham training. Subjects seated in a chair
with arm and back support and forearms resting on a
table. Manipulative tasks using the unaffected hand
over small distances (< 50% of arm length)
Intensity: Both groups received standardized training
programs. Each program consisted of 10 sessions
spread over a 2-week period
Intervention: comparing a technique based on
voluntary trunk control during exploratory retraining vs
conventional neurorehabilitation
E: use of the ‘Bon Saint Côme’ device, a technique
based on voluntary trunk control during exploratory
retraining. A orthosis of the trunk supports a horizontal
pole projecting with pointer over wearer’s head. The
patient pointed (guided by movement of the patients
trunk) the targets in front of him. Visual and auditory
signals provide feedback to the subject. Exercises
initially performed in sitting position without laterally
body shifting. Intervention during 1 hrs and also 1 hrs
conventional rehabilitation
C: conventional rehabilitation include a Bobathinspired approach and functional therapy during 2 hrs
Intensity: phase 1 (first 4 wk) 5d/wk 2 hrs
rehabilitation and phase 2 (following 2 mo) both
groups only conventional rehabilitation
Intervention: retraining sitting symmetry after stroke
with 3 treatment groups and standard therapy vs a no
specific control group
E: E1) Monitored weight shift during seated reaching
and attempted to return to a symmetrical position after
reaching at balance performance monitor (BPM)
during 30 s., visual feedback by coloured lights at a
computer.
E2) task-specific reach (max. 140% of arm length) to
both sides with feet flat on the floor and
E3) Bobath-training; verbally and manually facilitated
by therapist during seated reaching
C: the same standard PT and OT as did the 3
treatment groups received
Intensity: 5d/wk, 30 min during 2 wk

Ext.
Characteristics of intervention
val.*
yes/no

Yes

Yes

Yes
20 ( 10 / 10 )
mean: type: all
able to sit
67.6 y
unsupported for + 8.2 y chronic:
mean 6.3 y +
20 min
4.4 y. after
stroke

20 (10 / 10 )
with static
imbalance of
trunk

19 completed
the study (5%
drop-outs)

Age
+ SD

Grade of Recommendation: 1

RCT

RCT

RCT

Study
Design
(reference+
publication year)
Dean et al. 1997

de Seze et al.
2001

Mudie et al.2002

40
(10/ 10/ 10/ 10)
with asymmetry
in sitting
33 (8/ 10 / 9/ 6)
at 2 wk follow
up (17% dropouts)
and 26 (6/8/7/5)
at 16 wk follow
up (totally 35%
drop-outs in
follow up)

(Primary) Outcome

Maximum distance
reached, hand
movement time,
%bodyweight while
reaching, TMW, EMG

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

7
failure at the
questions:
5,6,9

6
failure at the
questions:
3,5,6,9

This study provides strong evidence of the
efficacy of task-related motor training in
improving the ability to balance during
seated reaching activities after stroke

SEI, UEI, TCT, MI,
Voluntary trunk control retraining during
Ashworth Scale, FAC,
spatial exploration with the Bon Saint
Bells neglect test and
Côme device appears to be a useful
FIM
approach for rehabilitation of postural
disorders in hemiplegic patients. Postural
measured at 30d. and
and neglect tests improved significantly
90d. after start treatment more on day 30 in experimental group.
The benefit remained at day 90. Gait
improved earlier in experimental group.
FIM scores improved equally.

5
failure at the
questions:
3,5,8,9,11

measured after 2 weeks
(end of treatment)

Mean balance
These preliminary findings suggest that it
(percentage of total body might be possible to restore postural
weight), BI
symmetry in sitting in the early stages of
rehabilitation with therapy that focuses on
creating an awareness of body position
measured each
treatment session and at
2 and 12 wk after ending
treatment
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N (E/C)
Age
+ SD

Domain: Maintaining posture
Subdomain: Sitting Balance [E.2]
Design
Study
(reference+
publication year)
28 ( 9 / 19 )
mean:
ability of
69.9 y.
independent
+ 12.1y
sitting for 1 min.
and not able to
achieve 10
steps
20 ( 5 / 15 )
completed the
study ( 29%
drop outs)

type: all

Type of
stroke

Yes

Ext.
Characteristics of intervention
val.*
yes/no

postacute:
mean < 6wk
after stroke

Intervention: additional independent practice of sitting
balance and standard PT vs standard PT
E: moving simple objects seated in chair with forceplates under the feet and in armrests. The objects to
be moved with unaffected hand were colour-coded to
match guidance lines drawn on the table placed in
front the patient
C: standard PT based on the Bobath-approach
Intensity: 5d/wk during 4 wk

(Primary) Outcome

Symmetry of weight
distribution during sitting,
standing, rise to stand,
sitting down and
reaching
measured at 4and 6
weeks after start
intervention

Conclusions (author)

6
failure at the
questions:
5,6,8,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

There were no clinically significant
differences in measured outcome between
the groups. The regime of independent
practice had no measured beneficial effect
on the balance ability of patients with
recently acquired stroke.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Pollock et al. 2002 RCT

*
**
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Domain: Mobility
Subdomain: Wheelchair (self - propulsion) [E.3]

N (E/C)

Intervention: encourage to self-propel vs discourage
to self-propel with wheelchair on randomisation.
Both groups received regular rehabilitation treatment.
E: encouraged to self-propel by use of nonaffected
foot for paddle and propel and use of nonaffected arm
to provide extra propulsion and steering
C: discouraged to self-propel: seated in suitable
armchair between activities and wheelchair with
brakes to prevent attempts at self-propulsion
Intensity: en- or discouraged during 8 weeks

Ext.
Characteristics of intervention
val.*
yes/no

Age
+ SD

Yes

Yes
mean: types: all
67.1 y
+ 11.2, subacute:
range mean 16 d.
59-73y + 9 d. after
stroke,
range 9-22 d.

35 (17 / 19)
completed the
study,
33 (17 /16)
completed the
follow up

phase : ?
?? after
stroke

types: all

40 (19 / 21)
with good sitting
balance and
without walking
ability and
without neglect

Type of
stroke

Grade of Recommendation: 2+3
Study
Design
(reference+
publication year)
Barrett et al. 2001

RCT
(multicenter)

CCT

18 ( 9 / 9)
mean:
each had
47.9 y
required the use + 15.1y
of a manually
propelled
wheelchair for
at least 1 mo

Intervention: compare wheelchair propulsion with
hemiplegic pattern vs using 2 hands
Both groups testing same skills: propelling and
stopping wheelchair, forward and backward, on level
surface and on a 5 degree incline
E: using non-paretic arm and leg for wheelchairpropulsion
C: using both hands for wheelchair propulsion
Intensity: 1 video-session

(Primary) Outcome

Methodological
quality**

KNGF-richtlijn Beroerte - Map I.2

Conclusions (author)

Wheelchair users who use the hemiplegic
pattern (one hand and one leg)
experience more difficulties than those
who using two hands, some of which may
be amenable to improvements in
wheelchair prescription and training.

3
failure at
questions:
2,3,5,6,7,9,
11

BI, NEADL, GHQ-12 and No major differences were found between 7
question: feel sad or
the 2 groups for any of the outcome
failure at
depressed?
measures
questions:
5,6,10
measured at 3 mo and
12 mo (follow-up) after
stroke

Video recordings:
Deviation from midline,
foot slippage, number of
propulsive cycles and
propelling velocity
measured once

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Kirby et al. 1999

*
**
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Domain: Changing posture
Subdomain: Sit-to-Stand [E.4]

N (E/C)
Type of
stroke

33 mo since
end of
training

-

Intervention: ground reaction force feedback and PT
vs PT while sitting down and rising
E: auditory feedback to achieve symmetrical weight
bearing while rising and sitting down on balance
platform plus conventional PT.
C: conventional PT according to MRP-principles
EMG/BF-characteristics:
Intensity: 3 sessions/d., 15 min 5d/wk for 6 wk.

Ext.
Characteristics of intervention
val.*
yes/no

Yes
42 ( 21 / 21)
mean: type: all
able to stand up 64.9 y.
independently + 7.9 y. post-acute:
mean 38 d. +
20 d. after
stroke

mean:
66 y.

20 ( 10 / 10 )
Yes
mean: type: all
able to sit
67.6 y
unsupported for + 8.2 y chronic:
mean 6.3 y +
20 min
4.4 y. after
stroke

Intervention: evaluate the effect of a task-related
training program to improve tasks including sit to
stand vs sham therapy
E: loading of affected leg during sit to stand
C: received sham training.
Intensity: Both groups received standardized training
programs. Each program consisted of 10 sessions
spread over a 2-week period

19 completed
the study (5%
drop-outs)

Yes

postacute:
mean 2.8 mo
+ 1.3 mo
after stroke

type: all

chronic:
mean 1.8 y +
0.8 y. after
stroke

type: all

Intervention: evaluate the immediate and retained
effects of a training program on the performance of
locomotor-related tasks in chronic stroke
E: practice at a series of workstations (strengthen the
muscles of affected leg) as well as participating in
walking races and relays with other members of the
group.
C: same workstation training, but training was
designed to improve function of the affected upper
limb and was considered ‘sham ’lower limb training
Intensity: 3d/wk for 1 hrs during 4 wk
8 ( 4 / 4) completed follow-up
54 ( 30 / 24 )
mean:
could stand up 62.7 y.
independently
+ 7.9 y
and walk with or
without a cane

9 (5 / 4 )
completed the
study (25%
drop-outs)

12 ( 6 / 6 )
mean:
able to walk
64.3 y
10m.
+ 7.2 y
independently
with or without
assistive device

Yes

30 (16 / 14)

40 patients
completed the
study (5% dropouts)

Age
+ SD

Grades of Recommendation: 1+2
Study
Design
(reference+
publication year)

RCT

RCT

RCT

RCT

Engardt et al. 1993 RCT

Engardt 1994
(follow-up)

Dean et al. 1997

Dean et al. 2000

Cheng et al. 2001

Intervention: additional balance training +
conventional therapy vs conventional therapy
E: while rising to stand and sitting down the mean
symmetry of weight distribution is measured by force
plates under the feet. Rising to stand and sitting down
were divided into 2 distinct phases: the seat-on and
seat-off phases.
C: conventional stroke rehabilitation including
neuromuscular facilitation, FES, mat exercises and
other therapeutic exercises.
Intensity: 5d/wk for 30 min during 3 wk

KNGF-richtlijn Beroerte – Map I.2

Methodological
quality**

Conclusions (author)

(Primary) Outcome

5
failure at the
questions:
3,5,6,7,9

6
failure at the
questions:
3,5,6,9

5
failure at the
questions:
5,6,7,8,9

The relearned symmetric BWD with
auditory feedback had lost in rising as well
as in sitting down. Movement time in rising
and sitting down, however, was improved
Subjects significantly increased the load
7
taken trough the affected foot when
failure at the
standing up from sitting
questions:
5,6,9

-

BI, FMA, MAS and BWD Improvements in physical performance
and sit-to-stand tests were greater in
measured after 6 wk
experimental (feedback) group. No
differences between groups were seen in
improvement in performance of daily
living.

measured after an
average of 33 mo.

Maximum distance
reached, hand
movement time,
%bodyweight while
reaching, TMW, EMG
measured after 2 weeks
(end of treatment)

Symmetrical body-weight distribution
training may improve sit-to-stand
performance and, consequently, decrease
the number of falls by stroke patients

TMW, 6 minute walk,
The experimental group demonstrated
TUG, step test and sit-to- significant immediate and retained (2stand
month follow-up) improvement compared
with control group in walking speed and
measured at 4 wk and 2 endurance, force production through the
mo after the training
affected leg during sit-to-stand and the
(follow-up)
number of repetitions of the step test.

Body-weight distribution,
postural sway of CoP,
time needed to rise and
sit and occurrence of
falls
measured at 3 wk and at
follow-up (6 mo)
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N (E/C)

Domain: Changing posture
Subdomain: Sit-to-Stand [E.4]
Study
Design
(reference+
publication year)
Age
+ SD

28 ( 9 / 19 )
mean:
ability of
69.9 y.
independent
+ 12.1y
sitting for 1 min.
and not able to
achieve 10
steps
20 (5 / 15) completed the study
(29% drop-outs)

type: all

Type of
stroke

Yes

Ext.
Characteristics of intervention
val.*
yes/no

postacute:
mean < 6wk
after stroke

Intervention: additional independent practice of rising
to stand and sitting down and standard PT vs
standard PT
E: moving simple objects seated in chair with forceplates under the feet and in armrests. The objects to
be moved with unaffected hand were colour-coded to
match guidance lines drawn on the table placed in
front the patient
C: standard PT based on the Bobath-approach
Intensity: 5d/wk during 4 wk

(Primary) Outcome

Symmetry of weight
distribution during sitting,
standing, rise to stand,
sitting down and
reaching
measured at 4 and 6
weeks after start
intervention

Conclusions (author)

6
failure at the
questions:
5,6,8,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

There were no clinically significant
differences in measured outcome between
the groups. The regime of independent
practice had no measured beneficial effect
on the balance ability of patients with
recently acquired stroke.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Pollock et al. 2002 RCT

*
**
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Type of
stroke

Conclusions (author)

4
failure at the
questions:
3,4,5,6,7,9

Methodological
quality**

KNGF-richtlijn Beroerte - Map I.2

Postural sway BF was more effective than
conventional PT practices in reducing
mean lateral displacement of sway. This
was associated with increased loading of
affected side. Posttreatment changes in
total sway were not significantly different
between experimental and control groups.

(Primary) Outcome

Yes

Intervention: postural sway biofeedback vs
conventional PT
E: standing balance retraining using the static force
platform biofeedback system.
C: standard PT balance training including verbal and
mirror cues to practice symmetry
BF-characteristics: controlling postural sway visual
feedback; maintain cross within a central rectangular
area also displayed in the center of the screen
Intensity: during regular therapy 2 sessions/d of 15
min BF or conventional balance training for 2 wk

Visual feedback provides no differential
benefit over conventional balance
retraining when each is provided to
regular rehabilitation. There were no
between group differences on any
outcome measure at any time, although
the conventionally trained group tended to
perform better on tasks involving gait

SSI (= same definition as Weight bearing biofeedback on balance
postural symmetry)
platform demonstrates better results for
hemiplegia patients than conventional
training devices

measured before and
after each session for 2
wk

Postural sway
characteristics

No

5
failure at the
questions:
3,5,6,7,9

Intervention: Same intervention (Wong et al 1997)

SBT had a positive training effect on
symmetry in hemiplegic subjects. No
significant difference between subjects
with right or left hemiplegia

Yes

Postural sway and
standing symmetry,
BBS, TUG and
(maximum) gait speed
Measured at the end of
the training and 1 mo
after has ceased (follow
up)

5
failure at the
questions:
3,5,6,9, 11

Postural symmetry
Intervention: standing training. Comparison of
standing biofeedback trainer (SBT) vs standing
measured at 4 wk
training table (STT)
E: maintain symmetry while standing with visual and
auditory feedback on a balance platform
C: maintain symmetry in upright stance in standing
table, while performing pushing and pulling a load with
arms
Feedback-characteristics: In SBT visual weight
bearing feedback and auditory alarm (computer
spoken text)
Intensity: 5 d/wk, 60 min/d, during 3-4 wk

Ext.
Characteristics of intervention
val.*
yes/no

Domain: Standing balance
Subdomain: Visual feedback (VF) and Balance platform [E.5]

N (E/C)
Age
+ SD

Grade of Recommendation: 1
Study
Design
(reference+
publication year)

mean: type: first
51.3 y. stroke
+13.9y.

16 ( 8 / 8 )
mean: type: ?
able to stand
65.6 y.
unassisted for 1 + 5.5y. post-acute:
mean 37 d.
min.
+ 12 d. after
stroke,
range 16-56
d.)

60 (30 / 30)
55 CVA and 5
head-injury
??:
mean ??
after stroke

RCT

mean: type: ?
60 (30 / 30)
50 CVA and 10 49.1 y
+15.2y mean ??
head-injury
after stroke

0% drop-outs

RCT

RCT

Shumway-Cook et RCT
al. 1988

Wong et al. 1997

Lee et al. 1996

Grant et al. 1997

16 ( 8 / 8 )
mean: type: ?
which could
65 y. +
adversely affect 3y.
balance

post-acute:
mean 33 d.
+ 5 d. after
stroke

Intervention: visual feedback vs conventional therapy
for balance retraining following stroke
E: standing balance retraining using the Balance
Master as force plate, tasks aimed at attaining
symmetrical weight distribution, shifting the CoG
towards the perimeter of LoS. Progression also
included tasks such as reaching and stepping in place
C: conventional PT balance training based on
symmetrical weight distribution, weight shifting,
reaching and finally performing functional activities
challenging balance was followed
Feedback-characteristics: visual feedback; shifting a
cursor representing the CoG within theoretical LoS
Intensity: 30 min/d for 5 d/wk (minimum 2 wk) as
inpatients and 2 d/wk as outpatients for maximum of 8
wk (average of 19 sessions)
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N (E/C)
Age
+ SD

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

Domain: Standing balance
Subdomain: Visual feedback (VF) and Balance platform [E.5]
Study
Design
(reference+
publication year)

(Primary) Outcome

3
failure at the
questions:
2,3,5,6,7,8,9

5
failure at the
questions:
3,5,6,7,9

4
failure at the
questions:
3,5,6,7,8,9

?
failure at the
questions:

6
failure at the
questions:
3,5,6,9

Methodological
quality**

KNGF-richtlijn Beroerte - Map I.2

Conclusions (author)

Significant improvements were seen in the
Sackley & Lincoln RCT
26 (13 / 13)
Yes
Intervention: feedback training at balance platform vs Stance symmetry and
mean: type: all
sway (NBP), RMA and
treatment group in measures of stance
1997
able to stand for 65.7y +
placebo programme. First 20 min (preparation for
NEAI
symmetry and sway and motor and ADL
1 min. and with 11.4y, post-acute:
standing) and third 20 min. (practising new skills)
range mean 19.5
functions. Between group differences had
stance
were for both groups the same
41-85y wk + 17.4 wk
disappeared at 3 mo.
asymmetry
E: Middle 20 min: visual feedback based on BWD in measured at 4 and 12
wk after baseline
after stroke,
stance at balance platform ( 2 changing columns)
range 4-63
C: Middle 20 min: same activities but with placebo
24 completed
visual feedback (2 unchanging columns)
wk
the study (8%
Intensity: 3 d/wk 60 min for 4 wk (12 sessions), the
drop-outs)
middle 20 min differed between the groups.
Static standing ability,
?
Intervention: BF balance training + PT vs PT
Lin & Chung 1998 RCT
10 ( 5 / 5)
mean: type: ?
The subjects with BF training showed
standing symmetry,
56.9 y.,
E: visual feedback to achieve symmetrical weight
significant improvement in static standing
locomotor performance, ability than those subjects without the
bearing on balance platform plus conventional PT.
range chronic:
gait pattern and interlimb feedback training.
C: conventional PT
38-73y mean 17.5
Feedback-characteristics: ?
coordination
mo + 11mo
after stroke
Intensity: 1 mo
measured after 4 wk
Walker et al. 2000 RCT
46 (16/16/14),
Yes
Intervention: visual feedback + regular PT+OT vs
Postural sway
mean: type: ??
No between-group differences were
could stand
balance exercises + regular PT+OT vs regular PT+OT measurements (Balance detected in any of the outcome measures.
64.5y. first stroke
unassisted for 1 +12.2y.
E: E1: visual feedback while moving their CoG
Master), BBS, TUG, gait Visual feedback or conventional balance
range post-acute:
(Balance Master); E2: conventional therapy with
minute
speed
training in addition to regular therapy
30-85y. mean 39 d.
verbal and tactile cues to encourage symmetrical
affords no added benefit when offered in
after stroke,
stance and weight shifting.
46 of 54
measured at discharge the early stages of rehabilitation following
range 8-80d.
Feedback-characteristics: visual feedback-moving
submitted to the
or after 8 wk, whichever stroke
their CoG and observed corresponding cursor at
study (15%
came first and follow up
computer screen (Balance Master).
drop-outs)
1 mo later
C: regular therapy (PT and OT)
Intensity 3 groups 2 hrs/d;E1+E2:additional balance
training 5 d/wk 30 min/d for 3-8 wk or until discharge.
TUG and BBS
Although both groups demonstrated
Geiger et al. 2001 RCT
13 ( 7 / 6)
Yes
Intervention: additional visual BF/ forceplate training
mean: type: ??
improvement following 4 weeks of PT
could stand with 60.4 y.
and PT vs PT (balance and mobility training)
interventions, no additional effects were
or without
E: stability and balance training with visual feedback measured after 4 wk
+15.4 post-acute:
y.
mean 116 d.
on Balance Master (PT 35 min and BF 15 min)
found in the group that received visual BF/
device for at
range + 149d. after
C: standard PT, including improving muscle force,
forceplate training combined with other
least 2 min.
ROM, balance and mobility (50 min)
30-77y. stroke, range
PT.
15-538d.
Intensity: 2-3d/wk a session of 50 min during 4 wk
CCT
Winstein et al.
CCT
42 (21 / 21)
Yes
Intervention: additional standing balance training with CoP and gait parameters Standing feedback trained subjects
mean: type: ?
1989
able to stand
feedback device+PT vs PT. Both groups received the- (velocity, stride length,
52.9 y.
demonstrated a more symmetrical
without external + 3.3y. post-acute:
rapeutic exercises incl. sitting balance, coordination, duration and cadence)
habitual and instructed-even standing
mean 7 wk.
support for at
motor control, strengthening and functional training.
posture after treatment than did the
+ 0.9 wk.
least 30 s.
E: balance training with feedback device
measured after 3-4 wk
control group, but without a
after stroke
C: participated in routine standing balance and
correspondingly greater improvement in
34 completed
weight-shifting training
locomotor performance, gait pattern or
the study (19%
BF-characteristics: visual display system for feedback
coordination.
of information about distribution of weight between the
drop-outs)
2 force plates
Intensity: both groups 5d/wk for 90 min during 3-4 wk.
In which E trained 30-45 min with feedback device
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Muscle strength
Subdomain: Strength and Endurance training [E.6]

N (E/C)
Age
+ SD

77 (28 / 23/ 26), mean:
unable to walk, 56 y
completed the
study (44%
drop-outs)

20 (10 / 10)

19 (10 / 9)

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

Intervention: progressive resistance exercises in
addition to functional training and selective stretching
vs functional training and selective stretching
E: progressive resistance exercises: mass extension
of involved lower limb in supine position on Elgin-table
(5 repetitions at one-half max and 10 at max weight.
C: functional training and selective stretching
Intensity: 5x/wk during 4-8 wk

Yes

post acute:
< 3 mo after
stroke

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

(Primary) Outcome

4
failure at the
questions:
5,6,7,8,9,11

Walking velocity and step length tended to
improve more with Kinetron training than
with traditional training alone, the
difference between the groups was not
statistically significant.

Both groups showed equal progress after
the 5-wk training period. No significant
difference between groups in rate of
ambulation between the groups

3
failure at the
questions:
3,4,5,6,9,10,
11

4
failure at the
questions:
3,5,6,7,8,9

Conclusions (author)

Leg extension strength Patients who received progressive
and ADL
resistance exercises showed made a
significant improvement in ADL and the
measured at 1 and 2 mo greatest improvement took place in the
after start intervention
first month.

