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A B S T R A C T

Background

Multidisciplinary (MD) rehabilitation is an important component of symptomatic and supportive treatment for Multiple Sclerosis (MS), but
evidence base for its eEectiveness is yet to be established.

Objectives

To assess the eEectiveness of organized MD rehabilitation in adults with MS. To explore rehabilitation approaches that are eEective in
diEerent settings and the outcomes that are aEected.

Search methods

We searched the Cochrane Multiple Sclerosis Group's Trials Register (25 February 2011), PeDRO (1990 - 2011), the Cochrane Rehabilitation
and Related Therapies Field trials Register, the National Health Service National Research Register (NRR) and relevant journals were
handsearched. No language restrictions were applied.

Selection criteria

Randomized controlled trials (RCT) and controlled clinical trials (CCT) that compared MD rehabilitation with routinely available local
services or lower levels of intervention; or trials comparing interventions in diEerent settings or at diEerent levels of intensity.

Data collection and analysis

Three reviewers selected trials and rated their methodological quality independently. A 'best evidence' synthesis based on methodological
quality was performed. Trials were grouped in terms of setting and type of rehabilitation and duration of patient follow up.

Main results

Ten trials (9 RCTs and 1 CCT) (954 participants and 73 caregivers) met the inclusion criteria. Eight RCTs scored well; while one RCT and one
CCT scored poorly on the methodological quality assessment. Despite no change in the level of impairment, there was ’strong evidence’
to support inpatient MD rehabilitation in producing short-term gains at the levels of activity (disability) and participation in patients
with MS. There is ‘moderate evidence’ to support inpatient or outpatient rehabilitation programmes (compared with control wait-list
groups) in improving disability; and bladder related activity and participation outcomes up to 12 months following MD rehabilitation
intervention. For outpatient and home-based rehabilitation programmes there was 'limited evidence' for short-term improvements in
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symptoms and disability with high intensity programmes, which translated into improvement in participation and quality of life. For low
intensity programmes conducted over a longer period there was 'strong evidence' for longer-term gains in quality of life; and also 'limited
evidence' for benefits to carers. Although some studies reported potential for cost-savings, there is no convincing evidence regarding the
long-term cost-eEectiveness of these programmes. It was not possible to suggest best 'dose' of therapy or supremacy of one therapy over
another. This review highlights the limitations of RCTs in rehabilitation settings and need for better designed randomized and multiple
centre trials.

Authors' conclusions

MD rehabilitation programmes do not change the level of impairment, but can improve the experience of people with MS in terms of
activity and participation. Regular evaluation and assessment of these persons for rehabilitation is recommended. Further research into
appropriate outcome measures, optimal intensity, frequency, cost and eEectiveness of rehabilitation therapy over a longer time period is
needed. Future research in rehabilitation should focus on improving methodological and scientific rigour of clinical trials.

P L A I N   L A N G U A G E   S U M M A R Y

Multidisciplinary rehabilitation as supportive treatment for adults with multiple sclerosis

Multiple sclerosis is a chronic neurological condition, which can cause multiple disabilities and limit participation in young adults. This
review looked for evidence of MD rehabilitation in adults with multiple sclerosis. The authors concluded there was strong evidence that
inpatient or outpatient rehabilitation can lead to improvement in activity (disability) and in overall ability to participate in society, even
though there is no reduction in actual impairment. There was limited evidence for short-term improvements in symptoms and disability,
and in participation and quality of life with the high intensity outpatient and home-based rehabilitation programmes. For low intensity
programmes conducted over a longer period there were longer term gains in quality of life; and for benefits to carers in terms of general
health and engagement in social activities. The evidence available for other aspects of MD rehabilitation, including outpatient and home
based therapy is not yet suEicient to allow many conclusions to be drawn.
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B A C K G R O U N D

Description of the condition

Multiple sclerosis (MS) is a chronic neurological disease that is
characterized by patchy inflammation, gliosis and demyelination
within the central nervous system. It is the third most common
cause of neurological disability in adults between 18-50 years of age
aNer trauma and arthritis (Dombovy 1998) aEecting approximately
2.5 million worldwide and 20,000 persons in Australia (MS Society
2011). Prevalence of MS (per 100,000 people) in Australia has
been estimated at 40-80 in Victoria and Hobart, 30-35 in Perth
and Newcastle (Hammond 1988) compared with a much higher
prevalence in Europe of 30-150 (Compston 1998), and in the US
40-220 (KraN 2005).

The exact etiology of MS is unclear but is associated with an
abnormal immune response within the central nervous system.
An infectious agent has been implicated in its etiology (Kurtzke
1983). MS has a latitudinal discrepancy and occurs more frequently
in temperate regions away from the equator. The likelihood of a
person getting the disease is predicted by a person's residence for
the first 15 years of their life (Detels 1978). MS is more common in
females- 2.5:1 ratio.

The patterns of presentation in MS can vary.

• Relapsing remitting (RR) MS (80%) - This pattern is marked by
exacerbations and remissions. The attacks may be followed by
complete or near-complete recovery and the patient remains
well until the next exacerbation.

• Secondary progressive (SP) MS: Over time person with RR MS
may convert to a SP form of MS (KraN 2005), with progressive
disability acquired between attacks.

• Primary progressive (PP) MS (15%). A smaller group of persons
do not have acute attacks, but develop progressive disability
from the onset. This form is less responsive to immunotherapy,
has a more equal gender distribution and tends to have an older
age of onset (KraN 2005; Yorkston 2002).

• Progressive relapsing MS (5%) - These patients begin
worsening gradually and subsequently start to experience
discrete attacks.

The Expanded Disability Status Scale (EDSS) (Kurtzke 1983) is
commonly used to rate the neurological status of MS patients. It is
a 10-point scale divided into half steps (0, 1, 1.5 etc. with 0= normal,
10= death due to MS). Patients with EDSS score of 3 have minimal
disability, at 6 require a gait aid to ambulate and at 7 are wheelchair
bound.