Intervention: additional strength training (Kinetron)
and PT vs PT
E:
C:
Intensity: 90 min; 5x/wk during 2 wk

FAP and TMW
Intervention: isokinetic training (Kinetron) vs
conventional exercises
E isokinetic training with Kinetron with legs;
C: conventional therapeutic exercise program and gait
training
Intensity: 2x/wk during 5 wk

Yes

Intervention: aerobic exercises and muscle
(comfortable) walking
speed, muscle strength
strengthening vs no therapy
E: aerobic exercises and muscle strengthening for LE (Cybex II), spasticity
C: no intervention
Intensity: 3 d/wk; 60-90 min during 10 wk

The combined program of muscle
strengthening and physical conditioning
resulted in gains in all measures of
impairment and disability. These gains
were not associated with measurable
changes of spasticity in either quadriceps
or ankle plantar flexors.
The treatment of the lower limb based on
force feedback produces an improvement
of gait velocity
FMA, 2 min walk,
walking speed, TUG

Self-selected and max
walking speed, step
length and interlimb
phasing

Yes

Intervention: force-feedback program LE vs forcefeedback program UE
E: force-feedback program LE
C: force-feedback program UE
Intensity:

6
failure at the
questions:
3,5,6,9

6
failure at the
questions:
5,6,7,9

3
failure at the
questions:
3,4,5,6,7,8,9

Yes

FMA, EMG (eccentric
and concentric), BWD
ans self-selected and
max. walking speed

Changes in walking variables were not
significantly different between the groups.
Eccentric knee extensor training was thus
found to have some advantages as
compared to concentric training in stroke
patients

Intervention: eccentric isokinetic training vs concentric
isokinetic training
E : eccentric isokinetic training
C: : concentric isokinetic training
Intensity: 2x/wk during 6 wk

mean: type: MCA- No
y + y, infract
range
40-75y postacute:
mean >3 and
< 6mo
after stroke
mean: type:
No
59 y,
range subacute:
38-72 y mean
after stroke
type:
chronic:
mean 8y +
11y after
stroke
type: first
CVA
chronic:
mean 36 mo
after stroke

mean: type: all
63 + 7y

mean:
46 y +
14 y

13 (6 / 7),
mean:
with weakness 67 y +
and/or spasticity 9y
in LE

25 ( 12 / 13)

20 (10 / 10)

type: all, but
SAH
excluded

Grades of Recommendation: 1+2+3

RCT

Study
Design
(reference+
publication year)
STRENGTH
training
Inaba et al. 1973

RCT

RCT

Glasser et al. 1986 RCT

Lindsley et al.
1994

Teixeira-Salmela
et al. 1999

Bourbonnais et al. RCT
2002

CCT’s
Engardt et al. 1995 CCT

chronic:
mean 27 mo
after stroke
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N (E/C)
Age
+ SD

Ext.
Characteristics of intervention
val.*
yes/no

27 (12 / 15)

mean: types: all
No
61.6 y,
range chronic:
35-80 y mean 8.4 wk
after stroke,
range 3-19
wk

iCVA

Intervention: additional repetitive training vs TENS
E: repetition of identical arm movements by squeezing
2 metal bars separated from each other by a variable
number of springs.
C: additional TENS at m. extensor carpi ulnaris ; 0.08
ms spike/wave pulses at 85 Hz (intensity 45-105 mA)
Intensity: both groups received 45 min/d NDT and 3-5
hrs/wk OT;
E: additional arm training 5x/wk; 2x/d 15 min each
period during 2 wk;
C: additional TENS 5x/wk; 2x/d 15 min during 2 wk

mean:
69.1 y
sub-acute:
mean 10 d +
1.9 d after
stroke

chronic:
> 6 mo after
stroke
type: all
pos acute:
mean 61 d.
after stroke
type: all
chronic:
mean 1.8 y +
0.8 y. after
stroke

Yes

Yes

mean:? type: all
No
y + y, except brain
range stem lesions
43-72 y

mean:
67 y +
8y

12 ( 6 / 6 )
mean:
able to walk
64.3 y
10m.
+ 7.2 y
independently
with or without
assistive device

20 (10 / 10)

42 (19 / 23)

27 of 215
patients
submitted

27 (10/8/9)

Yes

Type of
stroke

Domain: Muscle strength
Subdomain: Strength and Endurance training [E.6]

RCT

RCT

CCT

Study
Design
(reference+
publication year)
Bütefisch et al.,
1995

ENDURANCE
training
Richards et al.
1993

Potempa et al.
1995

RCT

Duncan et al. 1998 RCT

Dean et al. 2000

Intervention: Intensive Treadmill gait training vs
Routine conventional, not intense therapy
E: early, intensive therapy on a treadmill
C: two control groups: C1: early, intensive and
conventional therapy and C2: routine conventional,
not intense therapy
Intensity: E: 2 session/day (time: 1,74+ 0,15 hrs/d),
C1: 2 sessions/day (time: 1,79 + 0,10 hrs/d), without
locomotor activities and C2: 1 session/day (time: 0,72
+ 0,10 hrs/d). During 5 wk for all groups.
Intervention: cycle ergometer vs passive exercises
E cycle ergometer; during first 4 wk of the program
the training load was gradually increased from 30%50% of max effort to highest level attainable for last 6
wk of training.
C: passive exercise for ROM to body joints in a
systematic procedure
Intensity: 3x/wk; 30 min; during 10 wk
Intervention: ‘home-based’ exercise program vs usual
care
E: ‘home-based’ exercise program: PNF and elastic
band exercises, balance exercises and walking
C: usual care as prescriped by their physicians
Intensity: 90 min; 3x/wk during 8 wk
Intervention: evaluate the immediate and retained
effects of a training program on the performance of
locomotor-related tasks in chronic stroke
E: practice at a series of workstations (strengthen the
muscles of affected leg) as well as participating in
walking races and relays with other members of the
group.
C: same workstation training, but training was
designed to improve function of the affected upper
limb and was considered ‘sham ’lower limb training
Intensity: 3d/wk for 1 hrs during 4 wk
9 (5 / 4 )
completed the
study (25%
drop-outs)

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2
(Primary) Outcome

4
failure at
questions:
3,5,6,7,9,10

Conclusions (author)

Grip strength, rapid
Grip strength, peak force of isometric
isometric and isotonic
hand extensions, peak acceleration of
hand extension and
isotonic hand extensions as well as
RMA
contraction velocities as indicators of
motor performance significantly improved
measured at 2 and 4 wk during the training period.
after start intervention

5
failure at
questions:
3,5,6,8,9

5
failure at the
questions:
5,6,7,8,9

7
failure at the
questions:
5,6,7

4
failure at the
questions:
3,5,6,7,8,9

FMA, BI, BBS and FMW Early muscle and early gait retraining
facilitated gait recovery; no differences
between conventional groups
measured at 6 wk

RHR (bpm), MHR (bpm), Hemiparetic stroke patients may improve
Metabolic parameters
their aerobic capacity and submaximal
(VO2, VCO2, VE, RER),
exercise blood pressure response with
SBP, Exercise time and training. Sensimotor improvement is
Workload (rpm)
related to the improvement in aerobic
capacity.
measured at2 and after
start intervention
FMA, BI, LI-ADL, TMW, A ‘home-based’ exercise program is
6 min walk, BBS and
feasible and effective to improve strength,
JTHF
balance, endurance and bimanual
activities.

TMW, 6 minute walk,
The experimental group demonstrated
TUG, step test and sit-to- significant immediate and retained (2stand
month follow-up) improvement compared
with control group in walking speed and
measured at 4 wk and 2 endurance, force production through the
mo after the training
affected leg during sit-to-stand and the
(follow-up)
number of repetitions of the step test.
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35 (18 / 17)

N (E/C)

mean:
53 y +
8y

Age
+ SD

9 (5 / 4)

Ext.
Characteristics of intervention
val.*
yes/no

(Primary) Outcome

A supervised exercise training program for 5
stroke survivors was highly effective in
failure at the
improving overall fitness.
questions:
3,5,6,7,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Type of
stroke

Yes

Workload, peak VO2,
muscle strength (UE +
LE) and S&R

Conclusions (author)

type: all

Intervention: exercise program vs no therapy
E: exercise program based on improving
cardiovascular endurance (i.e. treadmill), muscle
strength (i.e. stepper) and flexibility
C: no intervention
Intensity: 60 min; 3d/wk during 12 wk

type: ?

chronic:
> 6 mo after
stroke

No

The results suggest aerobic cycle training
was a more effective approach, than taskrelated strength training, for improving
walking endurance in chronic stroke
patients

4
failure at the
questions:
3,5,6,7,9,10

6 min walk, self-selected
and maximal gait
velocity, VO2 peak and
max isometric leg
muscle strength

Domain: Muscle strength
Subdomain: Strength and Endurance training [E.6]
Study
Design
(reference+
publication year)
Rimmer et al. 2000 RCT

CCT’s
CCT

mean:
57 y +
11 y

Intervention: endurance training vs exercise training
E aerobic cycle training
C: task-related strength training
Intensity: 30 sessions over an 8-10 wk period

chronic:
mean > 6 mo
after stroke

measured at baseline,
before training and
within 2 wk of training
completion
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Kelly et al. 2002

*
**
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Domain: Walking
Subdomain: Body Weight Supported - Treadmill Training (BWSTT) [E.7]

N (E/C)
Age
+ SD
-

Type of
stroke

-

Ext.
Characteristics of intervention
val.*
yes/no

-

(Primary) Outcome

KNGF-richtlijn Beroerte - Map I.2

Conclusions (author)

Methodological
quality**

Overall, no statistically significant effect of treadmill training and body weight support
was detected. However, among people
who could walk independently, treadmill
training with body weight support
appeared to be more effective than other
interventions at improving walking speed,
but this conclusion was not robust.

Walking speed,
dependency in walking

-

Evaluating the research evidence for the effectiveness Gait velocity, gait
Although treadmill retraining of gait,
of treadmill retraining of gait after stroke
endurance, balance and especially with PBWS, might improve gait
motor recovery
parameters and functional mobility, unless
treadmill retraining is directed at improving
gait speed it might be no more effective
than conventional PT at improving gait
parameters. This review suggests that
there is little evidence as yet to justify
changing clinical practice in favour of
treadmill retraining of gait after stoke.

Walking speed

Retraining gait in patients with stroke
BBS, STREAM, TMW,
while a percentage of their body weight
Over-ground walking
was supported resulted in better walking
endurance
abilities and a sustained advantage, than
Assessments performed gait training while patients were bearing
at 6 wk after start and at their full weight
3 mo after training
(follow-up)

5
failure at
questions:
3,5,6,8,9

The effect of locomotor training using
BWS will lead to a more comprehensive
and integrative approach in the
development of rehabilitation approaches.

Evaluating treadmill with and without BWS

Yes

Intervention: Treadmill gait training with BWS vs
Treadmill gait training without BWS
E: initially 73% of patients using 30% - 40% BWS,
progressively decreased till 0%
C: 0% BWS
Intensity: 4d/wk, max. 20 minutes, during 6 wk

-

To assess the effectiveness of treadmill training with
AND without BWS in the treatment of walking after
sroke

-

Visintin ‘98
Scheidtmann’99
Kosak ‘00
Nilsson ‘01
Cunha Filho ‘01
Pohl ‘02

-

n = 4 RCT’s
Visintin ‘98
Kosak ‘00
Nilsson ‘01
Cunha Filho ‘01
1 CCT :
Trueblood 2001
3 single case st:
Hesse 1994
Hesse 1995
Miller 2001

n = 5 RCT’s
Visintin ‘98
Kosak ‘00
Nilsson ‘01
Laufer ‘01
Sullivan ‘02
1 pre-exp :
Lennon ‘02

-

n = 6 studies
BWSTT
(n=343)

Grade of Recommendation: 1

SR

Study
Design
(reference+
publication year)
Moseley et al.
2003

CR

Manning&Pomeroy SR
2003

Barbeau 2003

Visintin et al. 1998 RCT

post-acute:
mean 73 d
after stroke;
range: 27148 d

100 (50/50),
mean: Fist stroke
21% drop-outs, 67.3 y + type: ?
11.7 y
79 (43/36)
completed the
study
100 of 375 patients submitted
in study
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N (E/C)
Ext.
Characteristics of intervention
val.*
yes/no

Type of
stroke

Age
+ SD

Yes

post-acute:
mean 40 d
+ 3 d after
stroke

sub-acute:
mean 15.7 d
after stroke
+ 7.7 d

Type: ?

Yes

mean: First stroke, Yes
55 y,
all types
range
24-67 y sub-acute:
mean 19 d
after stroke,
range 8-56 d

mean:
57.8 y
+ 5.6 y,
range
44-75 y

(Primary) Outcome

Over-ground walking
endurance (max.
distance until fatigue)
and speed (2min walk)
Measured at 2-wk
intervals during the study
(2, 4, 6 wk)

Methodological
quality**

KNGF-richtlijn Beroerte - Map I.2

Conclusions (author)

4
failure at
questions:
3,5,6,7,9,11

6
failure at
questions:
3,5,6,11

5
failure at
questions:
3,5,6,8,9

4
failure at
questions:
3,5,6,8,9,11

7
failure at
questions:
5,6,9

PBWSTT and ABAW are equally effective
gait training techniques except for a
subset of patients with major hemisferic
stroke who are difficult to mobilize using
ABAW alone

Significant improvement was found in
oxygen consumption during bicycle
ergometry in the STAT intervention group
compared to the regular therapy group.
No other significant benefits in other
physiologic or functional measures were
found
Training at speeds comparable with
normal walking velocity was more
effective in improving SSV than training at
speeds at or below the patient’s typical
overground walking velocity.

FIM, TMW, FAC, FMA
Treadmill training with BWS at an early
and BBS,
stage of rehabilitation after stroke is a
comparable choice to walking training on
Assessments performed the ground
at discharge and at 10mo follow-up

measured after the 6th
and 12th session and at
the 1- and 3-mo followup

Measured at discharge
(2-3 wk after start
training)
TMW

Intervention: Supported treadmill ambulation training Oxygen consumption,
(STAT) vs Regular gait training on the ground
total workload and total
E: initially 30% BWS, progressively decreased till 0% time pedalling the bike
C: regular gait training on the floor
Intensity: 5 d/wk; 20 minutes until discharge usually
2-3 wk (minimal of 9 sessions)

Intervention: Treadmill gait training with BWS vs gait
training according the MRP
E: initially 64% of patients using 30-64% BWS,
gradually reduced till 0%
C: gait training according to MRP on the ground
Intensity: 5 d/wk, 30 minutes; median treatment time:
67 d (range 3-19 wk)

Intervention: PBWSTT and PT vs traditional gait
training (using knee-ankle combination bracing and
hemi-bar if needed) and PT
E: initially 30% BWS, progressively decreased till 0%;
mean 12.5 treatment sessions
C: aggressive bracing assisted walking (ABAW) on
the floor using a KAFO or AFO and rigid hemi-bar.
Intensity: 5 d/wk; max. 45 minutes gait training and 45
min. traditional PT, during 6 wk

56 (22/34)

73 (36/37)
8% drop-outs,
66 (32/34)
completed the
training,
and
60 (28/32)
completed the
follow-up
15 (8/7)
20% drop-outs,
12 (6/6)
completed the
study

mean: First stroke,
71 y + all types
2 SEM

Domain: Walking
Subdomain: Body Weight Supported - Treadmill Training (BWSTT) [E.7]

RCT

Design
Study
(reference+
publication year)
Kosak et al. 2000

RCT

multicentre
design

Nilsson et al. 2001 RCT,

Da Cunha et al.
2001

Sullivan et al. 2002 RCT

24 (8/8/8)
mean: types: mca or Yes
17% drop-outs, 67 y + basilar artery
12 y,
20 (6/6/8)
completed the range chronic:
34-81 y mean 25.8
follow-up
mo after
stroke + 16
mo

Intervention: BWSTT at different walking speeds
E: two experimental groups E1: walking at fast speed:
0.89 m/s and E2: walking at variable speeds: 0.22
m/s, 0.45 m/s, 0.67 m/s and 0.89 m/s
C: walking at slow speed: 0.22 m/s
All groups: initially: mean 34% BWS in first session,
progressively decreased till mean 13% in 12th
session
Intensity: 12 sessions over a 4-5 wk-period; each
session included four 5-minute walking bouts, total
time each session is 20 minutes

PBWS treadmill may help normalize gait
Temporal gait
Trueblood 2001
CCT
13 (8/5)
mean: types: ?
No
Intervention: Treadmill gait training with PBWS and
parameters, EMG, TBT, and improve balance in the person with
61.7y +
facilitation / feedback vs Treadmill gait training with
10.8 y chronic:
TGT and SMW
chronic stroke
PBWS and no facilitation / feedback
mean 9.8 mo
E+C: initially max.40% BWS, gradually reduced till 0%
Intensity: 3x/wk: max. 75 min. per session during 8 wk Measured at the end of
after stroke;
the 8-wk training
range 4.519.6 mo)
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Walking
Subdomain: Treadmill training without Partial Body Weight Support [E.8]

Type of
stroke

-

Ext.
Characteristics of intervention
val.*
yes/no

N (E/C)

-

Evaluating treadmill with and without BWS

Intervention: Intensive Treadmill gait training vs
Intensive conventional therapy vs Routine
conventional, not intense therapy
E: early, intensive therapy on a treadmill and E2:
early, intensive and conventional
C: two control groups: C1: early, intensive and
conventional therapy and C2: routine conventional,
not intense therapy
Intensity: E: 2 session/day (time: 1,74+ 0,15 hrs/d),
C1: 2 sessions/day (time: 1,79 + 0,10 hrs/d), without
locomotor activities and C2: 1 session/day (time: 0,72
+ 0,10 hrs/d). During 5 wk for all groups.
Intervention: Treadmill re-training vs conventional PT
E+C: 4 wk baseline period and then in cross-over
design, 4 wk of treadmill re-training and 4 wk of
conventional physiotherapy (randomised order)
Intensity: 3d/wk; each session lasting up to 60 min.
during 12 wk (3 x 4-wk-period)

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

5
failure at
questions:
3,5,6,8,9

Walking speed

FMA, BI, BBS and FMW Early muscle and early gait retraining
facilitated gait recovery; no differences
between conventional groups

7
failure at
questions:
3,5,6

measured at 6 wk

No difference between the effects of
SST, TMW, OLST,
conventional physiotherapy and treadmill
NHPT and EADL,;
re-training on the gait of patients with
Measured weekly during higher-level gait disorders associated with
the 12-wk study-period cerebral multi-infarct states
and at 6 wk after ending

The effect of locomotor training using
BWS will lead to a more comprehensive
and integrative approach in the
development of rehabilitation approaches.

To assess the effectiveness of treadmill training with Walking speed,
Overall, no statistically significant effect of AND without BWS in the treatment of walking after
dependency in walking treadmill training and body weight support
sroke
was detected. However, among people
who could walk independently, treadmill
training with body weight support
appeared to be more effective than other
interventions at improving walking speed,
but this conclusion was not robust.
Evaluating the research evidence for the effectiveness Gait velocity, gait
Although treadmill retraining of gait,
of treadmill retraining of gait after stroke
endurance, balance and especially with PBWS, might improve gait
motor recovery
parameters and functional mobility, unless
treadmill retraining is directed at improving
gait speed it might be no more effective
than conventional PT at improving gait
parameters. This review suggests that
there is little evidence as yet to justify
changing clinical practice in favour of
treadmill retraining of gait after stoke.

n = 5 studies
withouit BWSTT

Yes

Yes

-

-

iCVA
sub-acute:
mean 10 d +
1.9 d after
stroke

mean: all types
79.1 y
+ 6.8 y chronic:
days after
stroke: ?

mean:
69.1 y

-

-

Richards 1993
Liston 2000
Dean 2000
Laufer 2001
Ada 2002
n = 2 RCT’s
Laufer 2001
Pohl 2002
2 single case st:
Waagfjord 1990
Kendrick 2001

n = 5 RCT’s
Visintin ‘98
Kosak ‘00
Nilsson ‘01
Laufer ‘01
Sullivan ‘02
1 pre-exp :
Lennon ‘02
27 (10/8/9)
27 of 215
patients
submitted

18 (8/10)

-

-

Age
+ SD

Grades of Recommendation: 1+2

SR

Study
Design
(reference+
publication year)
Moseley et al.
2003

RCT,

RCT

CR

Manning&Pomeroy SR
2003

Barbeau 2003

Richards et al.
1993

Liston et al. 2000

A-B crossover
design
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Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

Intervention: Treadmill gait training vs conventional
gait training
E: two experimental groups: E1: speed-dependent
treadmill training (STT) and E2: limited progressive
treadmill training (LTT)
C: conventional gait training (CGT)
Intensity: All groups + 3x/wk, 30-45 min. during 4 wk
(total 12 training sessions)

Intervention: Treadmill training without PBWS vs Floor
walking without PBWS
E+C: gait training at a comfortable speed
Intensity: 5d/wk during 3 wk (=15 sessions); 4-8
minutes (excluding rest periods)

Yes

post-acute:
mean:
34.2 + 19.3 d
after stroke
iCVA +
hCVA

Yes

First stroke:
iCVA and
hCVA

Domain: Walking
Subdomain: Treadmill training without Partial Body Weight Support [E.8]
N (E/C)
Age
+ SD

RCT

29 (15/14)
mean:
14% drop-outs, 68 y
25 (13/12)
+7.7 y
completed the
study;
29 of 71patients
submitted in the
study

Study
Design
(reference+
publication year)
Laufer et al. 2001

60 (20/20/20)

mean:
59 y +
11.7 y

RCT
60 of 81
patients
submitted
post-acute:
mean 16 wk
after stroke +
18.5 wk

(Primary) Outcome

FAC, SBT, TMW and
gait parameters (stride
length, % of swing and
stance periods)
measured twice at 3 wk
interval (pre- and post
intervention)
TMW, cadance, stride
length and FAC
measured after 2 wk and
at the end (4 wk)

Acute stroke patients with very limited gait
abilities are well able to tolerate treadmill
training without the use of BWS and
treadmill training may be more effective
than conventional gait training for
improving some gait parameters

Conclusions (author)

6
failure at
questions:
3,5,6,9

6
failure at
questions:
3,5,9,11

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Structured STT (Interval training) in post
stroke patients resulted in better walking
abilities than LTT or CGT

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Pohl et al. 2002

*
**
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Domain: Walking
Subdomain: FES [E.9]

N (E/C)

FES vs no FES

Ext.
Characteristics of intervention
val.*
yes/no

n = 4 RCT’s
n = 132 patients

The study of Bowman evaluates the effect of FES at
wrist extension, so Bowman is excluded in this table

Type of
stroke

Bowman (1979)
Winchester (1983)
Merletti (1978)
Levin (1992)

A review of the literature published on common
peroneal nerve stimulation for the correction of
dropped foot

sub-acute
mean 26d,
range 11-45d

chronic:
mean
16 of 36
patients > 1y
after stroke
type: all
Yes

n = 2 RCT’s
n = 81 patients

mean:
67y +
9y,
range
42-80y

Yes
mean: type : ?
56.1y +
13.6y, post-acute :
range mean 4.5 mo
14-80y + 3.3 mo
after stroke,
range 1-15
mo
mean: type: iCVA
Yes
55.3y and hCVA
(SD:?)

Age
+ SD

Grade of Recommendation: 1

CR

SR

Study
Design
(reference+
publication year)
Glanz et al. 1996

Burridge et al.
1998

Chae and Yu 1999 CR
Using the
studies and
data of Glanz et
al. 1996

Merletti1978
Burridge 1997
and 2 reviews,
6 case-studies,
1 cross-over;
2 retrospective and
1 control study

Merletti et al. 1978 RCT

49 (24/25)
limited or
absent
spasticity of
plantar flexors

RCT

Cozean et al. 1988 RCT

Macdonell et al.
1994

36
11% drop-outs,
32 (8/8/8/8)
completed the
study,
with spastic,
equines
problems
38 (20/18)
with ankle
dorsiflexion
weakness:
MRC < 4

Intervention: Additional FES and PT vs PT
Intensity: FES: 20 minutes/day for 6d/wk
traditional PT (Kabat + Bobath techniques) for 1 hrs/d
FES-characteristics: pulse duration 300 μs and
pulses frequency was 30Hz; stimulation time was 1.5
s. ON and 3 s. OFF
Electrodes: stimulation of peroneal nerve applied
during walking or while sitting;
Intervention: 4 randomly divided groups receive either
control (=standard PT),FES, BF or combined FES/BF
Intensity: All therapies: 3x/wk 30 minutes, during 6 wk;
BF/FES-group: 15 minutes BF and 15 minutes FES
FES-characteristics: ?
Electrodes: (FES): stimulation of anterior tibialis
during swing phase and gastrocnemius during stance
phase
Intervention: Additional FES and PT vs PT
Intensity: FES: 5d/wk, max. 30-40 min/d, combined
with exercise or functional activities 3 d/wk for 20 min.
for 4 weeks and C: self-exercise program 5 d/wk and
exercise or functional activities 3 d/wk for 20
min.(4wk)
FES-characteristics: pulse duration 300 μs and
pulses frequency was 30-50Hz; stimulation cycle was
10s. ON and 30s. OFF
Electrodes: stimulation applied at peroneal nerve

(Primary) Outcome

Conclusions (author)

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

FES promotes recovery of muscle
strength after stroke. This effect is
statistically significant

5
failure at the
questions:
3,5,6,8,9

6
failure at the
questions:
3,5,6,9

4
failure at the
questions:
3,5,6,7,8,9

It is not clear what proportion of patients
might benefit from functional electrical
stimulation. There is, however, agreement
that those who respond well experience
sufficient improvement in the speed and
quality of walking to increase
independence significantly.

Ankle dorsiflexion torque FES induced recovery of muscle force in
(Nm)
hemiparetic subjects.
measured twice a week
during 4 wk treatment

Gait analysis:
Combined therapy with BF and FES
measurements of mean resulted in improvements in gait.
knee angle, ankle angle,
cycle time and stride
length

measured bi-wk + 4wk
after ending treatment
BI, FMA-lower extremity Although this study found no conclusive
and FAC
evidence of benefit of FES plus physical
therapy over physical therapy alone, the
increased rate of improvement in FEStreated patients is potentially significant
measured at 4 and 8 wk and suggests that longer periods of
treatment and follow-up may be required
to demonstrate a therapeutic effect.
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20 (10/10)
could stand
independently
or with the aid
of a therapist

N (E/C)

mean :
56.3y +
10.3y
range
38-75y

Age
+ SD

Domain: Walking
Subdomain: FES [E.9]
Design
Study
(reference+
publication year)
Bogataj et al. 1995 RCT

RCT

Ext.
Characteristics of intervention
val.*
yes/no

Conclusions (author)

6
failure at the
questions:
5,6,7,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2
Type of
stroke

Yes

The superiority of the MFES method as
compared with conventional therapy was
mainly attributed to the enhanced motor
learning accomplished of MFES. These
results, however, are preliminary, and
further research is needed.

6
failure at the
questions:
4,5,6,7

(Primary) Outcome

type : ?

Intervention: MFES vs conventional therapy;
Gait speed, stride length,
one group started with MFES for 3 wk and continued gait cadence and FMA
conventional therapy and the other group had the
measured at 3 and 6 wk
reverse sequence of therapies
Intensity: one therapy session per day (0.5-1hrs),
5x/wk during 6 wk
FES-characteristics: stimulation sequence of the
whole cycle: range 1-5 s.; repeated stimulation pattern
of a 3s. stimulation train and 1 s. pause; pulse
duration of 200 μs and frequency of 30Hz, max
stimulation was limited to 50mA
Electrodes: stimulation to peroneal nerve, soleus,
hamstrings, quadriceps femoris, gluteus maximus and
optionally triceps brachii;

Walking was statistically significantly
improved when the ODFS was worn but
no “carry-over” was measured. PT alone,
in this group of subjects with established
stroke did not improve walking

post-acute :
mean 110d +
64d after
stroke

Yes

Intervention: Additional FES and PT vs PT
TMW and PCI
Intensity: FES: min/d: ? , during 12-13 wk
measured at 4-5 wk and
PT: 10 sessions of 1 hrs during first month of trial
FES-characteristics: asymmetrical, biphasic pulses of at 12-13 wk
300 μs duration at a frequency of 40Hz; stimulation
parameters (ramp, timing duration and output levels)
individually adjusted.
Electrodes: the stimulator is the ODFS; stimulation
applied at peroneal nerve

33
mean: type: ?
0.3% drop-outs, 57y
32 (16/16)
+11.5y chronic:
mean 4.5y
completed the
after stroke
trial,
(SD:?)
drop foot and
able to walk
10m
33 of 51
submitted study

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Burridge et al.
1997

*
**
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Domain: Walking
Subdomain: EMG and Biofeedback [E.10]

Grade of Recommendation: 1
(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

N (E/C)
Ext.
Characteristics of intervention
val.*
yes/no

Methodological
quality**

Type of
stroke

-

Age
+ SD

EMG/BF may be a useful therapy for
stroke patients, but unproven.

-

Determine whether EMG/BF improves function after
stroke

-

Gait analysis, gait cycle
time and need for
ambulation aids

-

Results of pooling available RCT’s do not
support the efficacy of biofeedback in
restoring ROM in hemiparetic joints

-

-

Additional BF-therapy was applied to a paretic limb vs ROM
standard PT

-

(in SR totally 8
RCT’s, 4 of UE)

-

-

Addition of BF significantly increased
ROM and strength of ankle dorsiflexion

3
failure at the
questions:
3,4,5,6,7,9,
10

-

n = 4 RCT’s
n = 70 patients

Basmajian et al.‘75
Burnside et al. ‘82
Wolf et al. ‘83
Cozean et al. ‘88

(in SR totally 8
RCT’s, 2 of UE)

n = 6 RCT’s;
n = 94 patients

Hurd et al. ‘80
Basmajian et al.‘75
Cozean et al. ‘88
Mulder et al. ‘’86
Mandel et al. ‘90
John ‘86

n = 8 RCT’s
n = 116 patients

Ankle AROM, ankle
strength, gait quality
measured after 5 wk
treatment

6
failure at the
questions:
3,5,6,9

EMG/BF improving ankle dorsiflexor
strength, but ankle ROM and stride length
had small effect sizes and were not
statistically significant

No
20 (10/10)
mean: type: ?
with drop foot
50.7 y.,
following stroke range chronic:
30-63y. mean 33.6
mo after
stroke, range
4-120 mo.

AROM and muscle
activity
measured at 2 wk after
start treatment

No significant differences was found
between actual EMG/BF and simulated
EG/BF in AROM, measured in degrees,
and muscle activity, measured in
microvolts.

EMG/BF vs conventional physiotherapy for improving Ankle ROM, gait quality,
LE function in stroke patients
ankle muscle strength,
stride length, gait speed
and ankle angle during
gait

RCT

24 (12 / 12)

Basmajian et al.‘75
Binder et al. ‘81
Burnside et al. ‘82
John’86
Mulder et al. ‘’86
Cozean et al. ‘88
Colborne et al. ‘93
Intiso et al. ‘94

RCT

SR

SR

SR

Study
Design
(reference+
publication year)
Schleenbakker&
Mainous 1993

NB
Burnside =quasi
Wolf = quasi
Glanz et al. 1995

Moreland et al.
1998

Basmajian et al.
1975

Hurd et al. 1980

Yes
mean: type: ??
57.6 y
+ 18.7y postacute:
mean 77d. +
56d. after
stroke

Intervention: additional EMG/BF and PT vs PT
E: additional EMG/BF training plus gait training
C: gait training
EMG/BF-characteristics: audio- and visual feedback
with patient seated in chair and knees in varying
positions.
Intensity: 3d/wk; 40 min/session during 5 wk (15
sessions)
Intervention: actual EMG/BF vs simulated EMG/BF
E: received actual EMG/BF; visual and audio
feedback to produce contractions of m. anterior tibialis
C: simulated (placebo) EMG/BF (same conditions)
EMG/BF-characteristics: audio feedback was given in
the form of a constant pitched tone. Visual feedback
in the form of a voltmeter whose scale of deflection
could be adjusted to correspond to the range of the
patients responses.
Intensity: 5d/wk; 20 min in 10-15 trials during 2 wk
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N (E/C)

Age
+ SD

type: all

Type of
stroke

No

Characteristics of intervention
Ext.
val.*
yes/no

chronic:
mean 32 mo.
+ 24.3 mo.
after stroke

type: ?
chronic:
> 16 mo after
stroke
mean: ?

mean: type: iCVA
58.5 y. and hCVA
+11.5y.
post-acute:
mean 52d. +
39d. after
stroke

mean: type: all
48.3 y
range post-acute:
17-63y. mean 75d.
after stroke,
range 12 280 d.

Yes

Yes

No

mean:
56.5 y.
+ 13.4
y.,
range
22-80y.

40 (20 / 20)
with active
extension of
paretic knee

mean:
10 ( 5/ 5)
?
able to walk
with or without
assistive device

37 (13 / 13 / 11)
with various
classifications of
lower limb
deficits and who
no longer
receiving any
treatment aimed
at improving
their gait

Domain: Walking
Subdomain: EMG and Biofeedback [E.10]
Design
Study
(reference+
publication year)

RCT

RCT

RCT

Mandel et al. 1990 RCT

Binder et al. 1981

Winchester et al.
1983

John 1986

12 (6 / 6)
with weakness
of paretic LE
60 patients
were screened
and 12 were
selected (=20%)

Intervention: comparison of rhythmic positional BF or
EMG/BF vs no-treatment.
E: 2 experimental groups received standardized BF
while sitting (knees at 70 degrees), long sitting
(unsupported), standing and walking; difference
between groups being the nature of BF (EMG or RP)
in the second 6 wk -period:
E1) EMG feedback during active ankle movements,
E2) received RP feedback only at the precise points
of heel-off and swing-through to reinforce the correct
timing.
C: no treatment during 12 wk
EMG/BF-characteristics: auditory and visual feedback
of EMG signals of calf and pretibial muscle activity.
And RP feedback of ankle ROM, and during walking
at precise points to correct timing events.
Intensity: 2d/wk, ?? min, two periods of 6 wk each,
total 24 sessions in 12 wk.
Intervention: additional EMG/BF and standards PT vs
standard PT
E: additional EMG/BF incorporated into both mat and
gait training exercises
C: standard PT based on neuromuscular facilitation
techniques (Rood, Kabat, Knott and Voss,
Brunnstrom and Bobath).
EMG/BF-characteristics: auditory and visual feedback
into mat and gait, with electrodes at quadriceps,
hamstrings, anterior tibialis and gastrocnemius.
Intensity: 3 d/wk 30-40 min for 4 wk (12 sessions)
and for 1 patient additional 12 sessions in next 4 wk
Intervention: additional combination of PFST+ES and
PT vs PT
E: PFST while patient was sitting on the knee
exercise unit with knee in 90 degrees (30 min) and
cyclical quadriceps femoris muscle stimulation (2 hrs)
C: PT based on neuromuscular facilitation techniques,
progressive resistive exercises and weight-bearing
BF-characteristics: auditory and visual feedback when
changing joint angle while voluntary knee extension
Intensity: 5 d/wk during 4 wk; C: 30 min/d and
additional PFST: 30 min/d and ES: 2 hrs/d
Intervention: additional EMG/BF and PT vs PT in two
phases. Groups received randomly allocated E1 + E2.
E1: PT, sensory stimuli to paretic leg
E2: EMG/BF applied to muscles of LE and PT; seeE1
C: each patient acted as his/her own control
EMG/BF-characteristics: auditory feedback (sound
from machine) when voluntary contraction of healthy
muscle. Facilitatory techniques employed by therapist
to stimulate muscle activity at paretic site
Intensity: 12-15 sessions in 3 wk (total 24-30 in 6 wk)

(Primary) Outcome

Active ROM (ankle) and
gait speed
measurements at 6 and
12 wk and at 3 mo
follow-up

AROM ankle
dorsiflexion, ankle and
knee angle, unilateral
weight bearing , 50m.
walk
measured at 4 and 8 wk.

AROM, PROM, kneetorque, position sense
and nominal spasticity
scale
measured at 4 wk and
AROM and torque were
measured weekly

Ashburn Scale (15 m.
walk, climbing 7 stairs,
active knee extension,
knee angle)
measured at 3 and 6 wk

PFST is effective when used to augment a
facilitation program for improving knee
extension control in hemiparetic patients.
No change was noted in the ability to
extend the knees using isolated
quadriceps femoris muscle control.

EMG/BF may be an effective adjunct to
therapeutic exercise for chronic
hemiplegic patients in decreasing their
ambulation time. Also the results
suggested the existence of a rehabilitation
potential in chronic hemiplegic patients.

The subjects receiving rhythmic positional
biofeedback significantly increased their
walking speeds relative to other groups at
12 wk and after follow-up (3 mo), without
any increase in subjectively reported
energy cost.

Conclusions (author)

2
failure at the
questions:
3,4,5,6,8,9,
10, 11

4
failure at the
questions:
3,5,6,7,8,9

5
failure at the
questions:
3,4,5,6,9

3
failure at the
questions:
3,4,5,6,8,9,
11

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

A 6 wk course of PT improves muscular
function and ROM in patients with
weakness due to a upper motor neurone
lesions, but that these effects are not
enhanced by EMG/BF
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N (E/C)

Age
+ SD
Type of
stroke

Domain: Walking
Subdomain: EMG and Biofeedback [E.10]
Design
Study
(reference+
publication year)
Characteristics of intervention
Ext.
val.*
yes/no

(Primary) Outcome

4
failure at the
questions:
3,4,5,6,9,11

6
failure at the
questions:
3,5,6,9

3
failure at the
questions:
3,4,5,6,7,8,9

6
failure at the
questions:
3,5,6,9

3
failure at the
questions:
3,4,5,6,7,8,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Mulder et al. 1986 RCT
12 (6 / 6)
mean:? type: ??
No
Intervention: EMG feedback vs NDT.
Ankle AROM and gait
No significant differences between the two
methods
E: received visual information concerning the
velocity
without reacquiring the
electrical activity of the muscles under training to
range phase : ??
measured after at 5 wk
dorsiflexion
stimulate dorsiflexion of the paretic foot
34-68y.
C: conventional PT based on NDT: regulation postural (velocity) and AROM
function of ankle
mean: ??
after stroke
after stroke
tone, reciprocal innervations of agonist and antagonist measured 6 times in 5
wk (prior to session
muscles and coordination regulation
EMG/BF-characteristics: visual feedback (EMG-signal 1,4,7,10, 13 and
of m. peroneus or m. tibialis anterior) in 3 conditions: following 15
1) sitting with knees flexed; 2) sitting with knees
extended and 3) standing
Intensity: 3d/wk; 40 min for 5 wk (15 sessions)
Yes
Intervention: 4 randomly divided groups received: 1) Gait analysis:
mean: type: iCVA
BF alone appeared to be somewhat more
Cozean et al. 1988 RCT
36
measurements of mean effective than FES, but a statistically
11% drop-outs, 55.3y and hCVA
control (=standard PT); 2) FES; 3) BF; 4) FES/BF
(SD:?)
knee angle, ankle angle, significant difference was not seen.
32 (8/8/8/8)
EMG/BF-characteristics: EMG-signals of anterior
chronic:
Combined therapy with BF and FES
cycle time and stride
completed the
tibialis and calf muscles (voluntary dorsiflexion and
mean
resulted in improvements in gait.
study,
relaxation gastrocnemius) in sitting and BF training of length
16 of 36
with spastic,
gait pattern.
patients > 1y
equines
Intensity: all therapies: 3d/wk 30 minutes, during 6 wk; measured 2-wk and 4wk
after stroke
problems
after ending treatment
BF/FES-group: 15 minutes BF and 15 minutes FES
Yes
Intervention: 3-period cross-over design with 3
mean:? type: ?
Both feedback methods improved gait
8
Colborne et al.
RCT,
ROM, stride length,
1993
cross-over able to walk
treatments: 1) EMG (soleus), 2) joint angle feedback stride time and velocity
chronic:
independent
(electro-goniometer) and 3) PT based on NDT + MRP
design
mean 17 mo
with or without
EMG/BF-characteristics: auditory and visual BF from measured every period
after stroke
waking device
(4 wk) and 1 mo. after
affected-side soleus muscle during walking
ending cross-over trial
Intensity: 2d/wk 30 min for 4 wk (8 sessions)
EMG/BF increased muscle strength and
Yes
Intervention: additional EMG/BF and PT vs PT
BI, CNS, AS, Adams
Intiso et al. 1994
RCT
16 (8 / 8)
mean: type: first
improved recovery of functional
with drop foot
E: phase 1: learning about the technique and in phase scale, gait quality and
57.4 y. stroke
kinematic parameters of locomotion in patients with hemiparesis
+15.4y.
2: acoustic feedback with portable EMG/BF during
and drop foot after cerebral ischemia
gait
14 (8 / 6)
range chronic:
walking
completed the 40-85y mean 9.8 mo
C: treatment according to Bobath-method plus
+ 9.3 mo
measured at baseline
standard exercises for dorsiflexion of the foot
study (11% drop
EMG/BF-characteristics: BF at anterior tibialis muscle, and after the therapy
after stroke
outs)
20 isotonic contractions lasting 5 sec followed by 30 program
sec rest with flexed knee (30 degrees)
Intensity: 5d/wk 60 min for 2 mo (40 sessions)
mean: type: first
No significant difference in the rate of
Yes
Intervention: comparison of EMG/BF and PT vs
Bradley et al. 1998 RCT
21 (12 / 9)
MBS, MAS, sensation
58.5 y. stroke
improvement after stroke between the two
placebo EMG/BF and PT to improve gait after stroke test, TMW, RMI and
groups. Although EMG/BF was provide
23 admitted, 21 +11.5y.
E: encourage active control at the hip, knee and
NEAI
little evidence to support the clinical
started and 19
post-acute:
ankle, improving weight transference to affected side
completed the
measured after 6 wk and significance of using EMG/BF to improve
mean 36d +?
by EMG/BF
gait in the acute phase after stroke
study (17%
C: same techniques as E, but EMG/BF turned off and 3 mo (follow-up)
after stroke
drop-outs)
faced away
EMG/BF-characteristics: facilitate or inhibit abnormal
muscle tone via auditory and visual signals
transmitted from electrodes placed over the
appropriate muscles
Intensity: 3 d/wk during 6 wk (18 treatments)
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Walking
Subdomain: Ankle-Foot Orthosis (AFO) [E.11]

N (E/C)
Ext.
Characteristics of intervention
val.*
yes/no

Type of
stroke

Age
+ SD
Yes

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

(Primary) Outcome

7
failure at
questions:
5,6,9
measured at 6 and 15
weeks after
randomisation

Conclusions (author)

SIP-ambulation and
No support was found for the beneficial
walking speed (distance effects of either thermo coagulation of the
of 5.5 m)
tibial nerve or a polypropylene ankle-foot
orthosis in 5 degrees of dorsiflexion on the
walking ability of stroke patients

Four treatment groups:
TH/AFO; PTH/AFO; TH/PAFO; PTH/PAFO
during 3 months

pp AFO in 5º dorsiflexion vs placebo (pp hinged)
AFO, combined with thermo coagulation vs placebo
thermo coagulation (2x2 factorial design)

median: type: first
58y,
(iCVA and
range
hCVA)
21-72y

Grade of Recommendation: 2

RCT

Study
Design
(reference+
publication year)
Beckerman et al.
1996
(Arch Phys Med
Rehabil)
chronic:
median 34
mo after
stroke; range
5-185 mo

60
(15/16/15/14),
able to walk,
with spastic
equino-varus
foot, 5 % dropouts, 57
completed the
study

7
failure at
questions:
5,6,9

Same 2x2 factorial design: different outcome

RCT,
same
study

Spasticity, FMA, walking No effect of the AFO could be demonstraspeed (distance 5.5 m) ted. When the efficacy of TH and the AFO
are judged in terms of functional abilities,
however, the effects seem of little value.

Beckerman et al.
1996
(Clin Rehabil)

Walking speed, stride
length, cadence

SR,
without
RCTs

Evaluate the effect of AFOs on adult hemiplegic gait

Leung & Moseley
2002
n=0 RCT’s,
only noncontrolled (preexperimental
studies

Pomeroy &Tallis

Investigating the effects of orthoses

The review suggests that AFOs may lead to immediate kinematic and temporal
improvements in gait, but their effect on
paretic lower limb muscle activity is
inconclusive. The review highlights a lack
of well designed RCTs.
These studies suggest that performance of movement (e.g. symmetry) might be
improved if an orthosis is used with
ambulant stroke patients.

SR,
without
RCTs

measured each
condition once

Walking speed, stair
climbing speed and
oxygen consumption

n=0 RCT’s,
only noncontrolled (preexperimental
studies

Corcoran et al.
1970

Lehmann et al.
1987

Comparing ambulation without orthosis and walking
aids vs ambulation with orthosis: a) fixed angle 5º
dorsiflexion and b) fixed angle 5º plantarflexion (6
trials for each walking condition)

Subjects wearing braces for at least one week in
random order: a) plastic brace, b) metal brace and c)
no brace

Preexperiment

mean: type: all
45.1y,
range chronic:
11-56y mean 40.3
mo after
stroke; range
5-168 mo

AFOs increased speed and efficiency of
gait; choice of metal or plastic braces
made no statistical significant difference in
oxygen consumption, comfortable or
maximal walking speed or stair climbing
speed

15
able to walk
unassisted 1000
feet;excluded if
<15º passive
ankle dorsiflexion and clonus
sustained > 5s.

aged
type: all
between chronic:
59-75y 3-13y after
stroke

-

Preexperiment

7
and the control
group: 7 ablebodied adults

Walking speed, cadence AFOs increases walking speed and
and step length
normalize the heel strike duration through
use of an optimally adjusted plantar
measured at each
flexion stop. An improperly adjusted
condition 6 trials
orthosis may produce an exaggerated
knee flexion moment resulting in knee
instability
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N (E/C)
Age
+ SD

Type of
stroke

Domain: Walking
Subdomain: Ankle-Foot Orthosis (AFO) [E.11]
Study
Design
(reference+
publication year)
Mojica et al. 1988

Preexperiment

postacute:
mean 115
days + 109
after stroke

type: ?
chronic:
mean ?,
range 1-7 y
after stroke

Subjects walking without any orthosis, with anterior
AFO and with posterior AFO (Teufel style)

(Primary) Outcome

measured each
condition once

Gait characteristics,
measured once at each
condition

Comparison of particular type of frequently prescribed RMA, walking velocity,
AFO (‘Valens Calliper’) vs firm shoes
stride length, initial
double stance duration
and gait line of the nonaffected foot
measured once at each
condition
Comparison of particular type of frequently prescribed Walking velocity, stride
AFO (‘Valens Calliper’) vs barefoot
length, cadence, gait
symmetry, vertical
ground reaction forces,
and EMG
measured once at each
condition
Comparison of prefabricated posterior leaf-spring
Walking speed, stride
AFO and plantarflexion-stop dynamic AFO
length, cadence, stance
time, swing time, singlelimb support (%)
measured once at each
condition
Wearing anterior AFO vs not wearing anterior AFO
PSI and BWD
during two postural stability tests to evaluate the effect (computer
on static and dynamic postural stability.
measurement)
measured once at each
condition

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

-

-

The significant effects of the anterior AFO in long-term hemiplegic subjects were on
lateral shifting and weight bearing through
affected leg after weight shifted to the
affected side. Postural sway, postural
symmetry, and anterior-posterior weight
shifting were not significantly affected

Increase in walking speed and increase in stride length and cadence with both AFO’s
but slight decrease in cadence with
posterior leaf-spring AFO.

The orthosis led to a more dynamic and
balanced gait, with enhanced functional
activation of the paretic hemiparetic
vastus lateralis muscle.

Shoes and orthosis showed improvement. With the orthosis the following variables
showed an even more marked
improvement: walking velocity, cadence,
stride length and gait-line of the nonaffected foot

Gait pattern did improve by AFO-fitting,
especially from the foot pressure
distribution, but no significant difference
between the two types of AFO was found

Comparison of plastic AFO (ankle-angle not specified) Walking speed, stride
No correlation between the improvements vs barefoot
length, cadence, body
in body sway and walking capacity. The
sway and centre of foot AFO compensated only for the instability
pressure
of the ankle joint but not for the
dysfunction of central nervous system
measured each
after the stroke
condition once
Comparing walking with ‘air-stirrup’-brace vs no brace Walking speed, stride
Gait speed, time and distance
vs AFO
length and time and
characteristics were not affected by either
other gait characteristics type of brace, except that paretic-side
step-length increased in small, but
statistically significant, amount with use of
either brace.

Ext.
Characteristics of intervention
val.*
yes/no

-

8
age
type: ?
selection criteria benot specified
tween postacute:
46-66y mean 20.7
wk after
stroke, range
7-32 wk
mean: type:
61.9y +
10.7
19
able to walk
unassisted or
with a cane

6
mean:?
able to walk
without a cane,
but with some
hemiple-gic gait
(Brunnstrom ‘s
stage III to IV)
19
able to walk
20m barefoot

mean: type: all
58.2y +
range postacute:
30-79y. 4.9 mo after
stroke, range
1.5-16 mo

mean: type: all
55.2y +
range postacute:
30-79y. 5.1 mo after
stroke, range
1.5-16 mo.

21
able to walk
20m barefoot

mean:? type: all

-

-

Preexperiment

chronic:
within 19 mo
after stroke

3
able to walk at
least 10m.
without a cane

Preexperiment

Preexperiment

Preexperiment

Burdett et al. 1988 Preexperiment

Wong et al. 1992

Hesse et al. 1996

Hesse et al. 1999

Dieli et al. 1997

Chen et al. 1999

Preexperiment

24
mean: type: all
able to walk and 58.9y +
9.5 y
could stand
without support
for 60s.

chronic:
median 13
mo after
stroke, range
3-120 mo
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N (E/C)
Age
+ SD

Type of
stroke

Domain: Walking
Subdomain: Ankle-Foot Orthosis (AFO) [E.11]
Study
Design
(reference+
publication year)

Ext.
Characteristics of intervention
val.*
yes/no

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

Subjects walking with and without the hinged AFO in FAC, step and stride
Tyson and
Pre25
The hinged AFO improved objective
mean: type: all
random order.
Thornton 2001
experilength, symmetry of step measures of gait impairments and
were able to
49.9y
(AFO has metal ankle joint and adjustable plantar
ment
length, velocity and
weightbear and
disability and patients were positive about
chronic:
flexion stop, to prevent plantar flexion but allowed full cadence
stand
it.
mean 8.3 mo
dorsiflexion
plantargrade in
+ 5.5y
measured 1 month after
both heels, and
hinged AFO was fitted
able to walk
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Walking
Subdomain: Walking-aids [E.12]

N (E/C)

10
able to stand
with or without
cane for more
than 30 s.

same

20
able to walk
independently
(with or without
a walking aid)

mean
59.7 +
6.3 y

Type of
stroke

-

Ext.
Characteristics of intervention
val.*
yes/no
Comparing the effect of changing 4 cane conditions
on the WBR (no cane and cane-elbow 20, 30, 40
degrees, respectively)

Subjects walk in randomised order with a stick, a
tripod and without a walking aid

(Primary) Outcome

Lower extremity weight
bearing and cane force
measured by 3 digital
bathroom scales

Gait velocity and other
gait parameters

-

Velocity, gross function
section of RMA,
%bodyweight taken
through the aid, aid
contact time, placement
of the aid, lateral shift of
pelvis when weight
bearing

measured once at each
condition

Force plates (standing
stability and walking
stability)

Comparing the relationship between symmetry and
Gait velocity, symmetry
gait performance and the influence of different walking and other gait
aids
parameters

The subjects acted as their own controls, the only
variable that changed during testing was the type of
walking aid.

Subjects walk in randomised order with a normal
height stick, a high stick and a tripod

-

-

Patients stand and walk with a cane at two different
lengths (greater trochanter or distal wrist crease)

-

type: ?
post-acute:
mean 130 +
212d. after
stroke,
median 57d.

type: all
chronic:
mean 27.6 +
50.8 mo after
stroke,
range 3-204
mo

same

type: first
stroke

chronic:
mean 49 mo
after stroke,
range 4-126
mo

mean type: ?
59 + 7y

same

mean
61.1 +
6.5 y

20
mean
could ambulate 63.2 +
10.1 y
independently
with an
unilateral
assistive device

Age
+ SD

Grade of Recommendation: 3

Preexperiment

Study
Design
(reference+
publication year)
Waldron &
Bohannon 1989

Preexperiment

Tyson 1994
same
study

Tyson & Ashburn
1994

Lu et al. 1997

Preexperiment

Tyson 1998

Preexperiment

15
able to walk
independently
(with or without
a walking aid)

chronic:
median 8 mo
after stroke,
range 3-43
mo

measured once (mean of
3 times) for each
different walking aid

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

The WBR did not differ in the four cane
conditions. The use of a cane will not
result in greater weight bearing asymmetry in favour of the non-paretic lower
extremity during bilateral stance. Clinicians, therefore, should rely on criteria other
than weight bearing during comfortable
standing when deciding whether to
provide a cane for patients with stroke

-

None of the aids emerged as producing
the best gait. The severity of hemiplegia
was an important determinant of the
subjects’ response to different walking
aids. For people with a relatively mild
hemiplegia (‘good walkers’) the use of an
aid was either detrimental or had no effect
on gait, whereas for those with a more
severe hemiplegia (‘poor walkers’) the use
of an aid had a beneficial effect on gait.

There is no indication for a strong
relationship between type of walking aid
and gait symmetry

Standing stability is of stroke patients is
improved by using canes, especially by
using a cane at wrist crease, although no
significant influence of using canes on the
walking stability was detected. Based on
the results of this study, the vertical
distance from the wrist crease to the
ground is recommended as the
appropriate cane length for stroke
patients.

Different types of aid did not influence the amount of support taken by hemiplegic
subjects. These results contradict the
beliefs of many neurological
physiotherapists in Britain and the clinical
implications are discussed.
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N (E/C)
Age
+ SD

Domain: Walking
Subdomain: Walking-aids [E.12]
Study
Design
(reference+
publication year)

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

(Primary) Outcome

-

-

-

-

Methodological
quality**
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Conclusions (author)

Hesse et al. 1998 Pre22
Comparing in random order: 1) walking without any
Walking pattern became more balanced in
Velocity and other gait
mean type:
experi(16 CVA+6 TBI) 56 + , ischemic
assistance, 2) walking with a walking stick and 3)
parameters, symmetry
conjunction with facilitation of various
ment
able to walk by range MCA
walking while facilitated by a therapist
ratios, muscular activity weight bearing muscles during the
28-69y
themselves at
therapeutic intervention.
post-acute:
least with verbal
measured each
mean 2.2mo,
support by a
condition once
range 1.3-3.8
therapist
mo
Tyson 1999
Pre20
Subjects walk in randomised order with a walking
Lateral and vertical
mean type: first
The use of walking aids and the type of
stroke
experiable to walk at 61 +
stick, a tripod and without a walking aid
movements of the trunk walking aid did not affect the subjects’
6.5 y
ment
least 10m
(measured with 3trunk movements or walking stability
chronic:
independently
dimensional movement
median 10
without a
analysis system) and
mo after
walking aid
velocity on 5m walkway
stroke,
range 3-144
measured once (mean of
mo
3 times) for each
different walking
condition
Kuan et al. 1999
Pre15
mean type: iCVA
Comparing the effect of walking with and without a
Velocity and other gait
Stroke patients walking with a cane
experiindependent
56.9 y, and hCVA
cane
variables
demonstrated more normal spatial
ment
ambulation at
range
variables and joint motion than did without
least 10m with a 32-73y post-acute:
measured once at each a cane
walking aid ;
mean 9.8 w
condition with a six
referencegroup:
after stroke,
camera computerized
9 age-matched
range and
motion analysis system
healthy subjects
SD:?
Laufer 2002
Pre30
Subjects stand in randomised order with a one-point SI, % of total weight
mean type: first
A four-point cane increases stability of
experiable to stand
cane, with a four-point cane and without a cane
borne by unaffected and moderately involved hemiparetic patients
71.2 + stroke
7.0 y,
ment
independently
affected limb and by the during stance more than a one-point cane.
without external range post-acute:
1- or 4-point cane
The noted shift of weight toward the
59-89y mean 77 +
support for at
walking aid does not adversely affect
62d. after
least 30s.;
weight bearing on the paretic limb
stroke,
referencegroup:
measured under the 3
range 18-210
20 age-matched
different conditions
days
healthy subjects
during 30s.
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Walking
Subdomain: Limb-overloading of Lower Extremity [E.13]

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

N (E/C)

Methodological
quality**

Ext.
Characteristics of intervention
val.*
yes/no

Type of
stroke

7
failure at the
questions:
5,6,9

Age
+ SD

There is no evidence that stroke patients
who wore weighted garments showed no
change in balance and gait.