The prognosis in MS is variable, the rate of progression depends
on type, severity and location of MS. Cognitive and behavioural
problems can be subtle and oNen precede overt physical disability,

but up to 50% will require a gait aid within 15 years of onset
(Weinshenker 1989). Immune modulatory drugs have been shown
to decrease relapse rates and produce a trend towards slowed
accrual of impairment (Langdon 1999). However a clinically
meaningful eEect of drug treatment in minimizing disability
(activity) has not yet been demonstrated.

MS is a costly disease due to early onset, long disease duration,
detrimental impact on functional status and issues of job retention/
employment (Battaglia 2000). In 2001-2002, in Australia, the
average annual direct and indirect costs per patient were estimated
to be AU$20,396 and AU$15,085, respectively (Taylor 2007). In
United States, currently MS is estimated to cost $28 billion annually
in medical costs and lost productivity (Society of Neuroscience
2011). One study estimated the total lifetime cost per patient of
MS in 1994 at $A 2.5 million (Whetten-Gol 1998). There is a positive
correlation between EDSS score categories and rising cost of care
(Patwardhan 2005).

The World Health Organization has developed an International
Classification of Functioning, Disability and Health (ICF) (WHO
2001) which defines a common language for describing the impact
of disease at diEerent levels:

• Impairments are problems with body (anatomical) structures
or (physiological) function- the symptoms and signs of disease
such as paresis, pain etc

• Activity limitation (previously known as 'disability') (WHO
2001) describes the diEiculties that a person may have in
executing everyday tasks such as self care

• Restriction in participation (previously known as handicap)
(WHO 2001) relates to problems experienced by a person with
involvement in societal participation and life situations such as
employment, social activities.

• Contextual factors include: -Environmental factors which make
up the physical, social and attitudinal environment in which
people live their lives.-Personal factors include gender, race,
self-eEicacy, coping style, social and educational background
which may aEect the person's experience of living with their
condition.

Person with MS (pwMS) can present to rehabilitation with various
combinations of deficits, such as physical, cognitive, psychosocial,
behavioural and environmental problems. Classified according to
the WHO ICF, these include impairments (strength, coordination,
balance, spasticity, memory, urinary urgency), which result in
activity limitation (mobility, self care, incontinence, pain, cognitive
deficits) and restriction in societal participation (impact on work,
driving, family, finances). The issues of progressive physical
disability, psychosocial adjustment, social reintegration progress
over time (Frankel 2001).

Figure 1 ICF diagram ( Figure 1)
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Figure 1.   This diagram has been reprinted with the permission of the World Health Organization (WHO), and all
rights are reserved by the organization. 
World Health Organization (WHO) - International Classification of Functioning, Disability and Health (ICF) Geneva.
WHO 2001.

 

Description of the intervention

Rehabilitation may be defined as 'a problem-solving educational
process aimed at reducing impairment (disability) and
participation (handicap) experienced by someone as a result of
disease or injury' (Wade 1992). Although it is sometimes eEective in
reducing impairment, its principal focus is on reducing symptoms
and limitations at the level of activity and participation, through
holistic interventions which include personal and environmental
factors (NICE 2003).

For the purpose of this review, multidisciplinary (MD) (or
interdisciplinary) rehabilitation was defined as 'an inpatient,
outpatient, home or community-based coordinated intervention,
delivered by two or more disciplines in conjunction with physician
consultation (neurologist or rehabilitation medicine physician),
which aims to limit patient symptoms, and enhance functional
independence and maximise participation, as defined by ICF (WHO
2001).

The multiple disciplines include nursing, physiotherapy,
occupational therapy, speech pathology, orthotics, dietetics,
social work, psychology or neuropsychology. Settings were
either inpatient (hospital ward or specialist rehabilitation unit),
outpatient (hospital or community), or home-based settings.
Rehabilitation multidisciplinary care is usually tailored to suit an
individual’s specific needs and therefore varies in content and
intensity.

We included studies with interventions that satisfy the definition of
MD care and which compared to some form of ‘control’ condition,
these include:

• lower level or diEerent types of intervention such as 'routinely
available local services’ (for example, medical and nursing care);

• 'minimal intervention’ (such as 'information only’);

• wait-list conditions;

• intervention given in diEerent settings;

• lower intensity of intervention.

We excluded studies with interventions that assessed the eEect of
therapy from a single discipline (for example, physiotherapy), or
any unidisciplinary intervention or modality (for example, physical
exercise).

How the intervention might work

Systematic reviews have demonstrated that holistic MD
rehabilitation is eEective in other neurological conditions such
as Stroke (Greener 2002; Langhorne 1995; Langhorne 2002), and
Acquired Brain Injury (Turner-Stokes 2005), but the evidence base
for the eEectiveness in patients with MS is not yet established.
A number of Cochrane reviews have addressed the eEects of
unidisciplinary or limited interventions.

Steultjens et al (Steultjens 2003) identified three trials with a
total of 271 patients, which addressed the eEects of energy
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conservation techniques and counselling, but were unable to
identify clear benefits from these limited studies. They highlighted
lack of properly controlled eEicacy studies for most intervention
categories of occupational therapy (OT).
Reitberg et al (Reitberg 2004) examined the eEectiveness of
exercise therapy (alone) in MS, identifying nine trials with a total of
260 patients. They found evidence for benefits in terms of power
and mobility-related activities, and to a lesser extent in mood.
However, these did not carry over into functional benefits in terms
of activities of daily living or quality of life (QoL).

Why it is important to do this review

There are no systematic reviews of MD rehabilitation care in person
with MS. Other reasons to do this review include the following:

• There are inherent diEiculties in demonstrating evidence-
based eEectiveness of rehabilitation through experimental trials
due to heterogeneity of types of MS patients and disease
manifestations, unpredictable disease course, the variety of
rehabilitation services and inconsistent use of appropriate
outcome measures (Thompson 2000; Whyte 2002).

• The MD rehabilitation intervention vary in diEerent settings
(inpatient, ambulatory), intensities and modalities of therapies,
these need further investigation as there are associated cost
implications.

• Long-term MS related disability results in a significant burden of
disease both for the patient and society as a whole.