Yes

Intervention: weighted garments vs no weighted
garments
E: wearing weighted garments are worn on the paretic
site only (at wrist, biceps, thigh, ankle, pelvis and
shoulder girdle); they walked during 10 minutes within
the room; at the end of this 10-minutes period the
weight in each garment was reduced to a third and
the subject was instructed to wear the garments on a
daily basis.
C: wearing no weighted garments
Intensity: 6 wk on daily basis

measured before
randomization (wk 1)
and after the intervention
(wk 7), both: not wearing
garments)

BBS, gait (instrumented
walkway): velocity and
symmetry parameters

-

Intervention: walking with and without weight cuffs; 5 x Walking speed (TMW)
10m in A-phase and 3 x 10 m in B-phase. This
procedure was repeated for 5 consecutive days.
measured on 5 days.

mean:? type:

Grade of Recommendation: 2

RCT

Study
Design
(reference+
publication year)
Pomeroy et al.
2001
chronic:
mean: > 6
mo after
stroke

type: iCVA
chronic:
mean: 43 mo
after stroke

Although gradual improvements in
comfortable walking speed between
subsequent days were found the present
pilot study did not demonstrate favourable
group effects on comfortable walking
speed as a result of limb overloading.

24 (12 / 12),
were able to
walk 10 m

Single3
mean:
subject
ambulate
59y
design
independently
A-B-A-B-A without walking
aids; BFM stage
3 or 4 in LE

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Kollen et al. 2000

*
**
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type: all
chronic:
mean 32 mo.
+ 24.3 mo.
after stroke

sub-acute:
mean 16 d. +
4 d. after
stroke

mean: type: iCVA
73.3 y. and hCVA
+ 7.5 y.

mean:
56.5 y.
+ 13.4
y.,
range
22-80y.

Type of
stroke

Domain: Walking
Subdomain: Extern Auditive Rhythmes [E.14]

N (E/C)

n = 3 studies
n = 65 patients
Mandel (1990)
Thaut (1997)
Prassas (1997)

37 (13 / 13 / 11)
with various
classifications of
lower limb
deficits and who
no longer
receiving any
treatment aimed
at improving
their gait

12 stroke pa-

mean:? type: ?

Ext.
Characteristics of intervention
val.*
yes/no

No

Intervention: comparison of additional rhythmic
positional BF and EMG BF vs no-treatment.
E: 2 experimental groups received standardized BF
sessions during 6 wk while sitting, standing and
walking; difference between groups being the nature
of BF (EMG or RP) in the second 6 wk -period:
E1) EMG feedback during active ankle movements,
E2) received RP feedback only at the precise points
of heel-off and swing-through to reinforce the timing.
C: after assessment no treatment during 12 wk
RP-characteristics: the frequency of pacing, in cycles
per second, was set upon the rate of alternation of
dorsiflexion and plantar flexion excursions.
Intensity: 2x/wk,min=?, 2 x 6 wk; 24 sessions in 12 wk

What is the existing evidence of external rhythmic
pacing?

Yes

Intervention: to investigate the effect of auditory
rhythmic cuing on gait kinematic parameters.
E: walking on the walkway in a comfortable tempo.
Then 3 min rest and after that 1 min. walking at the
beats of the music. C: no control group
RAS-characteristics: tempo of music was set at each
patient’s gait cadence by matching the number of
accentuated musical beats per min to the number of
steps per minute.
Intensity: testing period of 5 wk, testing sessions
approximately 2 wk apart from each other.
Intervention: evaluation the effect of music on gait

Intervention: comparison of additional rhythmic
auditory stimulation and conventional PT vs
conventional PT
E: gait training by using a metronome or specifically
prepared music tapes played over headsets.
C: conventional PT for gait training based on NDT
RAS-characteristics: the rhythm frequency was
st
matched to the gait cadence of the patient for the 1
quarter of the session; during 2nd and 3rd the
frequency increased 5-10% and the last quarter was
spent with RAS intermittently faded to train for
independent carry-over of improved gait patterns.
Intensity: 2x/d, 30 min. each, 5d/wk for 6 wk

-

8
mean: type: all
with hemiparetic 69.6 y.
gait patterns
+ 11 y., chronic:
range mean 7.8 mo
49-87y + 7.2 mo
after stroke,
range 2-24
mo

20 (10 / 10)
with lower limb
spasticity

Age
+ SD

Grade of Recommendation: 2

SR

Study
Design
(reference+
publication year)
Pomeroy&Tallis
2000

RCT

Mandel et al. 1990 RCT

Thaut et al. 1997

Pre-

Grade C
Prassas et al. 1997 Preexperiment

Schauer et al.

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

(Primary) Outcome

3
failure at the
questions:
3,4,5,6,8,9,
11

Stride parameters, BI,
FMA and BBS
measured at 6 wk

Conclusions (author)

Active ROM (ankle) and The subjects receiving rhythmic positional
gait speed
biofeedback significantly increased their
walking speeds relative to other groups at
12 wk and after follow-up (3 mo), without
any increase in subjectively reported
energy cost.

3
failure at the
questions:
3,5,6,7,8,9,
11

measurements at 6 and
12 wk and at 3 mo
follow-up

RAS is an efficient tool to enhance efforts
in gait rehabilitation with acute stroke
patients. Rhythmic facilitation of gait
training significantly improved gait velocity
and stride length relative to gait training
without rhythmic facilitation. There is also
an improvement of stride symmetry, but
this was not significant different.

Auditory rhythmic cuing had an
entrainment effect on hemiplegic gait. The
stride lengths and hip joint ROM of the
affected/ non-affected sides became more
symmetrical and the COM vertical
displacement decreased.

Stride parameters
measured 3 times in 5
wk.-testing period;
approximately 2 wk apart
from each other.

The individual synchronisation

-

Stride parameters
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Domain: Walking
Subdomain: Extern Auditive Rhythmes [E.14]
N (E/C)

range
35-64y. chronic:
mean
after stroke:?

Age
+ SD

Type of
stroke

tients with mild
leg paresis; reference group:
12 healthy
subjects

Ext.
Characteristics of intervention
val.*
yes/no
symmetry in stroke patients walking on the treadmill
E+C: 1) 10m floor walking; 2) “tappen” with feet on
music rhythm; 3) treadmill walking without music and
4) treadmill training with music

(Primary) Outcome

measured once

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

performance during walking to music
correlates to that during foot tapping
exclusively in the group of healthy
controls.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

experiment

Study
Design
(reference+
publication year)
1996

*
**
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Domain:
Subdomain: Therapeutic positioning of paretic shoulder [F.2]

N (E/C)
Ext.
Characteristics of intervention
val.*
yes/no

Age
+ SD

Type of
stroke

Yes
mean: type: ?
58 y +
11y,
post acute:
range mean 34d +
44-81y 12d
after stroke,
range 16-65d

Grade of Recommendation: 2
Study
Design
(reference+
publication year)
RCT

28 (14 / 14)
with MAS-UE
< 5 points and
PROM of
shoulder
abduction and
flexion > 90
degrees
23 completed
the study (17%
drop-outs )

Intervention: prolonged positioning of shoulder and
multidisciplinary rehabilitation vs multidisciplinary
rehabilitation
E: multidisciplinary rehabilitation and prolonged
positioning of the affected shoulder in 3 positions
(each 20 min): 1) lying supine, shoulder in max.
tolerable abduction and external rotation, elbow
flexed; 2) lying supine, shoulder abduction to 90
degrees, max. tolerable external rotation, elbow
flexed; and 3) sitting, shoulder forward flexed 90
degrees, elbow extension, wrist extension and a
cylinder in hand.
C: multidisciplinary rehabilitation
Intensity: 60 min; 5x/wk during 6 wk

(Primary) Outcome

Resting pain (VAS), pain
on dressing, pain-free
active abduction and
passive external rotation
range
measured at baseline
and after 6wk

Conclusions (author)

7
failure at the
questions:
5,6,8

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

The effect of the positioning protocol on
shoulder pain and stiffness remains
unclear. The differences between the
groups were not statistically significant,
however, because of low statistical power
the results are inconclusive.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Dean et al. 2000

*
**
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Domain:
Subdomain: Stretching and reflex-inhibitory patterns [F.3]

Age
+ SD
-

Type of
stroke

-

Evaluating splinting on the muscle tone.

Ext.
Characteristics of intervention
val.*
yes/no

Grades of Recommendation: 2
N (E/C)

-

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

There is insufficient evidence that splinting is effective for decreasing muscle tone.

n= 2 RCT
n= 39 patients

Carey 1990
And pre-experimental designs
and studies
included only other
diagnosis (i.e. TBI)

n= 1 RCT
n= 16 patients

And 1 pre-experiment:
Gracies 2000

Also 2 CCTs
McPherson 1985
Poole 1990

Rose&Shah 1980
Langlois et al 1991

Spasticity

SR

RCT

CCT

Spasticity: torque motion The greatest change in the level of
analyser
spasticity was measured in the group
wearing the splint for 22 hours. However,
this trend was not statistically significant.

Manual stretch applied to spastic extrinsic
finger flexor muscles improves control of
finger-extension movement but does not
improve control of isometric fingerextension force.

PROM, angle point of
A significant reduction of hypertonicity
stretch reflex, resistance following both dorsal and volar splint
to passive wrist
application on the passive range of motion
extension and force of
and resistance to passive extension
spontaneous wrist
measures. No significant reductions in
flexion.
hypertonicity were noted on the angle of
point of stretch reflex measure, and on the
force of spontaneous flexion measure

3
failure at the
questions:
2,3,5,6,7,9,
11

3
failure at the
questions:
4,5,6,7,8,10,
11

5
failure at the
questions:
3,5,6,7,9

3
failure at the
questions:
3,4,5,6,7,10,
11

Force of hypertonus
(Spring-weighted Scale
0-4.5 kg)

measured before and
after stretching

measured before and
after 2 hrs intervention
JMTT, FTT and EMG

Data demonstrated that a significant
reduction of hypertonus occurred among
the splinted group but not the PROM
group.

-

-

-

‘Slow stretch’ techniques seems to be
effective to AROM and PROM.
The effects of RIP are arbitrary.

-

No

-

30 ( 10/ 10/ 10) mean: type: ?
with spastic
64 y,
wrist flexors
range post-acute:
34-87y. < 6 mo after
stroke

Intervention: comparing the immediate effects of
dorsal, volar splints vs no splints in reducing
hypertonicity in wrist flexors
E1: static dorsal splint application
E2: static volar splint application
C: no splints
Intensity: splints were applied and worn for 2 hours

measured before and
after 2 and 4 weeks of
intervention

CR

16 (8 / 8)
Yes
mean: type: all
at least 20
55.4y +
14.7 y chronic:
degrees of
mean 6 y + 6
voluntary finger
y after stroke
extension and
spasticity

Intervention: manual stretching vs no therapy
E: manual stretch: subject sat in chair with forearm
stabilized, midway between pronation and supination,
on a table. Index finger was inserted into a ring and
connected to a load cell
C: no therapy
Intensity: once 5 minutes
Intervention: investigate the effects of a finger
spreader on the spastic musculature of the wrist
E1: wearing schedule 6 hours per day
E2: wearing schedule 12 hours per day
E3: wearing schedule 22 hours per day
Intensity: each day during 4 weeks

Evaluating evidence of reflex inhibiting patterns,
immobilisations and manual stretching on spasticity

RCT

9(3/3/3)
with spastic
hemiplegia

mean: type: all
64.2 y
range chronic:
46-78y mean: 6.3
mo after
stroke

measured in each week

Yes

RCT

8 (4 / 4 )

Intervention: splinting vs PROM-exercises in reducing
passive component of hypertonus.
E: dynamic splint (mold plastic) at dorsal surface of
fore arm and fingers with inserted metal stays
between fingertips and wrist joint. Splints allow

Study
Design
(reference+
publication year)
Steultjens et al.
2003

Kollen and
Kwakkel 1995

Rose and Shah
1980

Carey 1990

Langlois et al.
1991

McPherson et al.
1985

mean: type: ?
No
76.8 y
range chronic:
67-86y > 12 mo after
stroke
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Type of
stroke

(Primary) Outcome

Conclusions (author)

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Lycra garments designed to produce
continuous stretch of spastic muscles
when worn for several hours each day,
have splinting and anti-spastic effects on
wrist and fingers in patients with
hemiplegia.

Ankle joint stiffness decreases after both prolonged static and cyclic stretches;
however, neither technique appears to be
better at reducing stiffness in people with
stroke. Torque relaxation is greater after
static stretching than after cyclic
stretching, while walking speed does not
appear to be influenced by the stretching
treatments

EMG
The results did not point to a definite
relationship between the RIPs and the
Measured 6 times (3x in electrical activity of the test muscles.
RIP and 3x in neutral
Bobath's claim that there exists a
position)
consistent trend relating RIPs to reduction
of muscle tone is therefore placed in
doubt.

measured before and
after 30 minutes
sessions stretching

Stiffness, Torque
relaxation and TMW

measured before and
after the 3 hours
intervention

Spasticity (Tardieu
scale), AROM, PROM,
proprioception, comfort,
and LBT

movements in flexion, extension, abduction, and
of 6 weeks during
adduction of digits and flexion and extension of wrist. intervention
C: PROM-exercises 3 d/wk using a prolonged stretch
technique in fully extended position for 60 sec for
each 5 repetitions. PROM were provided just before
the regular PT treatment.
Intensity: splinting for 5 weeks; for 1 hrs, 3 day/wk

Ext.
Characteristics of intervention
val.*
yes/no

Domain:
Subdomain: Stretching and reflex-inhibitory patterns [F.3]
N (E/C)
Age
+ SD

mean: type: ?
65 y,
range post-acute:
38-85y mean 11 wk
+ 9 wk after
stroke, range
3-36 wk

Study
Design
(reference+
publication year)

Gracies et al. 2000 Preexperimental
study
16
with flexor and
pronator
spasticity in
upper limb
caused by
stroke

-

-

10
with spasticity
and without
contractures

Bressel and
McNair 2002

Preexperimental
study

mean ? after
stroke

mean:? type: ?

mean: type: all
64.6y,
range chronic:
53-76y mean 6.7 y
after stroke,
range 1-24y

27
biceps brachii
(N=15) and
medial
gastrocnemius
(N=12)

Intervention: 2 conditions: wearing Lycra-garments vs
not wearing garments on 2 different days.
Garments are custom made, it incorporates á series
of circumferential Lycra segments, sewn together
from the top to the bottom of a sleeve. Also wearing a
custom-fitted glove splint made of Lycra, designed
with 2 semiflexible plastic sticks in the glove,
extending from midforearm on the palmar aspect to
the palm of the hand. This plastic boning strongly
opposed wrist flexion.
Intensity: wearing the garment for 3 hours.
Intervention: 2 conditions (static and cyclic) stretching
in randomised order. Only within-subject
comparisons.
Static calf stretching: the paretic foot was moved at a
rate of 5 degrees/second from 10 degrees of plantar
flexion (neutral) to 80% of patients maximal passive
dorsiflexion angle.
Cyclic calf stretching with continuous passive ankle
joint motion (CPM) between neutral and 80% of
patients maximal passive dorsiflexion angle was
performed. The angular velocity of the foot during the
cyclic stretch was 5 degrees/second.
Intensity: both conditions in random order 30 minutes,
separated from each other by 1 week.
Intervention: RIP of non-exercising limb, while the
ipsilateral limb is being exercised. Biceps brachii of 15
patients is recorded during performance of lower
extremity exercise, and from the medial
gastrocnemius muscle of 12 patients during
performance of an upper extremity exercise. Each
muscle was examined six times in the same session:
three of these repetitions being conducted in a RIP,
the other three in a neutral position. Highest EMGrecordings reported and compared.
Intensity: 1 session.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Dickstein and Pillar Pre1983
experimental
study

*
**
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Domain:
Subdomain: Somatosensory function [F.4]

Intervention: sensory re-education vs no treatment
E: sensory re-education, i.e. identification of letters
drawn on the arm and hand; “find your (plegic) thumb”
blindfolded; discrimination of shape, weight and
texture of objects or materials placed in the hand
C: no therapy
Intensity: 45 min at home; 3x/wk during 6 wk

Ext.
Characteristics of intervention
val.*
yes/no

N (E/C)
Type of
stroke

Age
+ SD

Grade of Recommendation: 3
Study
Design
(reference+
publication year)
CCT

39 (20 / 19)
with persisting
sensory deficit
in the hand
mean: type: all
Yes
65.5 y,
range chronic:
44-81y mean 6.2 y
after stroke,
range 2-18 y

(Primary) Outcome

4 sensory tests: Location
of touch; Sense of elbow
position; 2-PD and
Stereognosis
measured at baseline
and after 6wk

Conclusions (author)

4
failure at the
questions:
3,5,6,7,9,11

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

The treated group showed large and
significant gains on all sensory tests.
Somatosensory deficit can be alleviated
even years after stroke.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Yekutiel &
Guttman, 1993

*
**
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Domain:
Subdomain: Air splints and wrapping of paretic extremity [F.5]

Age
+ SD

(Primary) Outcome

N (E/C)

mean: type: ?
No
70 y.,
range time since
55-82y. onset stroke:
?

Ext.
Characteristics of intervention
val.*
yes/no

18 ( 9 / 9 )
were able to
imitate
movements
and/or follow
commands

measured at baseline
and after 12 wrapping
sessions (4 wk)

PROM and videotapes

measured at 1, 3 and 5
minutes after inflation
and at 1,3 and 5 minutes
after deflation of the airsplint

EMG, Hoffman-reflex
(H-reflex)

FMA, pain and sensation
Intervention: traditional OT + inflatable splints
(Johnstone) vs traditional OT + no splinting
E: inflatable pressure splints and shoulder exercises measured at 3 wk after
(elevated to 90 degrees shoulder flexion with full
start treatment
elbow extension and as much shoulder external
rotation as possible without pain.
C: not specified therapy (no inflatable splint treatment)
Intensity: 5 d/wk for 30 min/d during 3 wk

#

8 stroke
mean : type: ?
patients (and 18 54 y.,
#
range chronic :
non-disabled
26-76y. 16 mo + 19
subjects)
mo after
stroke, range
6-60 mo

Intervention: evaluate the effect of an air-splint
applied to the hemiplegic leg (soleus muscle); patients
lying prone with hip in 0 degrees of extension and
abduction, the knee placed in 20 degrees of flexion
and the ankle joint was freely poisoned in plantar
flexion. Electrodes were placed over the dorsal
surface of posterior calf to measure EMG-signals
(Hoffman-reflex).
Intensity: Air-splint manually inflated (pressure within
range of 36.7 to 40.8 mm Hg for 5 minutes; after that
the air-splint was deflated. EMG recordings were
made for additional 5 minutes.

4
with increased
muscle tone
and decreased
PROM

-

Type of
stroke

Grades of Recommendation: 2+3

RCT

Study
Design
(reference+
publication year)
Poole et al. 1990

Robichaud et al.
#
1992

Preexperimental
study

Preexperimental
study

Intervention: examine the effect of wrapping on ROM,
The spastic UE is wrapped with elastic 4-inch
bandages from the wrist to the axilla in a figure-ofeighth form to prevent impedance of circulation. A
glove was applied to the hand.
Intensity: wrapped for 3 hrs on a outpatient basis
3x/wk on alternating days.
mean: type: ?
40 y,
range chronic:
18-65y mean
between 6
and 9 mo
after stroke

Conclusions (author)

5
failure at the
questions:
3,5,6,7,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

No significant differences in mean change
in upper extremity sensation, pain and
motor function from week 0 to week 3
between the splint and non-splint groups.

-

None of the post pressure measurements were statistically different from the
baseline value. A statistically significant
difference was demonstrated between the
nondisabled subjects and the subjects
with CVA at the first minute of pressure
release. Air-splint pressure may be useful
when a temporary decrease in muscle
reflex activity is a therapeutic goal.

PROM has a significant change for all
motions in all patients and the patients all
reported a decrease in pain in UE.
Comparisons of videotapes of 2 patients
after 12 wrapping sessions revealed an
increase in ROM and a decrease in
spasticity in the UE.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
data from the 8 stroke patients only

Twist, 1985

*
**
#
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Ext.
Characteristics of intervention
val.*
yes/no
Evaluation of effectiveness of exercise therapy to
improve arm function in patients who have suffered
from stroke

Type of
stroke

Yes

Yes

Yes

sub-acute:
median 9 d.,
range 2-35 d.

type: SAH
Yes
and brain
stem strokes
excluded

post-acute:
mean
40 d. + 42 d.
after stoke

type: first
stroke

chronic :
mean
4.8 y + 8.2 y.
after stoke,
range 6 mo26 y.

type: all

-

Domain: Hand and arm use
Subdomain: active Upper Extremity therapy [F.6]

N (E/C)

Kwakkel 1999
Feys 1998
Van der Lee 1999
Lincoln99/Parry99
Duncan 1998
Jongbloed 1989
Sunderland 92+94
Taub 1993
Werner 1996
Volpe 2000
Gelber 1995
Altschuler 1999
Logigian 1983

42 (21 / 21)

132 (65/67)

median
67.5y,
range:
32-92 y

90 (43 / 47)
mean:
with weakness 71.3 y
in UE and LE of + 9.1y
affected side

mean:
61.6 y
+ 21 y

n = 13 RCT’s
n = 939 patients

Age
+ SD

Grade of Recommendation: 1

RCT

RCT

RCT

SR

Study
Design
(reference+
publication year)
Van der Lee et al.
2001

Logigian et al.
1983

Jongbloed et al.
1989

Sunderland et al.
1992

137 of 429
patients
submitted in
study
4% drop-outs,
132 completed
the study

Intervention: facilitation techniques vs traditional
techniques
E : based on facilitation approach (Rood and Bobath),
treatment techniques include bilateral weight bearing,
reflex inhibiting and i.e tactile or vestibular stimulation
C: based on traditional approach (Kendall, Clayton
and Coulter) treatment techniques include resistive
exercises upper limb skateboards and pulleys.
Intensity: 1 – 1.5 hrs/day in addition to other program
involvements, plus all patients ½ hrs/d ROM-group.
Patients remained in treatment until their functional
and motor performance stabilized, so weeks of
treatment: variable
Intervention: OT sensorimotor integrative treatment
approach vs traditional functional OT-approach
E: approach based on combination of theories
described by Bobath, Rood and Ayres, and
emphasizes treating the cause od dysfunction rather
than compensating or adapting the problem
C: practice of particular tasks, usually ADL subdivided
into 2 aspects:compensation + adaptation + splinting.
Intensity: both groups for 40 min/d, 5 d/wk for 8 wk
Intervention: enhanced therapy vs conventional
therapy
E: 1) more intensive treatment for the arm, with
amount and type of therapy for leg the same as C,
and 2) eclectic approach with specific aims : promote
more active participation in arm rehabilitation
C: expert hands-on treatment based on “Bobath” en
“Johnstone”- techniques, without routinely instructions
to exercise between therapy sessions
Intensity: E more than twice the amount of arm
therapy per week, during a longer period

KNGF-richtlijn Beroerte – Map I.2

Insufficient evidence made it impossible to draw definitive conclusions about the
effectiveness of exercise therapy on arm
function in stroke patients. The difference
in results between studies with and
without contrast in the amount or duration
of exercise therapy between groups
suggests that more exercise therapy may
be beneficial.

Conclusions (author)

-

3
failure at the
questions:
3,4,5,6,7,8,9

(Primary) Outcome

BI and MMT

Both facilitation and traditional exercise
therapies improved functional and motor
performance but there were no significant
differences between the approaches.

3
failure at the
questions:
3,4,5,6,8,9,
11

Methodological
quality**

BI, meal preparation and No statistical significant differences
8 subtests of SITB
between both treatment groups. , OT can
on basis of the findings

6
failure at the
questions:
3,5,6,9

EMI, subtests of Motor
Club Assessment, FAT,
NHPT and BI

measured at 4 and 8
weeks after admission

measured at start and
(variable) end

At six months after stroke the enhanced
therapy group showed a small but
statistically significant advantage in
recovery of strength, range and speed of
movement. This effect seemed
concentrated amongst those who had a
milder initial impairment.
measured at 1, 3 and 6
mo after stroke
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Conclusions (author)

(Primary) Outcome

Methodological
quality**

Ext.
Characteristics of intervention
val.*
yes/no

4
failure at the
questions:
3,4,5,6,7,9

Type of
stroke

The advantage seen for some patients
with enhanced therapy at six months after
stroke had diminished to a non-significant
trend by one year.

4
failure at the
questions:
3,4,5,6,7,9

Intervention: follow-up Sunderland et al. 1992

Both treatments are equally efficacious in
treating pure motor hemiparetic strokes in
terms of functional outcomes, gait
measures and upper extremity motor
skills.

4
failure at the
questions:
3,5,6,8,9,11

Yes

Yes

Intervention: NDT approach vs traditional functional
retraining approach.
E:NDT-approach, therapy techniques included tone
inhibition and weight-bearing activities and
encouraged patients to use the affected side; no
resistive exercises and use of abnormal reflexes.
C: traditional functional retraining approach, therapy
techniques included PROM in anatomic planes,
progressive resistive exercises, early use of assistive
devices and bracing and allowed patients to use their
unaffected side.
Intensity: interventions for the duration of inpatient
and outpatient rehabilitation.

Significant improvement after 3 months in
treatment group. The improvement in
functional tasks can be attained with
therapy during the post-acute period and
the gains are maintained for at least 6
months following the intervention.

measured at 1, 3 and 6
mo after stroke

FMA, BI, Jebsen Test of Measures of lower extremity (FMA) were 7
hand function
significant; no significant differences in the failure at the
effect of upper extremity dexterity.
questions:
5,6,7

measured at discharge
and 6 and 12 mo after
stroke

FIM, BB and NHPT

measured at 1 year after
stroke

EMI, MCA, FAT, NHPT
and BI

Yes

Intervention: treatment vs no treatment
FIM-MM and SIP
E: intensive outpatient rehabilitation program;
functional tasks (transfers, walking, self-care, feeding) measured at 3 and 9 mo
and strengthening, stretching, mobilization and
muscle retraining/facilitation.
C: did not receive any outpatient therapy
Intensity: 1 hrs PT and 1 hrs OT, 4 d/wk during 12wk

chronic:
mean: 52 w
after stroke,
range 39-64
w

type: iCVA
sub-acute:
mean
13 d + 2 d.
after stoke

type: MCA
chronic:
3 y + 1.8
after stroke

Yes

Domain: Hand and arm use
Subdomain: active Upper Extremity therapy [F.6]
N (E/C)

RCT

97 (48/49)
of 132 patients
completed the
follow-up
(=27% dropouts)

Age
+ SD

RCT

Study
Design
(reference+
publication year)
Sunderland et al.
1994

Gelber et al. 1995

40 (28/12)
49 (33/16) of
552 patients
submitted in
study,
29% drop-outs
(=14 patients)
and 5 patients
added;
40 completed
the study

mean:
61.1 +
10.2 y

27 (15 / 12)
mean:
with pure motor 71.8 y
stroke
+ 9.1y

Werner et al. 1996 RCT

Duncan et al. 1998 RCT

post-acute:
mean
62 d. + ?
after stoke

20 (10 / 10)
mean: type: iCVA
with mild to
67.6 y and hCVA
moderate stroke + 8.4 y
22 recruited,
2 refused to
participate

Intervention: home-based exercises vs usual care
E: PT supervised program: 1) warming-up:
stretching/flexibility exercises, 2) assistive-resistive
exercises PNF or Theraband, 3) balance exercises, 4)
functional activities for affected UE and 5) walking or
bicycle ergometer program.
C: usual care: highly variable types of exercises
without endurance training immobilisation of paretic
arm by an inflatable pressure splint with the patient in
supine for 30 min/day for 5d/wk
Intensity: E: ~1.5 hrs/day, 3x/wk for 8 wk and 4
additional weeks self-continuing and C: variable
intensity, frequency and duration
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100 (50/50);

N (E/C)
Age
+ SD

sub-acute:
23 d. + 6 d

sub-acute:
median 12 d,
range 1-5 wk
after stroke

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

6
failure at the
questions:
3,5,6,9

(Primary) Outcome

Adding a specific intervention during the
acute phase after stroke significantly
improved motor recovery of the upper limb
(FMA), which was apparent 1 year later,
but no differential effect measured with BI
and ARAT.

6
failure at the
questions:
5,6,8,9

Ext.
Characteristics of intervention
val.*
yes/no

The increase in the amount of PT for arm
impairment with a typical British approach
given early after stroke did not significantly
improve recovery of arm function.
measured at 5 wk and
after 3 and 6 mo after
stroke

RMA, ARAT, THPT and
BI

Intervention: additional sensorimotor stimulation vs
FMA, ARAT and BI
treatment standard treatment
E: rocking chair + inflatable arm splint (affected arm); measured at 6 and 12
arm has to push backwards as reaction on movement mo after stroke
of rocking chair.
C: rocking chair + no stimulation of affected arm
(rested on cushion), but fake short-wave therapy of
shoulder did not receive any outpatient therapy
Intensity: both groups 30 min., 5 d/wk during 6 wk
(total 30 sessions)

Yes

Intervention: additional amount of intensity of PT
(affected arm) vs daily routine PT only
E: two intervention groups:
E1) standard PT (30-45 min/d) and additional
treatment by senior research PT (facilitation, specific
neuromuscular techniques and functional
rehabilitation based on Bobath approach;
E2) standard PT(30-45 min/d) and additional
treatment by PT-assistant (positioning and care of
affected arm; passive, assisted and active
movements; and practice of functional activities based
on teaching by PT before start of treatment.
facilitation, No additional PT by research PT.
Intensity: both E-groups received additional 2 hrs/wk
during 5 wk PT (= 10hrs)

6
failure at the
questions:
3,4,5,6

Groups were subdivided according to severity of initial
arm impairment
-

4
failure at the
questions:
3,5,6,8,9,10

Yes

Ratings based on video
of movements of UE
measured at cross over
point (4 w k) and at end
treatment (8 wk)

Mirror therapy may be beneficial for at
least some patients with hemiparesis
following stroke.

Benefits of additional treatment were
detected in the less-severe patients group;
in the more severe patients no benefits
were found.

type: iCVA or Yes
hCVA (SAH
excluded)

Type of
stroke

Domain: Hand and arm use
Subdomain: active Upper Extremity therapy [F.6]

RCT

Study
Design
(reference+
publication year)
Feys et al. 1998
mean:
64.2 y
+ 11.9,
range
36-88 y

108 of
approximately
1000 patients
submitted in
study,
7% drop-outs

-

282 (94/93/95); median type: all
73 y

RCT
Post-hoc
analysis
(Lincoln et al.
1999)

282 of 1265
patients
submitted in
study,
with arm
impairment
282 completed
the study

RCT

Post-hoc
analysis
(Lincoln et al.
1999)

Lincoln et al. 1999 RCT

Parry, Lincoln,
Vass 1999a

Parry, Lincoln,
Appleyard 1999b

Altschuler et al.
1999

RCT,
9 (5 / 4)
cross over with mild to
design
extremely
severe stroke

No
mean: type: ?
58.2 y
range chronic :
53-73y mean
4.8 y + 8.2 y.
after stoke,
range 6 mo26 y.

Intervention: moving arms symmetrically using a
mirror vs using a transparent sheet .
E: moving both hands or arms symmetrically (moving
the affected arm as best they could), while watching
the unaffected arm in mirror
C: moving both hands or arms symmetrically (moving
the affected arm as best they could), while watching
the unaffected arm through the clear plastic sheet.
Intensity: 15 min, twice a day, 6 d/wk, during 8 wk
(cross over after 4 wk).
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sub-acute:
mean
7 d. + 2.7 d.
after stoke

-

Follow-up study Kwakkel et al. 1999

(Primary) Outcome

BI, FAC and ARAT
Intervention: additional amount of intensity of PT
(affected arm) vs immobilising affected arm with splint
measured at 6, 12, 20
E: 30 min (5d/wk) additional arm therapy based on
eclectic approach (functional exercises that facilitated and 26 w. after stroke
forced arm and hand activity such as leaning,
punching a bal, grasping and moving objects)
C: immobilisation of paretic arm by an inflatable
pressure splint with the patient in supine for 30
min/day for 5d/wk
Intensity: all groups received basic rehabilitation (15
min/d. leg training; 15 min/d arm training and 1.5 hrs
ADL-training) during the first 20 w. after stroke.

Ext.
Characteristics of intervention
val.*
yes/no

Yes

Yes
type: first
stroke, MCA

Type of
stroke

Domain: Hand and arm use
Subdomain: active Upper Extremity therapy [F.6]
N (E/C)
Age
+ SD

RCT

101 (33/ 31/37) mean:
101 of 1761
65.9 y
patients
+ 11.5y
submitted in
study,
with impairment
of motor
function of the
arm,
9% drop-outs
89 completed
the study

Study
Design
(reference+
publication year)
Kwakkel et al.
1999

86 (28/25/33)

-

RCT

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

6
failure at the
questions:
5,6,7,9

Greater intensity of arm rehabilitation
7
results in small improvements in dexterity. failure at the
questions:
5,6,9

BI, FAC and ARAT
Unable to demonstrate long-term effects
of intensity of treatment on the individual
measured at 6, 9 and 12 patterns of functional recovery between 6
mo. after stroke
and 12 months after stroke.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Kwakkel et al.
2002

*
**
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N (E/C)
Age
+ SD

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

Intervention: additional repetitive training vs TENS
E: repetition of identical arm movements by squeezing
2 metal bars separated from each other by a variable
number of springs.
C: additional TENS at m. extensor carpi ulnaris ; 0.08
ms spike/wave pulses at 85 Hz (intensity 45-105 mA)
Intensity: both groups received 45 min/d NDT and 3-5
hrs/wk OT;
E: additional arm training 2x/d 15 min each period
during 2 wk;
C: additional TENS 2x/d 15 min during 2 wk

Intervention: BATRAC vs NDT
E: bilateral arm training with rhythmic auditory cueing
C: unilateral training based on neurodevelopment
principles
Intensity: ?

?

chronic:
median 37.5
mo after
stroke

type: iCVA

Domain: Hand and arm use
Subdomain: Bilateral training of cyclic arm movements [F.7]

7 (4 / 3)

27 (12 / 15)

mean: types: all
No
61.6 y,
range chronic:
35-80 y mean 8.4 wk
after stroke,
range 3-19
wk

mean:
63 y +
13 y

Grade of Recommendation: 3

CCT

RCT

Study
Design
(reference+
publication year)
Luft et al., 2002

CCT
Bütefisch et al.,
1995

Pre-experiment

Methodological
quality**
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Conclusions (author)

3
failure at
questions:
3,5,6,7,9,10,
11

(Primary) Outcome

Results indicate that functional
reorganization in the brain can occur long
after spontaneously recovery has
subsided.

4
failure at
questions:
3,5,6,7,9,10

measured before and
after treatments

fMRI and TMS

Grip strength, rapid
Grip strength, peak force of isometric
isometric and isotonic
hand extensions, peak acceleration of
hand extension and
isotonic hand extensions as well as
RMA
contraction velocities as indicators of
motor performance significantly improved
measured at 2 and 4 wk during the training period.
after start intervention

Whitall et al. 2000 Pre14
mean: type: all
FMA-UE, WMFT, MAL, BATRAC improves functional motor
Intervention: BATRAC
experi63.8 y,
Intensity: 4x 5 min/d (20 min/d) during 6 wk
ROM and strength
performance of the paretic upper extremity
mental
range chronic:
as well as a few changes in isometric
measured before and
study
44-89 y mean 6.5 y
strength and range of motion.
after intervention
after stroke,
range 1-30 y
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Type of
stroke

acute:
mean 6 d +
2.6 d after
stroke

-

Yes

(Primary) Outcome

ARAT, BI and FIM

CIMT during acute rehabilitation was
associated with less arm impairment at
the end of treatment.

5
failure at
questions:
3,5,6,10,11

5
failure at
questions:
3,5,6,9,11

7
failure at
questions:
4,5,6

5
failure at
questions:
3,5,6,9,11

Methodological
quality**
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Conclusions (author)

More intensive (i.e. more time spent in)
training may be beneficial. Therefore, it is
not unlikely that any (as yet unproved)
effect of CIMT is the result of more
training

ARAT and RAP

CIMT vs Conventional therapy

Restraint of the unaffected arm and
practice of functional movements with the
impaired limb proved to be an effective
means of restoring substantial motor
function in chronic stroke patients.

Forced use therapy vs bimanual training based on
NDT

CIMT vs Traditional therapy

E: 6 hrs/d unaffected arm immobilized by splint and
sling, 5d/wk during 12 days.

E+C: treatments for 2 hours/day, 5 d/wk for 2 wk;
E: the unaffected hand wore a padded mitten for at
least 6 hrs/d during 2 weeks.

measured at the start
and at the end of the 2week treatment period

ARAT, RAP, FMA and
A small but lasting effect of forced use
MAL
therapy on the dexterity of the affected
arm (ARAT) and a temporary clinically
measured at 3 and 6 wk relevant effect on the amount of use of the
and after 6 and 12 mo
affected arm during ADL (MAL amount of
use). No effect on ADL (RAP)

Training with unaffected arm restrained vs attention
EMF, AMAT and MAL
training affected arm
measured 2 weeks after
E : unaffected arm in splint/sling during walking hours start training and at 1 mo
for 2 weeks; on 10 days 6 hours training of the
and 2 y after training
affected arm.

Ext.
Characteristics of intervention
val.*
yes/no

Domain: Hand and arm use
Subdomain: Constraint-Induced Movement therapy (CIMT) [F.8]

Age
+ SD

Grade of Recommendation: 1
N (E/C)

n = 3 RCT’s
n = 99 patients
at the start of
the studies
Taub et al. 1993
Van der Lee et
al. 1999
Dromerick et al.
2000

median type: ?
64 y

median types: all
Yes
61 y,
range chronic:
22-80 y median 3 y,
range 1-20 y

10 at the start,
10% drop-outs
9 (4/5)

66 (33/33)
5% drop-outs,
62 (31/31)
completed the
study

mean:
66.5 y
+ 9.5 y,
range
47-83 y

chronic:
median 4.3 y
after stroke,
range 1-18y

RCT

23 at the start
13% drop-outs,
20 (11/9)
completed the
study

Yes

RCT

6 (2 / 2 / 2)

type: iCVA

RCT

RCT

CR

Study
Design
(reference+
publication year)
Van der Lee 2001

Taub et al. 1993

Van der Lee et al.
1999

Dromerick et al.
2000

Page et al. 2001

mean: type: iCVA
Yes
55.8 +
11.6 y, post-acute:
range mean 4.6 mo
44-77 y after stroke,
range 2 - 5.5
mo

Training affected arm (E1) vs Traditional PT and OT FMA, ARAT, WMFT and Results suggest that modified CIMT may
(E2) vs No therapy (C)
MAL
be an efficacious method of improving
function and use of the affected arms of
E1: 3x/wk 60 minutes during 10 weeks, in which lower measured at the start
patients exhibiting learned non-use.
arms and hands were restrained every weekday for 5 and at the end of the 10hours. The unaffected arm immobilized by splint and week treatment period
sling, 5d/wk for 5 hrs/d during 10 weeks.
E2: 3x/wk 60 minutes during 10 weeks; traditional PT
and OT
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N (E/C)
Ext.
Characteristics of intervention
val.*
yes/no

Age
+ SD
Type of
stroke

14 (4 / 5 / 5)

Domain: Hand and arm use
Subdomain: Constraint-Induced Movement therapy (CIMT) [F.8]

RCT

Design
Study
(reference+
publication year)
Page et al. 2002

mean: type: iCVA
Yes
64.8 +
11.7 y, post-acute:
range mean 4.4 mo
45-83 y after stroke,
range 4 - 6
mo

(Primary) Outcome

Training affected arm (E1) vs Traditional PT and OT FMA, ARAT and MAL
(E2) vs No therapy (C)
measured at the start
E1: 3x/wk 60 minutes during 10 weeks, in which lower and at the end of the 10arms and hands were restrained every weekday for 5 week treatment period
hours (stretching affected UE, dynamic stand/balance
activities and gait training). The unaffected arm
immobilized by splint and sling, 5d/wk for 5 hrs/d
during 10 weeks.
E2: 3x/wk 60 minutes during 10 weeks; traditional PT
and OT, based on PNF-principles or compensatory
techniques.

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

5
failure at
questions:
3,5,6,10,11

4
failure at
questions:
3,5,6,9,10,11

Modified CIMT may be an efficacious
method of improving affected arm function
and use in stroke patients exhibiting
learned non-use

Sterr et al. 2002
RCT
15 (7 / 8)
Yes
Evaluate and compare the effects of 3-hour vs 6-hour MAL and WMFT
mean: type: all
The 3 –hour CIMT training schedule
13 patients with 59.2 y
daily training sessions in CIMT
significantly improved motor function in
stroke and 2
measured 2 weeks after chronic hemiparesis, but it was less
(range chronic:
E +C: 6 hrs or 3 hrs respectively, CIMT with constraint start training and 4
with TBI
23-77 mean 4.8 y +
effective than 6-hour training schedule.
4.7 y. after
of unaffected arm for a target of 90% of waking hours follow-up measurements
y.)
stroke, range
Treatment was given every weekday for 14
in the a 1-month period
1-17 y
consecutive days
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Hand and arm use
Subdomain: NMS – wrist extension [F.9]

Type of
stroke

-

Ext.
Characteristics of intervention
val.*
yes/no

(Primary) Outcome

-

measured after
treatment and 4 and 12
wk after treatment

FMA and FIM

measured in three
separate testing
sessions at 48 hrs
intervals (Monday,
Wednesday and Friday)

Muscle fatigue

measured weekly for 4
wk-period

Wrist extension torque
and ROM

Assessment of the available evidence on the effect of therapeutic electrical stimulation of the affected upper
extremity in improving motor control and functional
abilities after stroke.

type: TEI

post-acute:
mean < 3 mo
after stroke,
range
1mo-4y

Yes

No

No

Grades of Recommendation: 2+3
N (E/C)
Age
+ SD

age: ?

n = 6 RCT’s
n = 207 patients
at the start of
the studies
Bowman 1979
Sonde 1998
Chae 1998
Francisco 1998
Powell 1999
Cauraugh 2000

30 (15/15)
lacking normal
voluntary wrist
extension
post-acute:
range 3wk to
4 mo after
stroke,
mean + SD:?

RCT

18
mean:
6 randomly
67y
assigned
treatment
groups,
full wrist
extension ROM

type: ?

RCT

RCT

SR

Study
Design
(reference+
publication year)
de Kroon et al.
2002

Bowman et al.
1979

Packman-Braun
1988

Chae et al. 1998

Intervention: Additional positional feedback and
electrical stimulation treatment vs Conventional
treatment
Intensity: E+C: 5 d/wk for 4 wk
E: additional 2x/d 30 minutes for 4 wk
NMS-characteristics: stimulation duty cycle: 2-10 s.
followed by off-period of 10-60 s.; pulse width 200 μs.,
frequency 35Hz
Electrodes: stimulation of (not specified) wrist
extensor muscles
Intervention: Testing in random order different
stimulus duty-cycle ratios of 1:1, 1:3 and 1:5
Intensity: for each ratio: max 30 minutes treatment
time or to reach point of fatigue
NMS-characteristics:; rise time of 2 s.; fall time set at
0 s. on time set at 7 s. (=2 s. rise and 5 s. peak ontime; off time set at 5, 15 or 25 s to provide duty
cycles ratios of 1:1, 1:3 and 1:5; asymmetrical
biphasic square waveform (40mA); pulse with 300 μs
and frequency 36Hz
Electrodes: stimulation of (not specified) wrist
extensor muscles of dorsal forearm
Intervention: Additional surface NMS vs additional
placebo stimulation
Intensity: E+C: 1 hrs/d, total of 15 sessions (= 3wk)
NMS-characteristics: stimulation duty cycle 10s. on
and 10s. off, pulse was a symmetric biphase (060mA), pulse width 300 μs., frequency 25-50Hz
Electrodes: E: stimulation of the mm. ext. dig. comm.
and ext. carpi rad. and C: electrodes placed away
from all motor points, producing only cutaneous
stimulation just beyond sensory threshold and without
motor activation
46 (25/21)
mean: type: all
with upper ex- 59.7y +
tremity paresis 13.1y sub-acute:
mean 15.7d
(FMA<44)
+ 6.5d after
39% drop-outs
stroke
after randomisation for reasons
of pain/discomfort,28 (14/14)
completed the
study

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

Analysis of the results of this study
revealed that the duty-cycle ratio is an
important factor affecting the onset of
muscle fatigue. Furthermore a duty-cycle
ratio of at least 1:5 should be used to
enhance the effects of NMS to the wrist
extensor muscles of patients with
hemiparesis.

PFST showed great increase of wrist
isometric extension torque and ROM

6
failure at the
questions:
3,5,6,9

4
failure at the
questions:
3,4,5,6,7,9

3
failure at the
questions:
3,4,5,6,8,9,
10

The present review suggests a positive
effect of electrical stimulation on motor
control. No conclusions can be drawn with
regard to the effect on functional abilities.

NMS enhances the upper extremity motor
recovery of acute stroke survivors.
However, the sample size was too small
to detect any significant functional benefit
of neuromuscular stimulation on self-care
function
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Domain: Hand and arm use
Subdomain: NMS – wrist extension [F.9]
N (E/C)
Ext.
Characteristics of intervention
val.*
yes/no

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

Type of
stroke

Study
Design
(reference+
publication year)

7
failure at the
questions:
5,6,9

Age
+ SD

Yes
Intervention: Standard treatment plus ES vs standard ARAT, grip strength
Powell et al. 1999 RCT
60 (30/30)
ES of wrist extensors enhanced the
mean: type: all
MRC wristtreatment
(Jamar hand
recovery of isometric wrist extensor
67.7y +
extension < 4/5, 11.5y sub-acute:
Intensity: E: 3x/d 30 minutes for 8 wk
dynamometer), muscle strength in hemiparetic stroke patients;
mean 23.4d
NMS-characteristics: 1s. ramp-up and 1.5s. ramp20% drop-outs
tone and NHPT
upper limb disability was reduced after 8
down; muscle contraction/relaxation ratio was
+ 6.6d after
48 (25/23)
wk of ES therapy, with benefits most
stroke
progressively increased by shortening the relaxation measured at 4 wk, 8 wk apparent in those with some residual
completed the
period (from 5/20 s. on/off time, to 5/10 and 5/5 s.);
(=end of the treatment), motor function at the wrist. Not clear how
study
pulse width 300 μs and frequency 20Hz
20 and 32 wk (= 24 wk
long improvements maintained after ES is
60 of 621
Electrodes: stimulation of mm. ext. carpi rad., ext.
after finish treatment)
discontinued.
carpi uln. and ext. dig. comm.
patients
submitted
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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mean: type: all
61.6 y.
+ 9.6y. chronic:
mean 3.5 y.
+ 2.6y. after
stroke

Intervention: EMG-triggered feedback therapy and PT
vs only PT
E: EMG-triggered feedback therapy with Automove
stimulator
C: PT; UE was moved trough a range of motion and
stretched, then they tried to voluntary lift their wrist
Electrodes: wrist extensors
Intensity: 60 min, 3 d/wk for 2 wk
Intervention: EMG-triggered feedback therapy and
movement imaginary vs conventional
electrostimulation
E: EMG-triggered feedback therapy and movement
imaginary with Automove stimulator
C: conventional electrostimulation
Electrodes: wrist extensors
Intensity: 30 min, 5 d/wk for 12 wk

Conclusions (author)

5
failure at the
questions:
3,5,6,8,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Subjects treated with EMG-triggered
neuromuscular stimulation exhibit
significantly greater gains in FMA and FIM
scores compared with controls

3
failure at the
questions:
3,4,5,6,7,9,
11

(Primary) Outcome

Evidence support the use of EMGtriggered neuromuscular electrical
stimulation treatment to rehabilitate wrist
and finger extension movements of
hemiparetic individuals more than 1 year
after stroke

5
failure at the
questions:
3,5,6,7,9

BB, FMA, Motor
Assessment Scale and
muscle force
measured at 2 wk

4
failure at the
questions:
3,5,6,7,8,9

FMA and ARAT
No statistically significant effect between
the 2 groups for Fugl-Meyer scores and
measured at 12 wk and ARAT-scores at 12 wk and 1 year after
1 y. after start treatment start treatment.

Intervention: EMG-triggered feedback therapy and PT FMA (UE) and FIM
vs only PT
measured at 6 wk
E: EMG-triggered feedback therapy with Automove
stimulator
C: PT; neuromuscular re-education, ROM-exercises,
strengthening, neuromuscular facilitation and
functional training
Electrodes: wrist extensors
Intensity: 30 min, 5 d/wk for 6 wk

Ext.
Characteristics of intervention
val.*
yes/no

No

Yes
mean: type: iCVA
64.9 y.
+15.9y. sub-acute:
mean 18d. +
2.4d. after
stroke

Type of
stroke

Domain: Hand and arm use
Subdomain: EMG-triggered feedback [F.10]

N (E/C)

9(5/4)
with wrist
extension with
muscle grade
less than 3
(range 0-5)
9 of 16
completed the
study (44%
drop-outs)
11 ( 7 / 4 )
with UEimpairments
(less than 20
degrees of
voluntary wrist
extension)
27 ( 14 / 13)

Age
+ SD

Grade of Recommendation: 2

RCT

RCT

Study
Design
(reference+
publication year)
Francisco et al.
1998

Cauraugh et al.
2000

Hemmen et al.
RCT
(congress abstract,
2002)

?
mean: type: all
61.4 y.
+ 2.4y., post-acute:
range mean 55d. +
31-76y. 7.6d. after
stroke,
range 22222d.

FMA, grip strength
Chronic stroke patients can achieve and
No
Intervention: EMG-triggered vs low-TENS vs
Kraft et al. 1992
CCT
22 with upper
mean: type: all
(Jamar) and finger
maintain functional improvements,
limb paresis,
conventional (PNF) treatment vs no treatment
63.6y +
8.4y,
chronic :
tapping test (Reitan)
especially by combining electrical
E1: EMG-triggered feedback with Automove
18 (6/4/3/5)
range mean 25.9
stimulator
stimulation techniques with voluntary effort
measured at 3, 6 and 12
completed the 46-78 mo + 12.9mo
E2: low-TENS, 5x/wk, 30min. for 3mo,
mo
E3: PNF-therapy
study (18%
C: no treatment
drop-outs)
Electrodes: wrist extensors
Intensity: 36 1-hrs-sessions during 3 months
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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-

Type of
stroke

-

Determine whether EMG-BF improves function after
stroke

Ext.
Characteristics of intervention
val.*
yes/no

ARAT, FMA, UEFT and
strength

ARAT, FMA, UEFT, time EMG-BF may be a useful therapy for
to trace circle with
stroke patients, but unproven.
olecranon

(Primary) Outcome

No statistically significant improvements
can be calculated in superiority of EMGBF

-

-

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

-

Examine the efficacy of EMG-BF for improving upper
limb function

ROM

Conclusions (author)

-

Evaluate the efficacy of BF-therapy

-

Results of pooling available RCT’s do not
support the efficacy of biofeedback in
restoring ROM in hemiparetic joints

3
failure at the
questions:
3,4,5,6,9,10,
11

-

BFM stages, muscle
tone, function and
coordination

Greater benefits in EMG-BF group in most
fields of testing and the patients in this
group had a greater degree of control over
patterns of movement in upper limb and
the relaxation of spastic groups
mean: type: all
No
52.4 y.,
range chronic:
22-67y. mean 18 mo
after stroke,
range 6-69
mo

Intervention: comparing EMG-BF with conventional
PT for UE
E: EMG-BF limited to 3 or 4 muscle groups (finger –
and wrist muscles) in seated position
C: conventional methods based on Bobath- and
Brunnström-techniques
EMG/BF-characteristics: visual and auditory signals
Electrodes: at wrist and at the active muscle belly
Intensity: 1 hrs, 2 d/wk for 6 wk ( = 12 sessions)

measured at 2 wk after
start treatment

AROM and muscle
activity

measured at 6 wk

6
failure at the
questions:
3,5,6,9

Domain: Hand and arm use
Subdomain: EMG and Biofeedback [F.11]

Age
+ SD

Grade of Recommendation: 1
N (E/C)

11 ( 6 / 5 )
with an upper
limb with
moderate to
severe paresis
and poor
functional
movements

-

n = 4 RCT’s
n = 122 patients
(in SR totally 8
RCT’s, 4 of UE)
Basmajian et al.‘82
Wolf et al. ‘83
Inglis et al. ‘84
Crow et al. ‘89

n = 6 RCT’s
n= 167
Crow et al. ‘89
Basmajian et al. 82
Basmajian et al.‘87
Prevo et al. ‘82
Hurd et al. ‘80
Smith ‘79

n = 3 RCT’s;
n = 82 patients

RCT

24 (12 / 12)

(in SR totally 8
RCT’s, 2 of UE)
Inglis et al. ‘84
Hurd et al. ‘80
Greenberg&Fowler
‘80

RCT

SR

SR

SR

Study
Design
(reference+
publication year)
Schleenbakker&
Mainous 1993

Moreland &
Thomson 1994

Glanz et al. 1995

Smith 1979

Hurd et al. 1980

No significant differences was found
between actual EMG/BF and simulated
EMG/BF in AROM, measured in degrees,
and muscle activity, measured in
microvolts.