• Advances in medical care and increased life expectancy among
persons with disabilities (including pwMS), the ongoing health
and well being become increasingly important and require long-
term planning for health service delivery. (Campbell 1999; Turk
2001). From the rehabilitation perspective, the challenge is not
just helping the pwMS become as independent as possible, but
helping them stay independent in the community in the face of
changes brought with aging (Kemp 2005).

This review is un update of the review first published in 2008.

This review analysed published (and unpublished) controlled
trials relating to MS and rehabilitation, and specifically at MD
rehabilitation in MS to identify the existing evidence base for MD
rehabilitation in adults with MS, and to discuss issues for future
expansion of the evidence base by traditional research and other
methods.

O B J E C T I V E S

To assess the eEectiveness of organized MD rehabilitation in
adults with Multiple Sclerosis (MS), aged 18 years and above. To
explore approaches that are eEective in diEerent settings, and the
outcomes that are aEected. Specific questions addressed by this
review are:

• Does organized MD rehabilitation achieve better outcomes than
the absence of such services in pwMS?

• Does organized MD rehabilitation achieve better outcomes than
the absence of such services in caregivers of pwMS?

• Which type of programmes are eEective and in which setting?

• Which specific outcomes are influenced (dependency, mood,
social reintegration, return to work)?

• Does a greater intensity (time and /or expertise) of rehabilitation
lead to greater gains?

• Are there demonstrable cost- benefits for multi disciplinary
rehabilitation in MS?

M E T H O D S

Criteria for considering studies for this review

Types of studies

All trials that stated or implied use of MD or interdisciplinary
rehabilitation intervention were included. All randomized
controlled trials (RCTs) and controlled clinical trials (CCTs) that
were included compared MD rehabilitation with either routinely
available local services; or lower or minimal levels of intervention;
or wait list conditions; or intervention in diEerent settings or at
diEerent levels of intensity.

In this review, definition of a clinical trial used was 'a prospective
experimental evaluation of a clinical intervention that assesses its
outcome against those of a control group' (Fuhrer 2005).

Types of participants

Trials were included if the study population had the diagnosis of
MS based on the validated criteria (McDonald 2001; Poser 1983;
Schumaker 1965), above 18 years of age and of either gender. These
participants included all diagnostic subgroups of MS and all stages
of disease such as relapsing remitting (RR), primary progressive
(PP) and secondary progressive (SP) MS.

Types of interventions

All trials included MD or interdisciplinary rehabilitation
programme. These comprise elements of physical therapy (PT),
occupational therapy (OT), speech pathology (SP), psychology
and or neuropsychology (NP), cognitive therapy and or behaviour
management, social work (SW), nutrition, orthotics, counselling
input, recreation and vocational therapy.

The setting of rehabilitation programmes included:

• Inpatient rehabilitation settings that provide 24 hour care, such
as a specialist medical rehabilitation unit or a hospital ward unit
(general medical unit, neurology)

• Outpatient or day treatment settings, located within the
hospital, a community centre/ day centre or a specialist
rehabilitation environment.

• Home-based setting in the patients' own home and local
community.

For the purpose of this review, intensity of MD rehabilitation
programme was subdivided into 'high' or 'low' intensity.

• High intensity therapy involved input from at least two
disciplines, a minimum of thirty minutes per session and total
duration of at least 2-3 hours of interrupted therapy per day for
at least 4 days per week. This is usually provided in inpatient
settings and some outpatient programmes.

• Low intensity programmes varied, the intensity and duration of
therapy was lesser than that provided in inpatient rehabilitation
settings and was dependent upon the type of rehabilitation
setting and available resources

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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All studies that involved a MD or an interdisciplinary rehabilitation
programme were included, provided they compared the named
intervention with some form of control condition. For the purpose
of this review the control conditions considered were:

• A lower level or diEerent type of intervention such as 'routinely
available local services' or 'minimal intervention such as'
information only' or 'single session treatment'

• MD Interventions given in diEerent settings, such as inpatient
versus community rehabilitation

• Lower intensity of treatment programmes

• Wait list conditions

Studies assessing the eEect of the following were excluded:

• Therapy from a single discipline (physiotherapy), including
studies on intensity of treatment within that discipline

• A single uni-disciplinary intervention or modality (e.g., physical
exercise)

• EEicacy of occupational therapy programmes - already dealt
with Cochrane review (Steultjens 2003) - except where it formed
part of a coordinated multidisciplinary approach.

• Programmes that included complementary medicine (yoga,
meditation) in the absence of rehabilitation.

Types of outcome measures

Studies were included if outcomes were reported at the level of
activity or participation according to the WHO ICF (WHO 2001).
Studies where outcomes were reported only at the level of
impairment were excluded.

Outcomes were categorized as indicated in Table 1 into:

• Those that focus on impairment (muscle tone and strength);

• Those that focus on goals at the level of limitation in
activities (disabilities), such as the Functional Independence
Measure (Granger 1990) with domains for self care, mobility,
communication and cognition;

• Those that focus on goals at the level of participation,
environmental and/or personal context. These include QoL,
psychosocial adjustment, social integration in pwMS and
caregiver mood.

• Those reflecting other outcomes such as associated costs,
service utilization, caregiver burden.

It should be noted however that some outcome scales crossed
boundaries between these ICF concepts,for example include items
relating to both impairment (symptoms) and activity.

Primary outcomes

The primary outcome was the minimisation of disability (limitation
in activity) using validated measures.

In this review all patients were assessed at the time of admission
and discharge from the rehabilitation programme, irrespective of
its length:

• Short-term studies' referred to trials where patients were
followed up within 6 months of completion of programme.

• Long-term studies' referred to follow up any time over six
months (usually one year and longer) aNer the intervention.

Secondary outcomes

The secondary outcomes included:

• Participatory issues, such as QoL, psychological adjustment
assessed at less than 12 months and at 12 months or more, using
validated measures.

• Outcomes that reflect cost, service utilization and care burden

Search methods for identification of studies

No language restrictions were applied to the search.

Electronic searches

The Trials Search Co-ordinator searched the Cochrane Multiple
Sclerosis Group's Specialised Register (25 February 2011).

The Cochrane Multiple Sclerosis Trials Register is updated regularly
and contains trials identified from:

1. The Cochrane Central Register of Controlled Trials (CENTRAL)
(recent issue);

2. MEDLINE (PubMed) (1966 to date);

3. EMBASE (Embase.com) (1974 to date);

4. CINAHL (Ebsco host) (1981 to Feb 2011);

5. LILACS (Bireme) (1982 to date);

6. Clinical trials registries.

Information on the Cochrane Multiple Sclerosis Group's Trials
Register and details of search strategies used to identify trials can
be found in the 'Specialised Register' section within the Cochrane
Multiple Sclerosis Group's module.

The keywords used to search for this review are listed in (Appendix
1).

For search methods used in the previous version, please see
(Appendix 2).

Additional databases searched by the authors:

1. PeDRO (1990 - 2011)(Appendix 3)

Searching other resources

1. Reference lists from published reviews on MD rehabilitation in
MS and identified RCTs and CCTs;

2. Personal communication with first authors of relevant trials or
reviews and other multiple sclerosis experts;

3. The Cochrane Rehabilitation and Related Therapies Field trials
Register;

4. National Health Service National Research Register (NRR)
including Medical Research Council Clinical Trials Directory;

5. Handsearch of relevant journals: "Multiple Sclerosis" (January
1998 - February 2011) with the search engine Proquest,
"Archives of Physical Medicine and Rehabilitation (January 1996
- February 2011), "Clinical Rehabilitation" (1998 - February 2011)
and "International Journal of MS Care" (1999 - 2011).

Unpublished trials were identified using strategies 2, 3 and 4.

Authors and well-known experts in this field were contacted if
further information about the trials was needed.

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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Data collection and analysis

Selection of studies

The reviewers (FK, BA, LN, LTS) independently screened all
abstracts and titles of studies that were identified by the
search strategy for inclusion and appropriateness based on the
selection criteria. Once all potentially appropriate studies had
been obtained, each study was independently evaluated by the
three reviewers for inclusion. If necessary, further information
was obtained to determine if the trial met the criteria. If no
consensus was met about the possible inclusion/exclusion of any
individual study, a final consensus decision was made by discussion
amongst all the reviewers. If there was still no consensus agreement
regarding inclusion/exclusion of the study, then the full article was
to be submitted to the editorial board for arbitration. Reviewers
were not masked to the name(s) of the author(s), institution(s) or
publication source at any level of the review.

Data extraction and management

Three reviewers independently extracted the data from each study
that met the inclusion criteria. If insuEicient data were available,
then authors were contacted to provide data and clarification. If
the data were unavailable or insuEicient, the study was reported
but not included in the final analysis. All studies that met the
inclusion criteria were summarized in the 'Included Studies' table
provided in the Review Manager soNware developed by the
Cochrane Collaboration (RevMan 5.1.1) to include details on design,
participants, interventions, and outcomes.

Assessment of risk of bias in included studies

The methodological quality of studies included in this review
were assessed independently by the reviewers (FK, LN, BA, LTS).
The methodological quality criteria proposed by Van Tulder
(van Tulder 1997, van Tulder 2003) were used for assessing
internal validity, descriptive and statistical criteria (Table 2:
Assessment of Methodological Quality). This criteria list draws
from the previous Cochrane Musculoskeletal Group list (van Tulder
1997), which incorporated the three Jadad criteria (Jadad 1996):
randomization (subsequently developed to include concealment
of allocation), double blinding (participant and outcome assessor)
and description of withdrawals (subsequently developed to include
intention to treat analysis).

The van Tulder et al (van Tulder 2003) criteria consist of 11
methodological criteria for internal validity. In addition, for
improved sensitivity and discrimination between high and poor
quality trials, we included the four remaining descriptive and two
statistical criteria from the earlier list (van Tulder 1997) giving a
total of 17 criteria. All items on the methodological criteria list had
equal weight. Each item was scored at 2 points for 'Yes', 1 for 'Don't
know', and 0 for 'No', and item scores were summated to a single
total score. Any disagreements regarding scoring were resolved by
consensus between reviewers. Studies were considered to be of
high methodological quality if the score was at least 50% - i.e., 11
out of 22 for the internal validity criteria, 4 out of 8 for descriptive
criteria and 2 out of 4 for statistical criteria. Studies scoring 50%
out of a total maximum score of 34 were considered of high
methodological quality. Studies were rated low methodological
quality if they achieved less than these scores.

Measures of treatment e@ect

A quantitative analysis was not possible due to the use of diverse
outcome measures and other clinical heterogeneity. Therefore,
qualitative synthesis of "best evidence" was presented based on
the levels of evidence proposed by Van Tulder et al (van Tulder 2003)
as detailed in Table 3. This includes the statistical analyses in the
included studies.

Subgroup analysis and investigation of heterogeneity

Subgroup analysis was completed by the type, setting and intensity
of rehabilitation intervention, and by duration of participant follow-
up. We discussed the trial strengths and limitations, and identified
gaps in our current knowledge and suggested future research
directions.

Sensitivity analysis

Due to the small number of studies included we were unable to
perform a sensitivity analysis to determine whether the overall
results would be the same if studies above diEerent methodologic
cut-oE points were analysed.

Details of the operational definitions of the criteria list and scoring
used in methodological quality assessment are given in Table 4.

R E S U L T S

Description of studies

Results of the search

Previously (Khan 2007) this review identified a total of 1516 titles
and abstracts. Of these, 44 studies passed the first screening and
7 RCTs (one with 2 reports) and 1 CCT (with 2 reports) were
included (see below). This review search update yielded a further
287 additional titles, of these 59 were scrutinised further and 2
additional RCTs (1 with 2 reports) were included.

Included studies

Ten trials fulfilled the inclusion criteria for this review (Freeman
1997; Craig 2003; Francabandera 1988; Pozzilli 2002; Patti 2002;
Patti 2003; Stuifbergen 2003; Guagenti-Tax 2000; DiFabio 1998;
DiFabio 1997; Storr 2006; Khan 2008; Khan 2010). Of these, eight ((7
RCTs (one with 2 reports ) and one CCT with 2 reports (DiFabio 1998;
DiFabio 1997)) were included in our previous review (Khan 2007). In
this update two new trials (one with 2 reports) were identified (Storr
2006; Khan 2008; Khan 2010; ). See: Characteristics of Included
Studies.