Yes
mean: type: ?
57.6 y
+ 18.7y post-acute:
mean 77d. +
56d. after
stroke

Intervention: actual EMG/BF vs simulated EMG/BF
E: received actual EMG/BF; visual and audio
feedback to produce contractions of m. deltoid
C: simulated (placebo) EMG/BF (same conditions)
EMG/BF-characteristics: audio feedback was given in
the form of a constant pitched tone. Visual feedback
in the form of a voltmeter whose scale of deflection
could be adjusted to correspond to the range of the
patients responses.
Intensity: 5d/wk; 10-15 trials in each 20 min session
during 2 wk
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N (E/C)
Age
+ SD

Type of
stroke

Yes

Ext.
Characteristics of intervention
val.*
yes/no

post-acute:
mean 7 wk
after stroke

(Primary) Outcome

MPQ and range of
movement
measured at 1 and 2 wk

UEFT, NHPT, grip
strength (mmHg) and
pinch strength (pounds)
measured at the end of
treatment

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

6
failure at the
questions:
3,5,6,9

No statistically significant differences were 5
found between the two interventions.
failure at the
questions:
3,4,5,6,9

EMG-BF appears to be more effective
when upper limb involvement is not
severe in a late case or when treatment is
started early (within 3 mo post stroke) in a
severe case

No statistically significant superiority of
one therapy over the other

7
failure at the
questions:
5,6,9

5
failure at the
questions:
3,5,6,8,9

3
failure at the
questions:
3,5,6,7,8,9,
11

There were no significant differences
between the groups before treatment or at
follow-up, but at the end of treatment
those who received EMG-BF scored
significantly higher on test of arm function.
Patients with severe impairment were
shown to benefit most from EMG-BF.

Oxford scale (muscle
Both the experimental and the control
strength), AROM of UE, groups benefited from their treatment, but
FMA and picture
EMG-BF was shown to have an additional
goniometry
(not statistically significant) effect, both in
the experimental patients and in the
measured at 4 and 8 wk control patients when they switched over
the experimental treatment condition

UEFT and finger
oscillation test
measured at 5 wk and
after 9 mo (follow up)

Intervention: evaluate EMG-BF vs EMG with placebo ARAT and FMA
feedback; both incorporated in regular PT
measured at 6 and 12
E: EMF-BF to normalize muscle tone, gain active
wk
movement and the aim for functional goals
C: placebo EMG-BF; therapy directed to same goals
EMG/BF-characteristics auditory and visual feedback
(for C switched off)
Electrodes: trapezius, pectoral or deltoid muscles
Intensity: 18 sessions over a 6 wk-period

Intervention:comparing EMG-BF vs relaxation-therapy
E: 0.5 hrs on 5 consecutive days EMG-BF
C: 0.5 hrs on 2 consecutive days relaxation therapy
(RIP) based on Jacobson method (sitting position with
involved arm supported on pillow)
EMG/BF-characteristics: audio- and light feedback
Electrodes: mm. latissimus dorsi and teres major
Intensity: 1 wk BF and 1 wk relaxation; changing after
1 week
Intervention: regular PT with addition of EMG-BF vs
regular PT
E: additional EMG-BF
C: regular PT using a neurophysiological approach
EMG/BF-characteristics: EMG-BF for both muscle
recruitment and inhibition
Electrodes: ?
Intensity: 40 min 3 d/wk for 5 wk
Intervention: EMG-BF and PT vs PT alone in
treatment of hemiparetic upper limb in stroke patients
E: EMG-BF to relax, contract and to increase strength
in UE
C: neuromuscular facilitation techniques to relax,
contract and to increase strength in UE
EMG/BF-characteristics: visual and/or auditory signal,
which enabled patient to monitor relaxation or tension
in particular muscle groups
Electrodes: relevant muscles of affected UE (deltoids,
biceps, triceps, wrist flexors and extensors and
intrinsic muscles of hand)
Intensity: 20 sessions of 60 min., 3 d/wk ; after these
sessions changing the groups for another 20 sessions
Intervention:integrated behavioral PT vs traditional PT
E: cognitive behavioral model. During sklill acquisition
EMG feedback gaols are learned
C: traditional PT based on Bobath exercises
EMG/BF-characteristics: EMG output of lights+sounds
Electrodes: many of main muscle groups of the UE
Intensity: 45 min at 3 d/wk for 5 wk
type: first
stroke

Domain: Hand and arm use
Subdomain: EMG and Biofeedback [F.11]
Study
Design
(reference+
publication year)
Williams 1982

RCT,
20 ( 10 / 10 )
cross over with painful
design
hemiparetic
shoulder
mean:
63.5 y.
+ 11.8,
range
37-81y.

mean: type: ?
Yes
64 y.
range post-acute:
40-79y. mean 3.2
mo after
stroke, range
2-6 mo

RCT

Basmajian et al.
1982

RCT,
No
30 ( 15 / 15 )
mean: type: ?
cross over with residual UE 60.6 y.
design
impairment
+ 7.8y. chronic:
mean 18.6 +
19.7 mo after
stroke

37 ( 19 / 18 )
with residual
defect in upper
limb function

Inglis et al. 1984

RCT

RCT

Basmajian et al.
1987

Crow et al. 1989

29 ( 13 / 16 )
Yes
mean: type: first
with some
62 + 10 stroke
ability to extend y.,
range post-acute:
the wrist and
39-79y. mean 16+9.2
fingers
wk after
stroke, range
4-44wk
Yes
mean: type: all
67.7 y.
+ 10y. post-acute:
range mean ?
43-89y. (between
2-8wk) after
stroke
42 (21 / 21 )
had some arm
function, i.e. at
least flicker of
activity around
shoulder girdle

40 completed
the study (5%
drop outs); 39
completed
follow up
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N (E/C)
Age
+ SD

Type of
stroke

Yes

Ext.
Characteristics of intervention
val.*
yes/no

??:
mean ??
after stroke

Intervention: evaluation of transfer of effects of
feedback to performance of 2 tasks that were
considered highly similar vs no EMG-feedback
E: received EMG feedback from the spastic elbow
flexor muscles during tracking of targets moving at
different velocities and amplitudes.
C: did not receive EMG feedback
EMG/BF-characteristics: visual targets
Electrodes: triceps, brachialis and biceps and
brachioradialis
Intensity: 16 sixty seconds trials

mean: type: ?
58 y.,
range chronic:
36-70y. mean ? after
stroke
(at least 1 y.
ago)

Intervention: comparing EMG-BF vs conventional PT
E: EMG BF to proximal and distal muscle group,
agonists and antagonists
C: training of whole hemiparetic arm to improve
function (Bobath)
EMG/BF-characteristics: audio visually feedback
Electrodes: proximal and distal muscle group,
agonists and antagonists
Intensity: 1 hrs, 3 d/wk for 2.5 mo (28 sessions)

16 ( 8 / 8 )
mean:
could perform at ?? y. .
least 30
degrees active
elbow flexion
and extension
across gravity

18 ( 9 / 9 )
with impaired
arm – and
handfunction

31 (22 / 9 )

type: first
stroke

Domain: Hand and arm use
Subdomain: EMG and Biofeedback [F.11]

CCT

RCT

Study
Design
(reference+
publication year)
Bate et al. 1992

Grade B
Prevo et al. 1982

CCT

mean: type: ?
55.5 y.
+ 14y.

chronic:
mean 3.6y. +
3.4y. after
stroke

Intervention: EMG-BF treatment vs no treatment
E: EMG-BF treatment to involved upper extremity
C: no form of concurrent physical rehabilitation
EMG/BF-characteristics: audio and visual feedback
Electrodes: upper trapezius, pectoralis major, biceps
brachii, wrist and finger flexors
Intensity: 45-60 min.; 2-3 d/wk; 60 sessions in
approximately 6 mo (range 5-9 mo)

(Primary) Outcome

2
failure at the
questions:
3,4,5,6,7,8,9,
11

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

3 active and passive
Transfer tests failed to demonstrate
tracking tasks to
effects of feedback on accuracy of
measure muscle activity tracking or on EMG activity during
(EMG) and tracking error performance of the practised task without
feedback. Moreover, the group that was
measured before and
trained with EMG feedback exhibited
after training
negative transfer on variant of the
practised task: tracking faster or less
predictable targets

2
failure at the
questions:
2,3,5,67,9,
10,11

Conclusions (author)

FMA, muscle force, EMG The most prominent effect after ending the
and Jebsen Tests
EMG-BF was a decrease in abnormal cocontractions in the exclusively trained
muscles, comparing with the untrained
muscles

3
failure at the
questions:
2,3,5,6,7,9,
11

measured at end of
treatment

EMG and time to make a The group receiving feedback training
circle with tip of
showed significant improvements in
olecranon
neuromuscular measures but not in
functional measures
measured ~2, 4 and 6
mo (respectively after
20, 40 and 60 sessions)

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Wolf & Binder
1983

*
**
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Domain: Hand and arm use
Subdomain: TENS [F.12]

N (E/C)

60 (30/30)

28 (18/10)

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

Treatment protocol consisted 12 sessions (4wk)
Active TENS vs placebo-TENS

(Primary) Outcome

AS and BI

High-density TENS vs low density TENS vs placebo PROM
stimulation
measured at 4 and 12
E1: high-intensity TENS: 5x/wk basic-PT + 3x/wk
wk after start treatment
high- density TENS; square pulses of 0.2 ms.,
frequency 100Hz; intensity at threshold level (4-9mA)
for low-TENS and at 3 times the threshold level for
high-TENS:
E2: low-intensity TENS: 5x/wk basic-PT + 3x/wk lowdensity TENS
C: 5x/wk basic-PT + placebo-stimulation

No

Yes

type: iCVA
post-acute :
mean 3.1 mo
+ 2.3 mo
after stroke

post-acute :
mean 43 d +
12d

E :5x/week; 60 minutes TENS for 3 months; stimulus
frequency of 1.7 Hz in pulse trains (8 pulses with
interval of 14 ms.; electrodes on wrist extensors and
in 21 of 26 persons also over elbow extensors or
shoulder abductors and 2x/wk PT
C: 2x/week PT

Measured 3 years after
intervention

FMA, MAS and BI,

measured at 3 months

E: electrodes on triceps brachii (extensors elbow) and measured at 8 wk after
peroneal nerve posterior; square pulses of 0.2 ms.; at start treatment
frequency of 100Hz;
E+C:exercise program daily(5x/wk) + 5x/wk,0.5hrs/d
active or placebo-TENS during 8 wk (40 sessions)
FMA, MAS, VAS (pain)
Low-TENS (1,7Hz) + PT vs PT without TENS
and BI,
chronic :
mean 8.8 mo
after stroke +
2.2 mo

Follow-up: 3 years after initial treatment was
completed

No

chronic:
No
mean 47 mo,
range 42-56
mo

44 (26/18)
mean: type: ?
with paretic arm 71.8y +
5y
and FMA<50

mean: type : ?
54.1y +
6.2y

60 (20/20/20)
mean:
with hemiplegic 66y +
5.8y
shoulder pain

Age
+ SD

Grade of Recommendation: 1
Study
Design
(reference+
publication year)

RCT

RCT

Leandri et al. 1990 RCT

Tekeoglu et al.
1998

Sonde et al. 1998

RCT

mean:
71y +
5,2 y

Stimulation using low –TENS could be a
valuable complement in the usual training
of arm and hand function for rehabilitation
of stroke patients. Patients with less
severely affected arms showed greatest
improvements. The low-TENS did not
decrease either pain or spasticity

TENS appears to be an effective adjunct
in the regaining of motor functions and
improving ADL in hemiplegic patients, but
the accidental inbalance in severity of
disability at entry makes interpretation
uncertain

High-intensityTENS may be a valuable
technique in treating hemiplegic shoulder
pain, whereas traditional low-density
TENS seems to be of no use in such
case.

Conclusions (author)

3
failure at the
questions:
3,4,5,6,7,8,9

4
failure at the
questions:
3,5,6,7,8,9

5
failure at the
questions:
3,4,5,6,9

4
failure at the
questions:
3,5,6,8,9,10

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Low TENS stimulation started 6-12
months after stroke may not have a
specific effect on arm motor function years
after completion of treatment

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Sonde et al. 2000

*
**
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Domain: Hand and arm use
Subdomain: NMS - shoulder [F.13]

N (E/C)

n = 4 RCT’s
n = 170 patients
Faghri et al. 1994
Leandri et al. 1990
Linn et al. 1999
Sonde et al. 1998

n = 5 RCT’s
n= 1 CCT
n = 183 patients
Baker & P. 1986
Faghri et al. 1994
Kobayashi 1999
Linn et al. 1999
Wang et al. 2000
Wang et al. 2002

n = 5 RCT’s
n = 266 patients
Baker & P. 1986
Faghri et al. 1994
Kobayashi 1999
Linn et al. 1999
Chantraine 1999

same subjects

mean:
26 (13/13)
67 y +
13 y
with shoulder
muscle flaccidity
/ paralysis

Type of
stroke

sub-acute:
mean 16.5 d
+ 5 d after
stroke

type: ?

63 (31/32)
mean: type: ?
with a minimum 55.5 y,
of 5 mm chronic range post-acute:
GHS
27-74 y mean 47 d
after stroke,
range
14-258 d

Age
+ SD

Grade of Recommendation: 1

SR

SR

Study
Design
(reference+
publication year)
Price & Pandyan
2001

Ada and
Foongchomcheay
2002

RCT

RCT

Turner-Stokes and CR
Jackson 2002

Baker & Parker
1986

Faghri et al. 1994

Faghri et al. 1997

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

Determine the efficacy of any form of surface ES in
the prevention and/or treatment of pain around the
shoulder at any time after stroke

Small population numbers. No significant change in pain; there was a significant
change in favour of ES for improvement in
PHLR; ES reducing severity of GHS; no
significant effect on upper limb motor
recovery or upper limb spasticity.

FES appears to offer potential benefits, as an addendum to normal therapy, for both
the treatment, and probably the prevention
of subluxation.

-

Evidence supports the use of electrical
stimulation early after stroke for the
prevention of, but not late after stroke for
the reduction of, shoulder subluxation.

Evaluate the use of FES in the management of HSP
and subluxation.

NMES of the muscles surrounding the
shoulder is an effective method of early
mobilisation, especially for the patient
experiencing shoulder pain. Shoulder
subluxation reduced significantly at the
completion of a six week NMES program.

4
failure at the
questions:
3,5,6,7,8,9

4
failure at the
questions:
3,5,6,7,8,9

Intervention: NMES vs Conventional treatment (hemi- X-ray and perceived pain
slings or wheelchair arm supports); NMES = NMS
Intensity: 5 days/week, 1.5 to 6-7 hrs/d for 6 wk
measured at 6 wk and 3
NMS-characteristics: ON-OFF ratio = 1:3; increasing mo after start treatment
in stimulation tolerance were attained by lengthening
ON-time by 2 s.-intervals every 1 or 2 d (max. 24 s.,
max.ON-OFF ratio is 24:2), frequency varied between
12-25Hz
Electrodes: stimulation of the posterior deltoideus and
supraspinatus muscles

measured 6 and 12 wk
after start of training.

FNS could facilitate the arm and shoulder 4
muscles recovery process

SLROM, EMG, modified NMS was effective in reducing the severity
Bobath assessment
of shoulder subluxation and pain, and
chart and X-ray
possibly facilitating recovery of arm
function

Subluxation

Examine the efficacy of surface electrical stimulation Subluxation
for the prevention or reduction of shoulder subluxation
after stroke.

Ext.
Characteristics of intervention
val.*
yes/no
-

Yes

No

No

Intervention: Additional NMS vs Conventional PT (no
placebo-NMS); NMS named FNS in this study
Intensity: 1.5 hrs up to 6 hrs/d (7d/wk) for 6 weeks,
followed by a nontreatment period of 6 wk
NMS-characteristics: contraction/relaxation ratio progresssively increased (10/12 s. to 30/2 s. ON-OFF),
frequency 35 Hz to create a tetanized contraction
Electrodes: stimulation of supraspinatus and posterior
deltoideus muscles

V-12/2004

209

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

N (E/C)
Age
+ SD

Yes

Ext.
Characteristics of intervention
val.*
yes/no

Type of
stroke

40 (20/20)
MMT< 2

Yes

same study

Intervention: Additional ES vs Conventional PT + OT
Intensity: 4x/day (30-60 minutes); 7d/wk during 4 wk
NMS-characteristics: duty cycle 15 s. on, including
ramp up of 3s. and ramp down of 3 s. and 15 s. off;
asymmetrical biphasic pulses with a pulse width of
300 μs. and frequency of 30Hz
Electrodes: stimulation of supraspinatus and
posterior deltoideus muscles.
Intervention: NMS vs Routine therapy;
E1: short duration of hemiplegia (< 21 d);
E2: long duration of hemiplegia (> 365 d);
E1+E2: A-B-A study design: A=NMS, B=routine
therapy; each period lasted 6 wk (total 18 wk);.
Intensity: 5 sessions/wk; started with 3x/30min/d to
st
single 6 hrs/d during 1 wk, following 5 weeks 6hrs/d
NMS-characteristics: on-off ratio = 1:3; increasing in
stimulation tolerance achieved by prolonging ON-time
by 2 s.-intervals every 1 or 2 d (max. 24 s., max.ONOFF ratio is 24:2); frequency individually varied.
Electrodes: stimulation of the posterior deltoideus and
supraspinatus muscles

mean: type: all
72 y,
range acute:within
45-84 y 48 hrs of
their stroke

E2:
chronic:
mean 430d +
46d after
stroke
same study

type : ?
chronic :
mean 115
mo + 72 mo
after stroke

Yes

Yes
mean: type: all
57.3 y,
range E1:
40-72 y sub-acute:
mean 15 d +
3d after
stroke

same study

mean:
61 y +
9.9 y

32 (8 / 8 / 8 / 8)
with a minimum
of 9.5 mm of
acromiohumeral
distance;divided
in 2 groups:
long and short
duration

Domain: Hand and arm use
Subdomain: NMS - shoulder [F.13]

CCT

RCT

RCT

RCT

Study
Design
(reference+
publication year)
Linn et al. 1999

Wang et al. 2000

Wang et al. 2002

Grade B
Kobayashi et al.
1999
24 at the start,
29% drop-outs
17 (6/6/5)
with downward
GHS,
completed the
study

Intervention : Conventional PT + additional TES vs
Conventional PT ; TES = NMS
C: refused or not able to undergo TES
Intensity :2x/d increasing 2-15 minutes; 5d/wk for 6 wk
NMS-characteristics: stimulation time was 15 s.
including 3 s. rising and 2 s. falling time; pulse
duration of 300 μs. and frequency 20Hz;
Electrodes: E1 stimulation of supraspinatus muscle
and E2 stimulation of the middle deltoid muscle

(Primary) Outcome

PHLR, Motor
Assessment Scale and
X-ray
measured at 4 and 12
wk after stroke

X-ray
measured at 6, 12 and
18 weeks

BFM
measured at 6, 12 and
18 weeks

Electrical stimulation can prevent shoulder
subluxation (significant less subluxation
and pain after treatment), but this effect
was not mentioned after the withdrawal of
treatment

Conclusions (author)

4
failure at the
questions:
3,4,5,6,8,9

7
failure at the
questions:
3,5,6

Methodological
quality**
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This study suggests that hemiplegic
subjects with short postonset duration are
effectively trained for shoulder subluxation
by the first NMS treatment program. The
same NMS showed not to be effective
when applied to the subjects with
subluxation of more than 1 year.

4
failure at the
questions:
2,3,5,6,7,9

6
failure at the
questions:
3,5,6,9

This study suggests that patients with
5
hemiplegia of short duration are effectively failure at the
trained by NMS for motor recovery.
questions:
3,5,6,8,9

X-ray, EMG, VAS (pain) Six weeks of TES on either the
and MAS.
supraspinatus or the middle deltoid
muscle were effective in reducing
subluxation of the hemiplegic shoulder
joint and in increasing EMG-activity and
force produced by stimulated muscle.
measured at 6 wk after
start treatment

PROM, VAS (pain), and NMS was significantly effective in
Chantraine et al.
CCT
120 (60/60) at
mean: type: 19 TBI, Yes
Intervention: Conventional rehabilitation according
X-ray,
reducing the severity of subluxation and
1999
the start,
Bobath concept + additional NMS vs Conventional
52.5 y 9 hCVA, 92
pain possibly may have facilitated
115 (57/58) with + 13,5y iCVA
rehabilitation according Bobath concept
measured at 2-4 wk after recovery of the shoulder function in
painfull and
Intensity: 130-150 minutes/day during 5 wk
causal lesion and after 6, hemiplegic patients. Improvement from
NMS-characteristics: 3 sequences with variable
GHS-shoulder
sub-acute:
12 and 24 mo
characteristics contraction time ON-OFF is 1:5,
NMS-treatment maintained for at least 24
completed the
2-4 wk after
impulsion time is 350 μs., frequency varied from 1Hz,
months
study
causal lesion
to 8Hz to40 Hz
Electrodes: on hemiplegic shoulder (not specified)
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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Domain: Hand and arm use
Subdomain: Active therapy in hemiplegic shoulder pain [F.14]

N (E/C)

Age
+ SD
Type of
stroke

Characteristics of intervention
Ext.
val.*
yes/no

mean: type: ?
Yes
58+10y
range post-acute:
47-69y. mean 4.7mo
+ 4.7 mo
after stroke

Intervention: evaluate the effectiveness of three
different treatments to reduce pain in the hemiplegic
shoulder.
E: Two treatment groups E1 and E2 received also the
group C ROM-exercises and positioning. E1: received
ultrasound prior to one session; minimum of 15
treatments; E2: same treatment but ultrasound energy
was turned off.
Ultrasound-characteristics: 0.5-2 Watt per square
centimetre within patients tolerance. Para vertebral
and shoulder joint areas each received one fiveminute treatment.
C: ROM-exercises and positioning only (self ROMexercises for shoulder flexion, abduction, and external
rotation with pulley 3x/wk, each motion repeated
5x/session; and arm positioning 24 hrs/d in pain-free
abduction and external rotation (pillows and slings).
Intensity: 4 wk period

(Primary) Outcome

Pain rating scale in rest
and on movement,
frequency of pain and
ROM
measured at start and
end of 4 wk period

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

-

5
failure at the
questions:
3,5,6,8,9

5
failure at the
questions:
3,5,6,8,9

Because the poor quality of the 14
selected studies, no definite conclusion
can be drawn about the most effective
method of treatment. However, FES and
intra-articular triamcinolone acetonide
injections seem to be the most promising
treatment options.

No statistically significant differences
between the scores of the both groups on
exit were found for severity of pain at rest,
on movement, or for reported distress;
however the proportion of patients who
reported no pain after 4 wk treatment was
greater in those who received the Bobath
approach.

ROM (shoulder: flexion, Comparison of the mean changes in
motion of the three groups showed no
abduction with internal
rotation, abduction with significant differences among the groups.
Lack of change in pain-free range of
external rotation,
motion led to the conclusion that
external rotation with
adducted arm) and pain ultrasound does not reduce pain
significantly in the involved shoulders of
patients with hemiplegia.
measured (3x for each
motion) before and after
4 wk treatment

To identify the most effective treatment for hemiplegic Pain
shoulder pain.

-

Yes
mean: type: ?
64 y.,
range chronic:
40-86y. mean 33 wk
after stroke,
range 3 wk9.5y.

n = 14 studies n = 382 patients
Williams ‘82
Hecht ‘92
Chironna & H. ’90
Partridge et al ‘90
Chantraine et al‘99
Faghri et al ‘94
Caldwell et al ‘69
Pinzur et al ‘86
Gruskin et al. ‘83
Rajaram & H. ‘85
Krempen et al ‘77
Egan ‘90
Dekker et al ‘97
Inaba & P. ’72

33 (10 / 10 / 13)
with shoulder
pain within
range 0-90
degrees (flexion
or abduction)

65 (31 / 35)

-

Grades of Recommendation: 1+3

SR

Design
Study
(reference+
publication year)
Snels et al. 2002

RCT

Inaba & Piorkowski RCT
1972

Partridge et al.
1990

85 of 284
patients with
shoulder pain
submitted in
study
65 of 85
completed the
study (=24%
drop-outs)

Intervention: evaluate the effectiveness of cryotherapy
vs the Bobath approach, for hemiplegic shoulder pain.
E: cryotherapy; patients seating with arm supported
and ice towels to shoulder joint for 10 min. or within
patients tolerance. Followed by simple exercise: large
circular movements with affected arm (‘polish the
surface’)
C: Bobath approach; all patients received same
advise and instructions: supporting affected arm; take
care while dressing, eating and move affected arm
within pain-free ROM
Intensity: daily for first 5 days and after that at the
PT’s discretion for a total of 4 wk
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N (E/C)

mean:
64.9 +
8.2 y.

Age
+ SD
Type of
stroke

Yes

Characteristics of intervention
Ext.
val.*
yes/no

sub-acute:
mean 15d. +
2.5 d. after
stroke

type: ?

Domain: Hand and arm use
Subdomain: Active therapy in hemiplegic shoulder pain [F.14]

CCT

Design
Study
(reference+
publication year)
Grade B
Kumar et al. 1990
28 (12 / 8 / 8 )
without pain in
hemiplegic UE
28 of 48
submitted to the
study

Intervention: evaluate the occurrence of pain in stroke
patients treated with three different exercise programs
E: E1) passive range of motion (shoulder, elbow, wrist
and fingers) by OT (5-10 min. and ~15-20 times range
each joint), E2) skate board exercise (10 min. and
~20 repetitions) and E3) overhead pulley exercise (10
min. and ~20 repetitions)
C: no control group
Intensity: 1x/d for 5d/wk while they were inpatient
(max 3 mo)

(Primary) Outcome

Active and passive
ROM, pain at rest or
during PROM
measured every mo. for
3 mo.