The included studies were conducted in five diEerent countries:
four in the US, two in Italy, two in the UK, one each in Denmark
and Australia. All trials were published between 1988 and 2010,
and written in English language. These trials involved a total of
954 participants and 73 caregivers. Eight trials included between
70 and 201 patients (Francabandera 1988; Patti 2002; Patti 2003;
Pozzilli 2002; Stuifbergen 2003; Freeman 1997; Guagenti-Tax 2000;
Khan 2008; Khan 2010; Storr 2006), while two had between 40-50
participants (Craig 2003; DiFabio 1997; Acknowledgements DiFabio
1998).

All included trials compared MD rehabilitation in the treatment
group with a control group of some sort.

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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Three studies with a total of 217 participants compared inpatient
rehabilitation with a control wait list or lower intensity group
(Freeman 1997; Craig 2003; Storr 2006). One study with 101
participants compared inpatient or outpatient rehabilitation with a
control wait-list group (Khan 2008; Khan 2010).
One study with 84 participants compared inpatient rehabilitation
with an outpatient rehabilitation programme (Francabandera
1988).
One study with 201 participants compared home rehabilitation
with a control hospital group (Pozzilli 2002).
Four studies with a total of 351 participants compared outpatient
rehabilitation with a control group (Patti 2002; Patti 2003;
Stuifbergen 2003; Guagenti-Tax 2000; DiFabio 1997; DiFabio
1998). One of these studies (Guagenti-Tax 2000) included paired
participants with MS and their carers (n=73).

Excluded studies

Fourty-nine studies (and abstracts) (36 previously identified and 13
newly identified) were excluded for the reasons shown in the table
Characteristics of Excluded Studies.

The main reasons for exclusion were:

• Not an RCT or CCT (n=29)

• Variable was not multi-disciplinary rehabilitation (n=10)

• Not MS patients or details of MS subgroup not provided (n=2)

• Abstract only and details insuEicient or results not available
from authors (n=6)

• Fatal flaws, including excessive attrition (n=1), diEerent co-
interventions (n=1)

Risk of bias in included studies

The methodological quality scores of the ten included studies are
provided in Table 5. The study scores ranged between 15 and 26 out
of a total possible score of 34.

The summary of key indicators for randomization, concealed
allocation, intention to treat and blinding of outcome assessor are
included in the descriptive tables of included studies. Table 6 shows
the Results, Description and Characteristics of Included Studies.
(See Characteristics of included studies for further details)

E@ects of interventions

Participant characteristics

The participants of studies considered in this review included
954 (920 completers) persons with MS and 73 caregivers. This
included the 207 persons with MS from the two new identified
studies (including one study with two reports) (Khan 2008;
Khan 2010; Storr 2006). Details are presented in the Table
6 showing the results of Included Studies. Table 7 highlights
the Comparative Characteristics of Included Studies and the
participant characteristics, details of interventions and outcomes.
Most included studies describe a neurologist's assessment of
patient eligibility for inclusion. Criteria for exacerbation or relapse
of MS however were not always defined.

In the three trials that compared 'Inpatient rehabilitation with
controls', the mean EDSS scores were between 5 (Craig 2003)
and 6.5 (Freeman 1997; Storr 2006). Craig 2003 included only
patients with relapsing-remitting MS, Freeman 1997 considered

progressive MS (primary and secondary) while Storr 2006 included
participants with all types of MS (63% secondary progressive). The
disease duration range of the participants was from 0 to 37 years.
Approximately two-thirds of the participants were women (range
64 - 67%) with a mean age ranged from 40 to 51.5 years.

The preliminary trial by Francabandera 1988 was the only
study comparing 'Inpatient rehabilitation with outpatient therapy'.
Although originally targeted at 24 months, the analysis in this
report was limited to 3 months. However despite contacting the
centre we were unable to trace any further report of the study.
The participant EDSS scores ranged from 6 to 9, but the types of
MS, mean disease duration and mean age of participants were not
specified, and could not be provided by the author.

One trial with two reports (Khan 2008; Khan 2010) compared
‘Inpatient or outpatient rehabilitation with controls’. The primary
patient cohort in this trial included all types of MS (more than half
were secondary progressive). The participant EDSS score ranged
from 2 - 8, with majority (58.4%) in EDSS score range of 3.5 to
6.0. The mean disease duration was 10.2 years. Approximately two-
thirds were women (71%) with a mean age of 50.3 years (range
29-65 years).

The trial by Pozzilli 2002 comparing 'Home rehabilitation with a
control group' included patients with a slightly wider range of
EDSS scores (3.6 to 8.0). It included both relapsing-remitting, and
progressive MS (primary and secondary). Again two-thirds of the
sample were women, with a mean age of 47 years and disease
duration 18.5 years.

For the four trials (DiFabio 1997; DiFabio 1998; Guagenti-Tax 2000;
Patti 2002; Patti 2003; Stuifbergen 2003) comparing 'Outpatient
rehabilitation with controls', the severity of disease (EDSS scores)
ranged from 4 to 8.5, and crossed the range of MS types. The
proportion of women ranged from 56-100%, mean age 44-49 years
and mean disease duration of the subjects was wide ranging (1 to
40 years).

Study characteristics

See Table 6 for Description of results of Included Studies and
Table 7 comparative characteristics of Included Studies. All details
of outcome measures based on between-group assessments are
presented in Table 8 (Between Group EEects of included Trials
(BGE)).

A) E@ectiveness of Inpatient MD therapy versus control

The three trials addressing the eEicacy of inpatient MD
rehabilitation (Freeman 1997; Craig 2003; Storr 2006) recruited a
total of 217 patients.

Freeman 1997 and Storr 2006 compared individualized inpatient
MD rehabilitation (for approximately 3-5 weeks) with a wait-
list control group that received no intervention. The study by
Craig 2003, focused specifically on patients admitted following
an acute relapse of MS. Both groups received intravenous
methylprednisolone, but in addition, the treatment group received
a programme of MD rehabilitation (either on an in-patient or day-
patient basis) while the control group received only standard care
(which included therapy intervention according to local availability
(quantity unspecified).

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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Two trials (Craig 2003; Freeman 1997) were rated as good quality
RCTs on all assessment criteria, although both were unblinded and
intention to treat was unspecified. The trial by Storr 2006 was of
low quality due to a number of methodological flaws - it was quasi-
randomised and despite reporting double-blinding, the method for
patient blinding was unspecified.  The follow up periods were at 6
weeks (Freeman 1997), 12 weeks (Craig 2003) and two further follow
ups with an interval of 10 weeks (Storr 2006) (Table 6).

Pooling of data from these three studies was confounded by the
design diEerences high-lighted above, and in addition by the use of
diEerent outcome measures.

For assessment at the level of impairment, Freeman 1997 used
EDSS, Craig 2003 used the Amended Motor Club Assessment (AMCA)
whilst Storr 2006 used EDSS and the MS Impairment Scale (MSIS).
At the level of activity, Freeman 1997 used the Functional
Independence Measure (FIM) as the primary outcome measure,
Craig 2003 used the Guy's Neurological Disability Scale (GNDS) and
Barthel Index (BI) whilst Storr 2006 used GNDS, Nine-Hole Peg Test
(9HPT) and Timed 10-meter walking test (TW10).
At the level of participation and quality of life, Freeman 1997
used the London Handicap Scale (LHS), Craig 2003 used the
Human Activities Profile (HAP) and SF-36 whilst Storr 2006 used
Life Appreciation and Satisfaction Questionnaire (LASQ) and the
Functional Assessment in MS (FAMS) scales.

Despite no change at the level of impairment, two studies (Craig
2003; Freeman 1997) showed modest benefits at the level of
activities and participation, but these were not reflected in quality
of life scores (Craig 2003). Storr 2006, however, did not demonstrate
any benefits at the level of impairment, disability (activities) or
participation.

The best evidence synthesis from these three RCTs (217 patients)
suggests:

• Strong evidence that organised MD rehabilitation can improve
overall disability as measured by the total FIM (Freeman 1997)
and the BI (Craig 2003); and overall level of participation in
favour of the treatment group as measured by LHS (Freeman
1997) and HAP (Craig 2003).

• Moderate evidence that inpatient rehabilitation can improve
symptoms as measured by the GNDS (Craig 2003); and self
care and sphincter control as measured by FIM (Freeman 1997);
mobility and locomotion (wheelchair users only) in the study by
(Freeman 1997), measured by the AMCA (Craig 2003) and FIM
(Freeman 1997).

• There is conflicting evidence that inpatient rehabilitation can
improve symptoms/disability as measured by the GNDS (Craig
2003; Storr 2006).

• No evidence was oEered at the level of service costs or utility.

B) E@ectiveness of Inpatient rehabilitation versus Outpatient
rehabilitation:

One study with 84 participants (Francabandera 1988) compared
the eEectiveness of inpatient rehabilitation with outpatient
rehabilitation in persons with severe MS. The follow up was
completed either by a nurse via phone or when the patient visited
the MS Center. Although this RCT reached the requirements for
high methodological quality on the assessment criteria, it was
unblinded and intention to treat was not specified. Details of

participants and interventions such as length of rehabilitation and
contents of the outpatient rehabilitation programme were not
given and could not be obtained from authors. The participant
attrition rate was high at 13%. In addition, the groups were poorly
matched for incapacity status (ISS) at baseline (t=2.18 p<0.05),
so that analysis of covariance was used to adjust for this at the
outcome assessment point. Originally planned with a 2 year follow
up period, this report presents only the 3 month data, and we were
unable to find any further published reports of this trial or to obtain
further data from the author.

According to this report, the ambulatory status and independence
in self care (ISS) improved by two points for the in-patient
group, whilst deteriorating slightly (1.5 points) for the outpatients,
resulting in a statistically significant eEect in favour of in-patient
treatment group at 3 months. However, there was no diEerence
between the groups in their need for aids and home care - indeed
both showed a trend towards increased need for assistance.

The best evidence synthesis of this study (84 patients) suggests:

• Limited evidence that inpatient rehabilitation in persons with
MS can result in greater short-term gains at the level of
activity (ambulatory status and independence in self-care (ISS)
compared with the outpatient care.

• No evidence was oEered at the level of participation

• In addition, there was no evidence that these benefits result
in reduction in the need for aids or assistance at home, which
might have translated into cost-eEectiveness, and the longer
term benefits are unknown.

C) E@ectiveness of Inpatient or Outpatient MD therapy versus
control

One trial with two reports (Khan 2008; Khan 2010) addressed
eEicacy of inpatient or outpatient MD rehabilitation in a total of
101 patients with MS. Khan 2008 compared individualized MD
inpatient or outpatient rehabilitation (for approximately 3-6 weeks)
with a wait-list control group. Although breakdown of the number
of inpatient versus outpatient participants was provided, further
subgroup analysis was not presented. Khan 2010, specifically
included only patients with bladder issues (n = 74) from the
original cohort and focused on individualised MD inpatient or
outpatient bladder management compared with control wait-list
group (managed in the community by their usual treating doctors)
in a MD rehabilitation programme.

At the level of activity, Khan 2008 used the Functional
Independence Measure (FIM) as the primary outcome measure;
and the Multiple sclerosis Impact Scale (MSIS29) and General
Health Questionnaire (GHQ28) for measuring participation. Khan
2010 used the Guy’s Neurological Disability Scale (NDS) (bladder
subscale only), Urogenital Distress Inventory (UDI6), American
Urological Association Symptom Index (AUA) scale for symptoms
and activity (disability). While measures for participation included
the Incontinence Impact Questionnaire (IIQ7), and a single QoL item
in the AUA scale.

 The trial was rated as good quality on all assessment criteria. The
follow up period was 12 months.

The synthesis of best evidence from this study (101 patients)
suggests:

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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• Moderate evidence to support the eEectiveness of the inpatient
or outpatient MD rehabilitation programme in reducing
disability (FIM) (Khan 2008); and bladder impairment and
‘activity limitation’ outcomes (UDI6, NDS, AUA) (Khan 2010).