Conclusions (author)

4
failure at the
questions:
2,3,4,5,6,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Between groups there was a significant
difference in pain (greater with overhead
pulley-group (OP), and least with ROM by
therapist). OP should be avoided during
rehabilitation of stroke patients in the early
stages.

Intervention: examine which treatment is beneficial in Pain relief, ROM (flexion Regardless of the onset and duration of
mean: type: ?
Poduri 1993
CCT
48 ( 28 / 20 )
65 y.
and abduction), increase the pain, patients responded to NSAIDs
with shoulder
decreasing pain and increasing ROM and functional
with progress in rehabilitation. All patients
range chronic:
in function
pain
recovery
responded to treatment with relief of pain
38-84y. mean 197 d
E: treated with NSAIDs with instructions to take the
after stroke,
and experienced improved ROM and use
48 of 116 stroke
medication 30-60 min prior to OT. Ten of the patients measured before and
range 12of the affected arm.
patients
in this group received also ultrasound treatment to the after treatment
1060 d.
submitted in
shoulder 3x/wk for two weeks prior to the ROMstudy
exercises.
C: received only OT with ROM, active assistive and
strengthening exercises and ADL-training.
Intensity:2-3 times/wk on a average of 4 mo (range
1.5-9.0 mo)
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2 11) of the PEDro scale that are satisfied in the trial report (sumscore 0 10) of the items 2 11
*
**
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Domain: Hand and arm use
Subdomain: Oedematous hand [F.15]

N (E/C)
Age
+ SD

Type of
stroke

Grades of Recommendation: 2+3

SR

Study
Design
(reference+
publication year)
Geurts et al. 2000
Faghri 1997
Giudice 1990
Braus et al. 1994
Davis et al. 1977
Hamamci et al. ‘96

Ext.
Characteristics of intervention
val.*
yes/no
-

Evaluate the treatments of post-stroke hand oedema
and shoulder hand syndrome

(Primary) Outcome

Methodological
quality**

KNGF-richtlijn Beroerte – Map 1.2

Conclusions (author)

-

-

-

7
failure at the
questions:
5,6,9

No specific treatment has yet proven its
advantage over other physical methods
for reducing hand oedema.

No statistical difference between the
Roper et al. 1999 RCT
37 ( 20 / 17)with mean: type: first
Yes
Intervention: standard PT and additional intermittent Hand volume measure
and MI
groups. MI increased for both groups.
oedema of he- 73.3 y. stroke
pressure compression vs standard PT
Intermittent pneumatic compression at the
miparetic hand range
E: intermittent compression machine with hemiplegic
measured each week
limb in full arm-inflatable sleeve;
prescribed pressure and duration of this
61-85y. sub-acute:
60 patients subPressure-characteristics: pressure 50 mmHg with 30 during 4 wk treatment
study is not an effective treatment for the
mean 3.7 wk
period
s. inflation and 20 s. deflation duty cycle.
mitted in study;
oedematous stroke hand
after stroke,
C: standard PT based on pragmatic approach,
43 started the
range 1-20
included correct positioning of hemiplegic limbs to
study and 37
wk
prevent spasticity and PROM; (no icing to influence
completed the
hand volume)
study (14%
Intensity: 2 sessions of 2 hrs/d for 1 month
drop-outs)
Grade C
Hand volume; finger
Giudice 1990
PreFor the subgroup of stroke patients (n=11)
16 subjects with mean: type: ?
Intervention: arm elevation and CPM vs elevation
circumference and finger 30 min. of CPM with elevation was more
experialone.
various
? y.
stiffness
ment
Half group of subjects received elevation alone on
effective in the reduction of hand oedema
aetiology and
phase: ?
one day and CPM with elevation on the next day. The
than was 30 min. of elevation alone
11 stroke
mean ?
other half received treatments in reverse order. Usual measured at both days
patients,
after stroke,
treatment (also for oedema reduction) was unaltered
all with hand
Intensity: 30 min on each of two following days
oedema
Thirty minutes of NMS was more effective
Faghri 1997
PreIntervention: neuromuscular stimulation (NMS) vs arm Hand volume and
8
mean: type: ?
circumferences
in reducing hand oedema than 30 minutes
experielevation.
with flaccidity
65 + 13
post-acute:
of limb elevation.
ment
E: 4 patients started the first day with NMS and the
and visible hand y.
measured at both days
second day elevation; the other 4 in reverse order.
< 6 mo after
oedema
Intensity: 30 min on each of two following days
stroke
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**

V-12/2004

213

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

Domain: Hand and arm use
Subdomain: Mirror therapy [F.16]

N (E/C)
Type of
stroke

chronic:
mean 10 mo
+ 5.5 mo
after stroke

type: ?

Intervention: mirror therapy vs without mirror
E: standardized therapy protocol, using a mirror,
including: control of muscle tone and functional
exercises with arm and hand.
C: same exercises as E, but without mirror
Intensity: 30 min, 2-4 d/wk; during 5 wk

Intervention: mirror therapy vs placebo mirror.
E: moving both hands or arms symmetrically (moving
the affected arm as best they could), while watching
the unaffected arm in mirror
C: moving both hands or arms symmetrically (moving
the affected arm as best they could), while watching
the unaffected arm through the clear plastic sheet.
Intensity: 15 min, twice a day, 6 d/wk, during 8 wk
(cross over after 4 wk).

Ext.
Characteristics of intervention
val.*
yes/no

Yes

No
mean: type: ?
58.2 y
range chronic :
53-73y mean
4.8 y + 8.2 y.
after stoke,
range 6 mo26 y.

Age
+ SD

Grade of Recommendation: 2
Study
Design
(reference+
publication year)
Altschuler et al.
1999

RCT,
9 (5 / 4)
cross over with mild to
design
extremely
severe stroke

RCT

16 (8 / 8)
mean:
with ARA-score 75.6 y
>1
+ 9.9 y,
range
49-87y

(Primary) Outcome

Ratings based on video
of movements of UE
measured at cross over
point (4 wk) and at end
treatment (8 wk)

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

4
failure at the
questions:
3,5,6,8,9,10

5
failure at the
questions:
4,5,6,9,11

Mirror therapy may be beneficial for at
least some patients with hemiparesis
following stroke.

MAS, ARA and PSK
Mirror therapy can be a positive factor
towards the recovery of arm and hand
measured at 2½ + 5 wk function even with patients who were
and 10 wk after baseline considered to be beyond recovery
(follow-up)

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Rothgangel &
Morton, 2002

*
**
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Type of
stroke

mean:? type: first
range stroke; all
22-87 y types
chronic:

type: all
sub-acute:
15 d + 8 d.
after stroke

first stroke,
type: ?
time since
onset: ?

Yes

Yes

No

Intervention: comparing strapping and no-strapping of
affected shoulder to prevent PSSP.
Treatment group had affected shoulder strapped;
Control: except strapping all interventions between 2
groups were similar (positioning, maintenance of
ROM and the provision of adequate support for the
arm , which could include the use of a sling when
mobilizing)
Intensity: strapping remained on all the time, including
in the shower, and was replaced every 2-3 days (max.
3 days); during 6 weeks, or until able to achieve active
abduction (90 degrees), or until discharge
Strapping- technique: 3 lengths of nonstretch tape.
Two main ‘supporting’ tapes starting 5 cm above
elbow and moving up the arm front and back crossing
the shoulder. The third tape was applied from the
medial third of clavicula around surgical neck of
humerus + along spine of scapula to its medial third.

Intervention: comparing sling vs no sling for
subluxation in hemiplegia.
Control: no sling
Intensity: wearing sling 3 months or longer; follow-up
3-7 months
Sling: usual sling for flail UE; no further description

Evaluate the effect of slings and supports in the
management of subluxation.

Ext.
Characteristics of intervention
val.*
yes/no

DOMAIN: Hand and arm use
Subdomain: Slings and strapping for shoulder support [F.17]

N (E/C)

n = 4 studies
n = 66 patients
Moodie1986
Williams 1988
Zorowitz 1995
Brooke 1991

14 (7 / 7),
with totally flail
UE

Age
+ SD

Grades of Recommendation: 2+3
Study
Design
(reference+
publication year)

RCT

Turner-Stokes and CR
Jackson 2002

Hurd et al. 1974

CCT

mean:
71.8 y,
SD or
range :
?

36% drop-outs
9 patients
completed the
study
Hanger et al. 2000 RCT,
98 (49/49)
mean:
with
with persisting 78.5 y
stratificati weakness of
+ 7.8y
on into
shoulder
two
abduction
groups
according 15% drop-outs
the
83 (41/42)
severity at completed the
baseline study at week 6
(FIM less /
greater 25 12% drop-outs
points)
73 completed
the follow up at
week 14

Grade B
Ancliffe 1992

8 (4/4)
with no
voluntary
movement of
affected UE

Intervention: comparing number of pain free days
between strapping and no-strapping of affected
shoulder. Treatment group had affected shoulder
strapped within 48 hrs following admission to hospital;
Control: treatment ?
Intensity: strapping remained on all the time and
changed every 3-4 days; treatment period: till patients
developed shoulder pain.
st
Strapping- technique: 1 length of tape ½ way along
the length of clavicula, continued across deltoid
muscle in a diagonal direction and along the combine/pad in axilla and was terminated 1 quarter of the
d
way along the spine of scapula. A 2 tape was applied
in same direction but 2 cm below. A small tape was
applied over the shoulder to secure the ends.

(Primary) Outcome

3
failure at the
questions:
2,3,4,5,6,7,9

7
failure at the
questions:
5,6,8

1
failure at the
questions:
3,4,5,6,7,8,9,
10,11

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Outcome measurements No appreciable difference between the
not reported
treated or control groups using the
parameters of shoulder ROM, shoulder
measured at 2-3 w. after pain or subluxation. The hemisling as
initial measurement and traditionally designed must not uniformly
3-7 mo after stroke
applied to all such patients following
cerebrovascular accidents.
VAS (pain and PROM),
FIM, Motor Assessment
Scale and RDI
measured at 6 and 14
weeks

No significant benefit with shoulder
strapping was demonstrated; it did not
prevent shoulder pain, nor maintain ROM
or improving functional outcome. Range of
movement in hemiplegic shoulder is lost
very early and any preventive treatments
need to begin within the first 1-2 days after
a stroke.

Number of pain free
Strapping of the affected shoulder
days (presence of
following CVA did delay the onset of
shoulder pain measured shoulder pain. Patients who received
with RAI)
shoulder strapping within 48 hrs of their
admission to hospital, a significant longer
pain free period (21 d.) was experienced
measured daily
when compared with a similar group of
patients who did not have their shoulder
strapped (5.5 d.)
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N (E/C)

mean:
?

Age
+ SD

type: ?

Type of
stroke

-

Characteristics of intervention
Ext.
val.*
yes/no

time since
onset: ?

-

Intervention: evaluating five different prefabricated
sling orthoses in correcting GHS
Control: same patients
Intensity: ?
Sling: (1) Dennisson sling, (2) Dumbbell sling, (3)
Harris hemisling, (4) Hook Hemi-harness and (5)
Zimmer Fashion arm sling
Intervention: comparing 5 support aids of the
hemiplegic subluxated glenohumerale joint. Each
patient in same order (1 to 5)
Control: the unaffected shoulder
Intensity: each sling is wearing once for measurement
Slings: (1) conventional triangular sling, (2) Bobath
shoulder roll, (3) Hook-Hemi-harness, (4) plexiglass
lap tray and (5) the arm through
Intervention: comparing the effectivity of two shoulder
supports in the same order (not randomised) in
hemiplegic subjects with GHS
Control: the unaffected shoulder
Intensity: wearing each sling once
Sling: (1) Bobath-roll and (2) Henderson shoulder ring
Intervention: comparing 3 different shoulder supports
for subluxation in hemiplegia.
Control: the unaffected shoulder
Intensity: each sling is wearing once for measurement
Slings: (1) Harris hemisling, (2) Bobath sling, (3) arm
through or a lap board
Intervention: comparing the ability of 4 ambulatory
shoulder supports to correct subluxation. Each patient
in same order (1 to 4)
Control: the unaffected shoulder
Intensity: each sling is wearing once for measurement
Slings: (1) single-strap hemisling, (2) Bobath-roll, (3)
Rolyan humeral cuff sling and (4) Cavalier support
15

DOMAIN: Hand and arm use
Subdomain: Slings and strapping for shoulder support [F.17]

Preexperiment

Design
Study
(reference+
publication year)
Grade C
Patterson et al.
1984 ;
congres abstract

10
with GHS

Moodie et al. 1986 Preexperiment

mean: type: all
57 y,
range post-acute:
35-74 y 61d. + 13 d.,
range 24-75
days

Williams et al.
1988

post-acute:
within 6 w.
after stroke,
mean:?
type: all
post-acute:
71d. + 25 d.

-

Preexperiment

mean:
65.3 +
8.4y

mean: type: first
stroke, iCVA
63 y,
range and hCVA
47-76 y

mean: type: ?
26
with subluxated 66.1 +
shoulder
9.4y,
post-acute:
range 65 d. + 30 d.,
51-80y range 15135d.
10
mean: type: all
57 y,
range time since
40-80y onset:?

Preexperiment

Brooke et al. 1991 Preexperiment

Zorowitz et al.
1995

Morin & Bravo
1997

Preexperiment

20
with potential for
spontaneous
recovery of UE
26 (12% met
the inclusion
criteria) of 219
patients submitted the study
15
with subluxated
shoulder
(clinically
detectable by
palpation)

Intervention: evaluate the efficacy of strapping the
hemiplegic shoulder when combined with a
conventional sling
Control: same patients
Intensity: wearing strapping and sling over 5d-period o
Strapping- technique: tape was applied under tenson
from the forearm under the olecranon laterally to the
top of the shoulder. Two other tapes were applied
from the olecranon under the forearm to the top of the
shoulder with one passing anteriorly over the clavicle
and the other posteriorly covering the spine of the
scapula
Sling: conventional, conform single-strap hemisling

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

-

The GHS in the hemiplegic population
was most effectively reduced by the
conventional triangular sling, the arm
through and the lap tray. The shoulder roll
and the Hook-Hemi Harness were not
found to be effective.

Radiographic evaluation All five slings showed significantly
corrected subluxation when correctly
applied. Thus, in most patients with
subluxation sling selection could be based
on cost effectiveness and ease of patient
donning.
Distance (cm) between
acromion and humeral
head
measured with
radiographic techniques

Radiographs to measure The Bobath shoulder roll and the
the amount of inferior
Henderson shoulder ring are effective in
subluxation
reducing shoulder subluxation in the
affected shoulder of hemiplegic subjects.

measured once
Vertical and horizontal
The Harris hemisling appears to be the
distance between
most consistent and effective, followed by
humeral head and
the arm through or lap board. The Bobath
acromion / glenoid fossa sling was significantly less effective and
created a significantly greater horizontal
measured with radiology displacement of the shoulder.
Vertical, horizontal and Any of the supports tested, except the
Cavalier support, may correct the vertical
total asymmetries of
asymmetry of GHS but that only the sinGHS (difference
gle-strap hemisling corrects vertical asymbetween affected and
metry to any significant degree. When
unaffected shoulder)
treating shoulder subluxation, several
types of supports should be evaluated to
measured with
radiographic techniques optimise function of affected extremity and
reduction of the shoulder subluxation
X-ray techniques to
When standing, strapping the hemiplegic quantify subluxation
shoulder significantly reduces subluxation
when combined with wearing of a
conventional sling.
measured at day 5 with
(1) sling and adhesive
tape in place, (2) without
sling and (3) with sling
after removing tape
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N (E/C)

Age
+ SD
Type of
stroke

Characteristics of intervention
Ext.
val.*
yes/no

DOMAIN: Hand and arm use
Subdomain: Slings and strapping for shoulder support [F.17]
Design
Study
(reference+
publication year)

(Primary) Outcome

-

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

An arm sling improved gait, especially
Yavuzer & Ergin
Pre31
mean: type: all
Intervention: comparing the effect of an arm sling and Time-distance
53.1 +
no arm sling on gait patterns of patients with
during gait training sessions of patients
2002
experiable to walk
parameters (collected
hemiplegia. Patients walked on a 10m. walkway
with hemiplegia who have impaired body
ment
independently; 9.7y,
chronic:
with computer system)
randomly with or without arm sling at self-selected
image and excessive motion of the COG
reference
range 259 d.
speed
group: 31 able- 47-76 y range 14 measured at one day; 3
Control: same; cross over design
bodied persons
1795 d.
trials with and 3 trials
without sling (best data
Intensity: all patients and controls walked barefoot
of 3 trials used in
twice on the same day (with and without arm sling
analysis)
respectively)
Sling: single-strap hemisling
The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.
*
**
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type: left
hemisphere
(all types)

post-acute:
mean 102 d.
+ 67d. after
stroke

mean: type: left
58+10y hemisphere
range (all types)
47-69y.

Intervention: evaluate the effectiveness of a rehabilitative training program for patients with limb apraxia.
E: a behavioural training program for limb apraxia
consisting of gesture-production exercises; divided in
3 sections dedicated to the treatment of gestures with
or without symbolic value and related or nonrelated to
the use of objects
C: conventional treatment for aphasia
Intensity: 3d/wk: 35 experimental sessions each
lasting 50 min. Treatment stopped after completion of
all training sections (max 12 wk)
Intervention: determine the efficacy of strategy
training in left hemisphere patients with apraxia
E: strategy training integrated into usual OT; uses of
strategies to compensate for apraxic impairment during the performance of ADL. Examples are self-verbalisation to support performance and writing down or
showing pictures of the proper sequence of activities.
C: usual OT only; the main focus of the therapy is on
(sensory) motor impairments (muscle tone, reflexes,
controlled movements, muscle strength, contractures)
and disability due to these impairments. And aims at
increasing independent functioning in ADL tasks
Intensity: mean: 26+ 13 sessions, resulting in (mean)
17+11 hrs of OT during 8 wk

Evaluate the effectiveness of treatment of apraxia

Ext.
Characteristics of intervention
val.*
yes/no

-

Yes

mean: type: iCVA
Yes
65.7 y., and hCVA
range
48-76y. chronic:
mean
13.4mo after
stroke,
range 2-36
mo

Type of
stroke

Domain: ADL / EADL
Subdomain: Strategy training for apraxia [G.3]

N (E/C)

n = 2 RCT
n = 126 patients
Smania 2000
Donkervoort 2001
and 1 CCT, and
several preexperimental
studies

13 ( 6 / 7 )
with the
presence of
limb apraxia
9 ( 2 / 7)
completed the
trainingsprotocol of 34 of
35 sesions
(31% drop-outs)
113 (56 / 57)
with LH stroke
and apraxia;
staying on a inpatient care unit
90 (42 / 48)
completed the
study (20%
drop-outs)
82 (43/39)
completed the
follow up (5 mo)

Age
+ SD

Grade of Recommendation: 2
Study
Design
(reference+
publication year)
Van Heugten 2001 CR

Smania et al. 2000 RCT

RCT

CCT

10 (5 / 5 ), also mean:
a reference
71 y.
group of 5
healthy subjects

chronic:
mean 7.9 y
after stroke

Intervention: examine the ability to learn one-handed
shoe tying in left hemisphere patients with apraxia
E: LH -CVA with apraxia
C1: LH -CVA without apraxia
C2: healthy adults
E+C: shoe tying using the left hand in maximal 5
trials. To ascertain retention of the task, participants
were asked to tie the shoe again after approximately a
5-minute delay.
Intensity: 1 session

(Primary) Outcome

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

Methodological
quality**

4
failure at the
questions:
3,5,6,8,9,10

-

Limb praxic tests (Idea- Specific training program for treatment of
tional apraxia, ideomotor limb apraxia showed to be effective. The
apraxia and gesture
experimental group achieved a significant
comprehension), Raven improvement of performance in both
test, Token test, Oral
ideational and ideomotor apraxia tests. A
apraxia and constructrend toward improvement was found in
tional apraxia tests
gesture comprehension test while other
outcomes did not show any significant
amelioration

6
failure at the
questions:
5,6,8,9

-

Evidence was found for the short-term
effectiveness of strategy training in left
hemisphere stroke patients with apraxia.
Strategy training improved significantly
more than patients in the usual treatment
group on ADL-observations. With respect
to the secondary outcome measures a
medium effect was found on the BI. No
beneficial effects of strategy training were
found after 5 mo (at follow-up)

measured after completion of all 35 training
sessions (~12wk)
ADL-observations (set
standardised
observations specially
developed for apraxia)
and BI, extended ADL
based on Rivermead
Activities of Daily Living
Scale, MI, FMT and
Apraxia Test

measured at the end of
the 8 wk treatment and
after 5 mo (follow-up)

Learning (how many
On the retention task, the control adults
attempts) and retention and participants with LH-CVA without
number of trials needed apraxia required similar numbers of trials
to correctly tie the shoe) while the participants with LH-CVA and
apraxia required significantly more trials
measured once
than the other two groups. All groups
required fewer trials on the retention task
than the learning task.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Donkervoort et al.
2001

Poole 1998

*
**
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Domain: ADL en EADL
Subdomain: Leisure therapy [G.4]

40 (20 / 20 )
able to follow a
one-step
command

N (E/C)
Age
+ SD

282 (134 / 148)
completed the
study (14%
drop-outs)

327 (162 / 165) mean:
patients when
70 + ?y
plans for
discharge were
being made;
excluded those
discharged to
residential
homes or
nursing homes

mean:
68.9 y.
+?
range
42-86y.

Grade of Recommendation: 1

RCT

RCT

RCT

Study
Design
(reference+
publication year)
Jongbloed &
Morgan 1991

Gladman et al.
1993

Drummond &
Walker 1995

type: all

Type of
stroke

Yes

Intervention: OT related to leisure activities vs no
intervention
E: intervention at home: OT assist the subjects in
resuming former leisure activities, to learn to engage
in new activities, or both. Leisure activities included
individual or social activities carried out in the home or
community environment
C: visited by an OT and asked questions about leisure
activity involvement throughout their life span (i.e.
during childhood, working years and the time prior to
the stroke) and about the effects of the stroke on their
life. No treatment.
Intensity: 5 home visits (1 hrs each) over 5
consecutive weeks.

Ext.
Characteristics of intervention
val.*
yes/no

sub-acute:
mean 20 d.
after stroke

type: ?

chronic:
mean ? < 15
mo after
stroke

Yes

Intervention: randomisation to receive domiciliary or
hospital-based care after discharge. They were
allocated to three strata (Health Care of the Elderly,
General Medical and Stroke Unit)
E: treated at home by PT and OT
C no domiciliary rehabilitation but hospital- based
rehabilitation according to the usual practices in
Nottingham.
Intensity: 6 mo

65 (21 / 21 / 23) mean: type: all
Yes
66 y. +
60 (20 / 20 /20) 9,9y
sub-acute:
completed the range mean 28d. +
study at 6 mo
29-87y. 20d. after
stroke,
( 8% drop-outs)
range 4-90d.

Intervention: evaluate the effectiveness of a leisure
rehabilitation programme at home. Subjects were
allocated to 3 groups: 1) leisure rehabilitation group,
2) conventional occupational therapy group and 3)
control group
E1: leisure treatment program for each patient was
different reflecting personal preferences and abilities
E2: conventional OT (transfers, washing, dressing
practice and where appropriate perceptual treatments
C: no therapy after discharge from hospital
Intensity: 30 min/wk for the first 3 mo following
discharge and then 30min/every 2 wk for the next 3
mo

(Primary) Outcome

Two subscales of the
KAI: 1) level of free-time
activities and 2) level of
satisfaction with freetime activities
and MMSE
measured at 5 and 18
wk after initial visit or
treatment

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

Conclusions (author)

4
failure at the
questions:
3,5,6,8,9,11

7
failure at the
questions:
5,6,9

No statistically significant differences
between the experimental and control
groups in activity involvement or
satisfaction with that involvement

BI, NEADL and NHP
Overall there was no difference in the
effectiveness of the domiciliary and
measured at 3 and 6 mo hospital-based services, although younger
after discharge
stroke unit patients appeared to do better
with home therapy while some frail elderly
patients might have benefited from day
hospital attendance.
The domiciliary group showed significantly
greater performance on Extended ADL
household and leisure sub-scores at 6 mo

NLQ, TOTL, TLA, RMFS There was at 6 months an increase in the 7
and Rivermead-ADLleisure scores ((TOTL and TLA) for the
failure at the
scale
leisure rehabilitation group only
questions:
5,6,9
measured at 3 and 6 mo
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N (E/C)

466
mean:
(153 / 156/ 157) 72 y.

Age
+ SD

Domain: ADL en EADL
Subdomain: Leisure therapy [G.4]
Study
Design
(reference+
publication year)
RCT
(multicentre)
374 completed
the study at 6
mo ( 20% dropouts)
331 completed
the follow-up at
12 mo

type: ?

Type of
stroke

Yes

Ext.
Characteristics of intervention
val.*
yes/no

post-acute:
mean 4.7mo
+ 4.7 mo
after stroke

Intervention: evaluate the effects of leisure-based
therapy or conventional (ADL-based) OT at home vs
no OT-treatment at home
E: Leisure-group: interventions included practising the
leisure tasks as well as any ADL-tasks necessary to
achieve the leisure objective
E2: ADL-group: improving independence in self-care
tasks by practising these tasks (such as preparing a
meal, walking outdoors)
C: no OT-treatment during the trial
Intensity: mean 8.5 sessions in ADL- and Leisuregroup and mean duration of sessions was 59 min
(leisure) and 52 min (ADL), maximum 6 mo

(Primary) Outcome

GHQ (mood), NEADL
(ADL) and NLQ
(Leisure), also BI, LHS,
OHS and IST outcomes
questions
measured at 6 and 12
mo after hospital
discharge

Conclusions (author)

7
failure at the
questions:
5,6,8

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

There were no major short- or long-term
beneficial effects of the additional leisure
or ADL occupational therapy provided in
this trial on the mood, ADL ability or
leisure participation of stroke patients
living in the community.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Parker et al. 2001

*
**
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Domain: Changing posture
Subdomain: Sit-to-Stand [H]

N (E/C)

40 patients
completed the
study (5% dropouts)

Type of
stroke

Ext.
Characteristics of intervention
val.*
yes/no

KNGF-richtlijn Beroerte – Map I.2

Methodological
quality**

Conclusions (author)

(Primary) Outcome

5
failure at the
questions:
3,5,6,7,9

The experimental group demonstrated
TMW, 6 minute walk,
TUG, step test and sit-to- significant immediate and retained (2month follow-up) improvement compared
stand
with control group in walking speed and
measured at 4 wk and 2 endurance, force production through the
affected leg during sit-to-stand and the
mo after the training
number of repetitions of the step test.
(follow-up)

6
failure at the
questions:
3,5,6,9

5
failure at the
questions:
5,6,7,8,9

measured at 3 wk and at
follow-up (6 mo)

Body-weight distribution,
postural sway of CoP,
time needed to rise and
sit and occurrence of
falls

Symmetrical body-weight distribution
training may improve sit-to-stand
performance and, consequently, decrease
the number of falls by stroke patients

The relearned symmetric BWD with
auditory feedback had lost in rising as well
as in sitting down. Movement time in rising
and sitting down, however, was improved
Subjects significantly increased the load
7
taken trough the affected foot when
failure at the
standing up from sitting
questions:
5,6,9

-

BI, FMA, MAS and BWD Improvements in physical performance
and sit-to-stand tests were greater in
experimental (feedback) group. No
measured after 6 wk
differences between groups were seen in
improvement in performance of daily
living.

measured after an
average of 33 mo.