• Moderate evidence that inpatient or outpatient MD
bladder rehabilitation improves continence-related QoL and
participation outcomes (AUA, IIQ7) (Khan 2010).

• InsuEicient evidence to support the eEectiveness of the
inpatient or outpatient MD rehabilitation programme for
improvement in participation and patient QoL (MSIS29, GHQ28)
(Khan 2008).

D) E@ectiveness of MD Home rehabilitation versus control

Only one study addressed the eEectiveness of home-based
rehabilitation in MS compared with a control group (Pozzilli 2002)
reported a reasonably high quality study for 201 participants
with definite MS, although once again, the study was unblinded
and intention to treat was unspecified, as was the amount
of therapy received. The study aimed to assess the benefits
and cost eEectiveness of a coordinated multi-disciplinary home-
based rehabilitation programme, compared with a control group
receiving standard out-patient hospital care at their usual MS
referral centre.

The outcome point was at 12 months and 188 patients reached this
point (6.5% attrition). No diEerence was found in activity measures
(both FIM and FSS) between the home-based programme group
and standard outpatient hospital care group. There was however
significant diEerence in four SF-36 health dimensions (bodily pain,
general health, social functioning and emotional role) favouring
home-based management. The cost of home-based care was
slightly less (€ 822 euros/patient/year) than hospital care, mainly
due to decreased hospital admissions. The authors concluded from
this study that MD home-based rehabilitation may provide a cost-
eEective approach to management of persons with MS and improve
their quality of life.

Based on this one reasonably high quality study (201 patients), the
best evidence synthesis suggests:

• Limited evidence that MD home based rehabilitation can
produce significant advantage over standard hospital care in
some domains of patient quality of life- (SF-36) for up to 12
months, despite no change at the level of activity (disability).

• Whilst there may be potential for reducing service costs if
hospital admissions are avoided, actual evidence for cost
eEectiveness has yet to be demonstrated.

E) E@ectiveness of MD Outpatient rehabilitation versus control

Four studies examined the eEects of out- patient rehabilitation
programmes for MS. Two reports of the same study by Patti
et al (Patti 2002; Patti 2003) examined the short-term eEects of
a high intensity out- patient rehabilitation programme in 111
patients. The other three studies (one with 2 reports) (Stuifbergen
2003; Guagenti-Tax 2000; DiFabio 1997; DiFabio 1998) (total 240
patients) addressed the eEects of a low intensity outpatient
rehabilitation programme compared with control group with MS
with a longer-term follow up (more than 6 months). Attrition rates
were unfortunately high: 24% in DiFabio 1998, 30% in DiFabio 1997,
and 38% in Guagenti-Tax 2000; although not suEicient to cause
exclusion of the study.

Patti 2002; Patti 2003 assessed the eEect of a high intensity
outpatient rehabilitation programme (six days per week) for
6 weeks, followed by a home self exercise programme for 6
weeks in a randomized, single blind controlled trial. The control
group received only home exercises. The study was of high
methodological quality on all criteria assessed. The first report
(Patti 2002) addressed outcomes at the level of participation,
mood and quality of life, and the second (Patti 2003) at the level
of activities (disability). Despite no change in impairment (EDSS
scores) or cognitive function (FIM cognitive score), the treatment
group showed significant improvements in self-care, mobility,
transfer skills and continence (as measured by the FIM motor
scale) compared with controls; and also in quality of life (SF-36),
mood (Beck Depression Inventory), fatigue (FIS) and social function
(SET).

Of the three studies addressing lower intensity programmes, two
were unblinded RCTs (Stuifbergen 2003, Guagenti-Tax 2000) of
reasonably high methodological quality on assessment criteria.
The third (DiFabio 1997; DiFabio 1998) was a non-randomised
controlled trial (CCT) which therefore scored poorly on many of
the items of internal validity and achieved an overall 'low quality'
grading, although it fared better on descriptive and statistical
criteria.

Stuifbergen 2003 examined the eEects of an 8-week MD group-
based outpatient "wellness intervention programme" for women
with MS on health behaviours and quality of life, compared with
a wait-list control group who received their programme aNer the
last data collection point (n=121). Data collection points were
at the beginning and end of the programme and at 3 and 6
months post rehabilitation. Data at the level of impairment and
activity (ISS) were provided only at baseline and 6 month follow-
up to confirm group comparability, and they did not change in
either group. Measures of participation such as barriers to health
promoting activities and personal support were also similar for the
two groups. A hierarchical linear modelling regression technique
was used to avoid bias from repeated measures data and showed
a statistically significant 'group by time' eEect for self-eEicacy and
health-promoting behaviours and for the 'mental health' and 'pain'
scales of the SF-36. The treatment group were also more likely
to be employed than the control group at follow-up. The authors
concluded that low intensity therapy and education improves
health behaviours and some dimensions of QOL for women with
MS.

Guagenti-Tax 2000 compared low intensity MD group based therapy
for patients and caregivers for 12 months (twice-monthly groups
and 10 workshops) compared with standard care (which was
not specified) (total 73 patient-caregiver units). Outcomes were
measured at 12 and 24 months. This complex study included a
large number of parameters, with no apparent attempt to correct
for multiple statistical tests, and the analysis was sometimes hard
to follow. Both groups declined significantly over the two year
period in terms of impairment and physical functioning (EDSS
and ISS) and in cognitive deficits; and both groups reported
increased satisfaction with caregiver help. However, in terms of
participation a significant interaction was seen on the SF-36 general
health subscale, for both patients and carers with the control
group reporting a greater decline in perceived health. Caregivers
in the control group also reported greater interference with social
activities over time. The authors concluded that the outpatient

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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therapy and carer/patient education improved patient perceived
health and anxiety.