Intervention: ground reaction force feedback and PT
vs PT while sitting down and rising
E: auditory feedback to achieve symmetrical weight
bearing while rising and sitting down on balance
platform plus conventional PT.
C: conventional PT according to MRP-principles
EMG/BF-characteristics:
Intensity: 3 sessions/d., 15 min 5d/wk for 6 wk.
-

30 (16 / 14)

Maximum distance
reached, hand
movement time,
%bodyweight while
reaching, TMW, EMG

33 mo since
end of
training

mean: type: all
Yes
20 ( 10 / 10 )
67.6 y
able to sit
unsupported for + 8.2 y chronic:
20 min
mean 6.3 y +
4.4 y. after
stroke

chronic:
mean 1.8 y +
0.8 y. after
stroke

type: all
postacute:
mean 2.8 mo
+ 1.3 mo
after stroke

measured after 2 weeks
(end of treatment)

Intervention: evaluate the effect of a task-related
training program to improve tasks including sit to
stand vs sham therapy
E: loading of affected leg during sit to stand
C: received sham training.
Intensity: Both groups received standardized training
programs. Each program consisted of 10 sessions
spread over a 2-week period

mean:
12 ( 6 / 6 )
64.3 y
able to walk
+ 7.2 y
10m.
independently
with or without
assistive device

19 completed
the study (5%
drop-outs)

Yes

Intervention: evaluate the immediate and retained
effects of a training program on the performance of
locomotor-related tasks in chronic stroke
E: practice at a series of workstations (strengthen the
muscles of affected leg) as well as participating in
walking races and relays with other members of the
group.
C: same workstation training, but training was
designed to improve function of the affected upper
limb and was considered ʻsham ʼlower limb training
Intensity: 3d/wk for 1 hrs during 4 wk
9 (5 / 4 )
completed the
study (25%
drop-outs)
8 ( 4 / 4) completed follow-up
mean:
54 ( 30 / 24 )
could stand up 62.7 y.
+ 7.9 y
independently
and walk with or
without a cane

type: all

Yes

mean:
66 y.

mean: type: all
Yes
42 ( 21 / 21)
able to stand up 64.9 y.
independently + 7.9 y. post-acute:
mean 38 d. +
20 d. after
stroke

Age
+ SD

Grades of Recommendation: 1+2
Study
Design
(reference+
publication year)

RCT

RCT

RCT

RCT

Engardt et al. 1993 RCT

Engardt 1994
(follow-up)

Dean et al. 1997

Dean et al. 2000

Cheng et al. 2001

Intervention: additional balance training +
conventional therapy vs conventional therapy
E: while rising to stand and sitting down the mean
symmetry of weight distribution is measured by force
plates under the feet. Rising to stand and sitting down
were divided into 2 distinct phases: the seat-on and
seat-off phases.
C: conventional stroke rehabilitation including
neuromuscular facilitation, FES, mat exercises and
other therapeutic exercises.
Intensity: 5d/wk for 30 min during 3 wk
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N (E/C)

Domain: Changing posture
Subdomain: Sit-to-Stand [H]
Study
Design
(reference+
publication year)
Age
+ SD

28 ( 9 / 19 )
mean:
ability of
69.9 y.
independent
+ 12.1y
sitting for 1 min.
and not able to
achieve 10
steps
20 (5 / 15) completed the study
(29% drop-outs)

type: all

Type of
stroke

Yes

Ext.
Characteristics of intervention
val.*
yes/no

postacute:
mean < 6wk
after stroke

Intervention: additional independent practice of rising
to stand and sitting down and standard PT vs
standard PT
E: moving simple objects seated in chair with forceplates under the feet and in armrests. The objects to
be moved with unaffected hand were colour-coded to
match guidance lines drawn on the table placed in
front the patient
C: standard PT based on the Bobath-approach
Intensity: 5d/wk during 4 wk

(Primary) Outcome

Symmetry of weight
distribution during sitting,
standing, rise to stand,
sitting down and
reaching
measured at 4 and 6
weeks after start
intervention

Conclusions (author)

6
failure at the
questions:
5,6,8,9

Methodological
quality**

KNGF-richtlijn Beroerte – Map I.2

There were no clinically significant
differences in measured outcome between
the groups. The regime of independent
practice had no measured beneficial effect
on the balance ability of patients with
recently acquired stroke.

The first item of the PEDro-scale has a yes/no-score. Yes means that the external validity is satisfied.
Quality assessment of RCT’s is measured by counting the number of checklist criteria (2-11) of the PEDro-scale, that are satisfied in the trial report (sumscore 0-10) of the items 2-11.

Pollock et al. 2002 RCT

*
**
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J – Abbreviations

2-PD

Two-Point Discrimination

EBRO

6MWT

Six-minute walking test

EMF

Emory Motor Function test

ABAW

Aggressive Bracing Assisted Walking

EMG

Electromyogram

ADL

Activities of Daily Living

EMI

Extended Motricity Index

AFO

Ankle Foot Orthosis

ES

Electrical Stimulation

AGREE

gu

Evidence-Based Guidelines Platform

Effect Size (Hedges’ g)

Appraisal of Guidelines for Research &

ES

Evaluation

FAC

Functional Ambulation Categories

AMAT

Arm Motor Activity Test

FAI

Frenchay Activities Index

ARAT

Action Research Arm Test

FAP

Functional Ambulation Performance

AROM

Active Range of Motion

FAT

Frenchay Arm Test

AS

Ashworth Scale

FES

Functional Electrical Stimulation

Bilateral Arm Training with Rhythmic

FESS

Falls Efficacy Scale for Stroke

Auditory Cueing

FNS

Functional Neuromuscular Stimulation

BB

Box and Block test

FIM

Functional Independence Measure

BBS

Berg Balance Scale

FIM-MM

Functional Independence Measure –

BF

Biofeedback

BFM

Brunnstrom Fugl-Meyer Assessment

FMA

BI

Barthel Index

FMA-ue

BOS

Base of Support

bpm

Beats per minute

BWD

Body Weight Distribution

BATRAC

BWS

Body Weight Support

BWSTT

Body-Weight Supported Treadmill

Motor Measure
Fugl-Meyer Assessment
Fugl-Meyer Assessment Upper Extremity
Motor Performance Section
FMRI

Functional Magnetic Resonance
Imaging

FMT

Functional Motor Test (simplified version of ARAT)

Training

FMW

Four-Metre Walking test

C

Control group

FRT

Functional Reach Test

CBO

Dutch Institute for Healthcare

FTT

Force Tracking Test

Improvement

GAPS

Glasgow Augmented Physical therapy

CCT

after Stroke

Controlled Clinical Trial (quasi-experimental study)

GCS

Glasgow Coma Scale

CGT

Conventional Gait Training

GHQ

General Health Questionnaire

CI

Confidence Interval

GHQ-12

Shortened General Health

CIMT

Constraint-Induced Movement Therapy

CNS

Canadian Neurological Scale

CoG

Centre of Gravity

CoM

Questionnaire
GHS

Glenohumeral Subluxation

Centre of Mass

HCVA

Haemorrhagic Cerebrovascular Accident

CoP

Centre of Pressure

HRR

Heart Rate Reserve

CR

Critical Review

hrs

Hours

CSI

Carer Strain Index

HSP

Hemiplegic shoulder pain

d

Days

ICD-10

International Classification of Diseases,

DARE

Database of Abstracts of Reviews of
Effects

Tenth Revision
ICF

International Classification of
Functioning, Disability and Health

DVT

Deep Vein Thrombosis

E

Experimental group

ICVA

Ischemic Cerebrovascular Accident

EADL

Extended Activities of Daily Living

IST

International Stroke Trial

EBM

Evidence-Based Medicine

238

V-12/2004

KNGF Clinical Practice Guideline for physical therapy in patients with stroke

JTHF

Jebsen Test of Hand Function JMTT

NMS

Neuromuscular Stimulation

Joint Movement Tracking Test

NNM

Neutral baseline Measurement (gonio-

KAFO

Knee Ankle Foot Orthosis

KAI

Katz Adjustment Index

NPRS

KNGF

Royal Dutch Society for Physical

NPS

Northwick Park Score

Therapy

NRT

Neuromuscular Retraining Techniques

Kenny Rehabilitation Institute Self-Care

NSA

Nottingham Sensory Assessment

Evaluation

NSAID

Non-Steroidal Anti-Inflammatory Drug

LACI

Lateral Anterior Circulation Infarct

OCSPC

Oxfordshire Community Stroke Project

LBT

Line Bisection Test

LE

Lower Extremity

ODFS

Odstock Dropped Foot Stimulator

LH

Left Hemisphere

OHS

Oxford Handicap Scale

LHS

London Handicap Scale

OLST

One-Leg Stance Test

LI-ADL

Lawton Instrumental Activities of Daily

OT

Occupational Therapy

Living

PACI

Partial Anterior Circulation Infarct

LoS

Limits of Stability

PAFO

Placebo Ankle Foot Orthosis

LoS

Length of Stay

PBWS

Partial Body Weight Support

LTT

Limited Progressive Treadmill Training

PBWSTT

Partial Body Weight Supported

MAL

Motor Activity Log

MAS

Modified Ashworth Scale

PCI

Physiological Cost Index

MASS

Motor Assessment Scale for Stroke

PEDro

Physiotherapy Evidence Database

MBS

Modified Bobath Scale

PFST

Positional Feedback Stimulation

KRISCE

meter)
Numeric Pain Rating Scale

Classification

Treadmill Training

MCA

Middle Cerebral Artery

MDUF

Maximum walking Distance Until

MFES

Multi-channel Functional Electrical

PICH

Stimulation

PICO

MHR

Maximum Heart Rate

Training
PHLR

Fatigue

Passive Humeral Lateral Rotation
(External rotation)
Primary Intra-cerebral Haemorrhage
Patients, Intervention, Comparison,
Outcome

MI

Motricity Index

MMF

Musical Motor Feedback

MMSE

Mini Mental State Examination

POCI

Posterior Circulation Infarct

MMT

Manual Muscle Test

POR

Profile of Recovery

mo

Month(s)

PP

Polypropylene

MPQ

McGill Pain Questionnaire

PROM

Passive Range of Motion

MRC

Medical Research Council

PSK

Patient Specific Functional Scale

MRI

Magnetic Resonance Imaging

PSSP

Post-Stroke Shoulder Pain

MRP

Motor Relearning Programme

PT

Physical Therapy

MRS

Modified Rankin Scale

PTH

Placebo Thermo Coagulation

N

Number of subjects (patients)

PV GRF

NBP

Nottingham Balance Platform

NDP

Neuro Developmental Principles

RAI

Ritchie Articular Index

NDT

Neuro Developmental Treatment

RAS

Rhythmic Auditory Stimulation

NEADL

Nottingham Extended ADL Index

RCT

Randomized Controlled Trial

NHP

Nottingham Health Profile

RDI

Rankin Disability Index

NHPT

Nine Hole Peg Test

RER

Respiratory Exchange Ratio

NHS

Dutch Heart Foundation

RIH

Reflex Inhibiting Posture

NLQ

Nottingham Leisure Questionnaire

MMF

Musical Motor Feedback

NMES

Neuromuscular Electrical Stimulation

RH

Right Hemisphere
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PNF

Proprioceptive Neuromuscular
Facilitation

Peak Vertical Ground Reaction Force
through affected foot
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RHR

Resting Heart Rate

RIP

Reflex-Inhibiting Pattern

STREAM

Stroke Rehabilitation Assessment of
Movement

RIS

Reflex Inhibiting Splinting

STT

Speed-dependent Treadmill Training

RLOC

Recovery Locus of Control Scale

TACI

Total Anterior Circulation Infarct

RMA

Rivermead Motor Assessment

TBI

Traumatic Brain Injury

RMFS

Rivermead Motor Function Scale

TBT

Timed Balance Test

RMI

Rivermead Mobility Index

TCT

Trunk Control Test

ROM

Range of Motion

TEI

Thromboembolic Infarctions

RP

Rhythmic positional

TENS

RPM

Repetitions per minute

s

Second(s)

TES

Therapeutic Electrical Stimulation

S&R

Sit and Reach test

TFR

Traditional Functional Retraining

SA-SIP30

Transcutaneous Electrical Nerve
Stimulation

30-item Stroke-Adapted Sickness Impact

TGT

Tinetti Gait Test

Profile

TH

Thermo-coagulation

SAB

Sub-Arachnoidal Bleeding

THPT

Ten-Hole Peg Test

SBP

Systolic Blood Pressure

TIA

Transient Ischemic Attack

SBT

Standing Biofeedback Trainer

TIS

Trunk Impairment Scale

SD

Standard Deviation

TLA

Total Leisure Activity score

SEI

Sitting Equilibrium Index

TMS

Trans-cranial Magnetic Stimulation

SES

Summary Effect Size

TMW

Ten-Metre Walking test

SIGN

Scottish Intercollegiate Guidelines

TOTL

Total Overall Leisure score

Network

TUG

Timed Up&Go test

SIP

Sickness Impact Profile

UE

Upper Extremity

SITB

Sensory motor Integration Test Battery

UEFT

Upper Extremity Function Test

SLROM

Shoulder Lateral Range Of Motion

UEI

Upright Equilibrium Index

(External Rotation)

VAS

Visual Analogue Scale

SMES

Sodring Motor Evaluation Scale

VF

Visual Feedback

SMW

Six-Minute Walking test

VFD LR

Vertical Force Difference between Left &

SR

Systematic Review

SSI

Standing-Steadiness Index

VO2

Ventilatory Oxygen uptake

SST

Sit-to-Stand Test

WBR

Weight Bearing Ratio

SSV

Self-Selected overground walking

WHO

World Health Organization

Velocity

WMFT

Wolf Motor Function Test

Supported Treadmill Ambulation

w

Week(s)

Training

y

Year(s)

Step-Time Ratio

ZDS

Zung Depression Scale

STAT
STR
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K – Physical therapy assessment
forms

Figure 1 (Section B.11) offers an overview of all
measuring instruments. In agreement with the design
of the guidelines for physical therapy treatment, a

The physical therapy assessment forms accompan-

distinction can be made between patients who are

ying the ‘KNGF Clinical Practice Guideline for physical

not yet allowed to leave their bed (immobilization

therapy in patients with stroke’ were developed after

phase) and those for whom mobilization is allowed.

a number of consensus meetings of a working group

This subdivision is discussed in more detail in Section

consisting of 8 experts. These forms aim to allow a

A.2.

uniform physical therapy assessment of patients who

The physical therapy assessment forms relate to (1)

have suffered a CVA. This should ensure continuity in

the intake; (2) the measuring instruments and (3) the

the recording of physical therapy data within a regio-

assessment moments. Literature references in this

nal stroke service.

chapter refer to the list of literature in Section K.7, on
p. 79.

The ‘KNGF Clinical Practice Guideline for physical therapy in patients with stroke’ regard systematic measu-

Intake

rements as an integral component of ‘evidence-based

During the intake procedure, the physical therapist

practice’. The Guidelines indicate a number of assess-

records general patient data, demographic data, medi-

ment moments. If a patient is admitted to a hospital

cal history, diagnosis and information about the

or rehabilitation institution, assessments should be

patient’s partner. This information should be

made at least in the first and final weeks of their stay.

obtained from the patients themselves and/or their

In addition, it is useful to record the current motor

partners, or from medical specialists involved.

and functional status of each patient who is to be discussed in a multidisciplinary team meeting, to allow

Measuring instruments

any changes in their status to be reported to the team

The set of measuring instruments included in the

during the meeting. There should be at least 3 fixed

physical therapy assessment forms has been compo-

assessment moments within the first 6 months after

sed on the basis of the International Classification of

stroke, to allow prognoses for a patient’s recovery to

Functioning, Disability and Health (ICF).1 The ICF dis-

be formulated. Such assessments should take place at

tinguishes between: (1) functions and impairments;

the end of the first week (as agreed in a national pro-

(2) activities and (3) participation. In addition, the

ject by the Dutch Institute for Healthcare

choice of instruments to be included in the test bat-

Improvement (CBO)), and at 3 and 6 months after the

tery was also based on their psychometric properties,

onset of stroke. A copy of the intake and scoring

that is, their reliability, validity, responsiveness and

forms should be included with each physical therapy

ease of use.

referral. The measuring instruments included in the

We have adopted a practical classification of the set

physical therapy assessment form are subdivided into

of measuring instruments (see Figure 1 in Section

‘basic measuring instruments’ and ‘recommended

B.11). They have been linked to the mobility milesto-

measuring instruments’. As discussed in section B.11,

nes that patients who suffer a CVA are expected to

the use of the basic measuring instruments at the

achieve during their recovery: lying, sitting, standing

above assessment moments is considered an essential

and walking.2,3 The psychometric properties, test pro-

condition for satisfactory care provision. The recom-

tocol and scoring form for each measuring instru-

mended instruments may be used when there are spe-

ment are provided (available in the Dutch version).4

cific grounds for doing so. This does not mean that

Some of the instruments have combined protocol

the physical therapist is always necessarily the person

and scoring forms.

to actually use the measuring instruments. In most
cases, agreements can be made with representatives of

The measuring instruments in this assessment form

the other disciplines involved in the rehabilitation

have been selected on the basis of proven validity,

team, to ensure a balanced division of the assessment

reliability and responsiveness, as well as on the basis

tasks, and hence of the time investment required.

of many years of experience in assessing patients who
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have suffered a CVA.5,6 Whenever possible, the form

This CD-ROM (Dutch version) contains both the basic

uses instruments that have been validated in Dutch.

measuring instruments and the recommended instru-

Where these were not available, the working group

ments, whereas the Practice Guidelines include only

has opted for versions that had already been transla-

the 7 basic instruments (the minimum set) and the

ted. Versions that had not yet been translated were

intake form.

translated by the working group. However, these
translated versions and other as yet non-validated
tests will need to be validated in the future.

Assessment moments

Major sources of inspiration to the working group

The working group proposes to repeat assessments at

were the document entitled ‘Klinimetrie na een

a number of fixed moments, using at least the 7 basic

beroerte’ (clinimetrics after a stroke)

(NPI-VUMC, 2001)6

and the Neuro Dataset (Erasmus MC, 2002).7

instruments (see practice recommendations 1). The
assessors should of course also consider including
relevant domains that are evaluated with one of the
recommended instruments.

K.1

Intake form

Name of physical therapist: ............................................................
Date of completion:

...........................................................................

Admitted to:

❍ hospital (stroke unit)

(patient identification card)

❍ rehabilitation centre (stroke unit)
❍ nursing home (stroke unit) .......
❍ primary care
❍ other:
Patient number:

...................................................

...........................................................................

(only if no patient identification
card is presented)
First name:

...........................................................................

Family Name:

...........................................................................

Gender:

❍ female
❍ male

Date of birth:*

....... / ....... / ...................

Address:

Street:

.........................................................................................................................

(optional)

Postal code/town: ............................................................................................... (optional)
Date of CVA:*

....... / ....... / ...................

Lateralisation of CVA (with further details if useful):
❍ right hemisphere:

...................................................................................................................

❍ left hemisphere: .......................................................................................................................
❍ brainstem:

....................................................................................................................................

❍ cerebellum:
❍ other:
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Type of CVA (with further details if useful):
❍ cerebral haemorrhage:
❍ cerebral infarction:
❍ other:

........................................................................................................

................................................................................................................

...............................................................................................................................................

Admission date:*

....... / ....... / ...................

Discharge date:*

....... / ....... / ...................

Referring physician:

......................................................................................................................................................................

Name of GP:

......................................................................................................................................................................

Insurance status:

......................................................................................................................................................................

Highest completed educational level: ................................................................................................... (optional)
*day/month/year

Profession:

❍ current:

..........................................................................................................................................

❍ previous, reason for cessation:

............................................

(e.g. retirement,

................................................................................................................................... incapacitated)

❍ clerical work
❍ other:

...............................................................................................................................................

❍ fulltime

..........................................................................................

❍ parttime: …......…%

❍ heavy

Physical strain:

❍ intermediate
❍ light
Leisure activities:

❍ sports:

............................................................................................................................................

frequency:
❍ hobbies:
Handedness:

.................

per

.....................................................................................................

.......................................................................................................................................

❍ left ❍ right (based on hand used for writing)

Living situation before onset of CVA:
Living independently:

❍ yes

❍ no

❍ other:

Zo ja,

❍ living alone

❍ living together

Type of house:

❍ single floor

❍ more than one floor

stairs

❍ yes

❍ no

bannisters (going upstairs)

❍ left

❍ right

lift ❍ yes

❍ no

❍ n.a.

.....................................................................

Are there stairs or a lift?
❍ none present .....................................................

Apart from stairs, are there other obstacles in the house, such as thresholds, carpeting or door-closers?
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
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Mode of transport used before stroke:
Was the patient independent as regards transport?
❍ yes

❍ no

What type of transport did the patient use?
❍ public transport
❍ car
❍ bicycle

❍ specially adapted:

❍ walking

........................................... (e.g.

tricycle, tandem bicycle)

❍ walking aid:

.......................................................... (e.g.

outdoors

❍ yes

❍ no

indoors

❍ yes

❍ no

rollator, walking stick)

❍ other, namely: ...........................................................................................................................................................................................................
Information on patient’s partner:
Does patient have a partner?

❍ yes

❍ no

Is the partner healthy?

❍ yes

❍ no

If not:

...................................................................................................................................................................................................................................

❍ yes

❍ no

❍ fulltime

❍ parttime: …....… %

Is the partner in need of care?

❍ yes

❍ no

Are children providing care?

❍ yes

❍ no

Does the partner have a job?
Occupation (or former occupation):

Care already being provided:
❍ informal care (e.g. neighbours, relatives)
❍ help with houskeeping
❍ home care
❍ district nurse
❍ meals on wheels
❍ other: .................................................................................................................................................
Has the patient suffered a CVA before?
❍ yes

❍ left hemisphere

number, date ............. / ............ / .............

❍ right hemisphere

number, date ............. / ............ / .............

❍ other:

number, date ............. / ............ / .............

❍ no
❍ unknown
CVA

in family history (first- and second-degree, i.e. parents, brothers and sisters)

If so, which ones:

❍ yes

❍ no

......................................................................................................................................................................................................

Pre-existing impairments:
❍ no
❍ yes ➙ consider Modified Rankin Scale (MRS)
➙ consider Frenchay Acitivities Index (FAI)
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Relevant medical history
Did the patient suffer from one or more disorders / pathologies prior to the onset of stroke?
Indicate these if they could impede the physical therapy treatment:
Circulatory tract:

❍ yes

❍ no

If so, which?

......................................................................................................................................

❍ unknown

(e.g.: angina pectoris, intermittent claudication)

Respiratory tract:

Locomotor tract:

Digestive tract:

Urogenital tract:

Date of diagnosis:*

................... / .......... /.................

Details:

......................................................................................................................................

❍ yes

❍ no

If so, which?

......................................................................................................................................

Date of diagnosis:*

................... / .......... /.................

Details:

......................................................................................................................................

❍ yes

❍ no

❍ unknown

❍ unknown

If so, which?

..............................................................................................................

Date of diagnosis:*

................... / .......... /.................

Details:

..............................................................................................................

❍ yes

❍ no

If so, which?

.............................................................................................................

Date of diagnosis:*

................... / .......... /.................

Details:

..............................................................................................................

❍ yes

❍ no

If so, which?

..............................................................................................................

Date of diagnosis:*

................... / .......... /.................

Details:

.............................................................................................................

❍ unknown

❍ unknown

Relevant psychiatric history:
❍ no
❍ yes, namely:
❍ unknown
Risk factors:

❍ no

❍ yes, namely:

....................... (e.g.

smoking, alcohol)

Medication:
Does the patient use any medication that could affect the treatment?
❍ yes

❍ no

❍ unknown

If so, which?......................................................................................................................................
Neurological examination:
CT scan:
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............... / ............. / .......................

Results:
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❍ yes

❍ no

Date

............... / ............. / .......................

Results:

...........................................................................................................................................

MRI scan:

Information on suppementary medical (neurological) examinations (e.g. Doppler, EEG):
Results:

........................................................................................................................................................................................................

Disciplines consulted:

Stroke team

Other disciplines

❍ neurologist

❍ cardiologist

❍ rehabilitation physician

❍ neurosurgeon

❍ speech therapist

❍ vascular surgeon

❍ physical therapist

❍ pulmonologist

❍ occupational therapist

❍ urologist

❍ psychologist

❍ dermatologist

❍ social worker

❍ internist

❍ rehabilitation nurse

❍ ophthalmologist

❍ transfer nurse

❍ ENT specialist
❍ psychomotor therapist
❍ dietician
❍ activities consultant
❍ other:

...........................................................

Conclusion of the intake:
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
......................................................................................................................................................................................................................................................
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K.2

Core measuring instruments

K.4

Motricity Index

Optional measuring instruments:
walking ability and gait-related
abilities

Trunk Control Test
Berg Balance Scale

Trunk Impairment Scale
Falls Efficacy Scale

Functional Ambulation Categories

Timed Up&Go Test

Ten-metre walking test

Timed Balance Test

Frenchay Arm Test

Rivermead Mobility Index

Barthel Index

Six-minute walking test

K.3

K.5

Optional measuring instruments:
generic measuring instruments

Optional measuring instruments:
dexterity

Modified Rankin Scale

(Modified) Nottingham Sensory Assessment

Neutral-0 Method

Numeric Pain Rating Scale

Modified Ashworth Scale

Water displacement method

Cranial nerve tests

Action research Arm Test

Brunnstrom Fugl - Meyer Assessment

Nine Hole Peg test

K.6

Optional measuring instruments:
ADL abilities

Nottingham Extended ADL Index
Frenchay Activities Index

K.7
1
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