DiFabio 1997; DiFabio 1998, examined extended low intensity
outpatient therapy (1 day per week for 1 year) compared with a
wait-list control group in a total of 46 subjects. Outcomes were
measured at 12 months. DiFabio 1998 reports outcomes at the level
of impairment and functional status (Symptom checklist, fatigue
and the Rehabilitation Institute of Chicago Functional Assessment
scale). DiFabio 1997 reports outcomes at the level of participation
and quality of life (SF-36 and the Multiple Sclerosis Quality of
Life Questionnaire). The principal findings from this study were
that patients receiving out-patient rehabilitation had significantly
reduced frequency of symptoms and fatigue (F 1, 30 =9.68, p=0.004)
at one year compared to the control group. The treatment group
also showed small improvements in six quality of life measures
(fatigue, general health, social function and support). These did
not improve in the control group. No data were presented on cost
benefit or other utility measures.

The synthesis of best evidence from these 4 studies (351 patients)
of out-patient rehabilitation suggests:

For short, high-intensity outpatient programmes (111 patients)
(Patti 2002; Patti 2003) despite no change at the level of impairment
(EDSS), there is:

• Limited evidence that MD rehabilitation can provide short-
term benefits at the level of activity (FIM), in particular in
motor disability (locomotor and transfer function), self-care and
sphincter function.

• Limited evidence for improvement in patient quality of life (SF
36), fatigue (FIS), mood and social function (SET).

• No evidence is as yet available regarding the longer-term
benefits or cost-eEectiveness.

For lower intensity out-patient programmes over longer term
follow-up (at 6-24 months) there was no evidence for improvement
at the level of activity (disability) in any of the studies (ISS, RIC FAS)
(DiFabio 1997; DiFabio 1998; Guagenti-Tax 2000). However, there
was:

• InsuEicient evidence from one study (44 patients) (DiFabio 1997;
DiFabio 1998) (that outpatient MD therapy can produce benefits
at the level of impairment to reduce symptom frequency and
fatigue (MS Symptom checklist composite score).

• Strong evidence from 3 studies (238 patients) for improvement
in quality of life particularly in the domains of bodily pain and
mental health domains (SF 36).

• Limited evidence from one study (121 patients) for improved
self-eEicacy and engagement in health-promoting behaviours
(SRAHP, HPLP-II), as well as employment status (Stuifbergen
2003).

• Limited evidence from one study (73 carers) (Guagenti-Tax 2000)
at the level of participation for better general health and less
interference with social activities for carers (SF36).

D I S C U S S I O N

This review investigated the eEectiveness of organized MD
rehabilitation in adults with MS based on measures of activities
and participation in the ICF (WHO 2001), and also of utility and

service costs. Unfortunately, there was a large degree of variation
in patient baseline characteristics and severity of MS, stages of MS,
measurement tools used (even for identical outcomes), treatment
and control protocols and length of follow up in these studies.
Because of this heterogeneity, it was not possible to pool data
statistically. Instead best evidence synthesis was performed using
a qualitative analysis.

We found ’strong evidence’ that inpatient MD can produce short-
term gains at the levels of activity impairment (disability) and
participation for patients with MS. There is ‘moderate evidence’
to support inpatient or outpatient rehabilitation programmes
(compared with control wait-list groups) in improving disability;
and bladder related activity and participation outcomes up to
12 months following rehabilitation intervention. This updated
review increases the body of evidence for centre-based MD
rehabilitation programmes. For outpatient and home-based
rehabilitation programmes there was 'limited evidence' for short-
term improvements in symptoms and disability with high intensity
programmes, which translated into improvement in participation
and quality of life. For low intensity programmes conducted over a
longer period there was 'strong evidence' for longer term gains in
quality of life (albeit to a modest degree and not in all domains);
and also 'limited evidence' for benefits to carers in terms of general
health and engagement in social activities. Although some studies
reported potential for cost-savings, at the current time there is no
convincing evidence regarding the long-term cost-eEectiveness of
these programmes.

The strength of findings was limited by the small number of studies
and in some cases by methodological weaknesses. All of the studies
were single centre trials, with fairly small participant numbers,
with a risk of type I and II errors. Many of the trials, particularly
in outpatient settings used a larger number of statistical tests
without adjustment of the level of probability. Details of the
participants and the interventions were frequently missing and
were not obtainable from the authors despite attempts to contact
them.

Local practices tended to vary in diEerent countries (US, UK, Italy,
Denmarkand Australia) making it harder to interpret and compare
outcomes. The issues of design in MD health services intervention
are complex. The ‘real life’ clinical settings may have operational
issues such as relating to rehabilitation ‘slots’ availability within
health service, appropriate staEing levels for timely intervention
etc. In several of the studies (Freeman 1997; Khan 2008; Khan 2010;
Patti 2002; Patti 2003; Storr 2006), rehabilitation programmes were
individually tailored for MS participants and therefore not possible
to standardize across the care spectrum. This heterogeneity may
reflect the wide variety of the rehabilitation programmes in
diEerent settings and under diEerent healthcare system. From this
review, it has not been possible to suggest best 'dose' of therapy,
further studies are needed to suggest optimum number, duration
and intensity of treatment sessions.

Adverse eEects of rehabilitation are possible, but rarely seen in
practice. Only one trial with two reports (Khan 2008; Khan 2010),
reported adverse eEects attributable to the rehabilitation. Fatigue
is a major issue in MS, and many of the studies measured fatigue,
but none showed an increase in fatigue as a result of rehabilitation.

This review has served to highlight some of the limitations
and challenges for randomised controlled trial methodologies

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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in complex interventions such as rehabilitation for chronic
degenerative conditions. Previous authors (Khan 2010c; Ng 2009;
Turner-Stokes 2005; Whyte 2002; Thompson 2000) have highlighted
some of these limitations which include the following:

• Rehabilitation is a complex form of treatment which is diEicult to
quantify, and may include multiple interventions, and depends
on the interaction between the patient and the clinician.
Programmes frequently involve dynamic interplay in behaviour
between patient and therapist, which are dependent upon
patient response and potentially confound simple division into
'treatment' and 'control' conditions.

• The target population is characterised by relatively small
numbers of patients with marked heterogeneity within
participants in terms of disease type, clinical presentation, goals
for treatment. A large pool of patients or 'pure participants'
would be required to minimize confounding impairments, and
this is oNen beyond the capacity of a single institution. Multi-
centre trials may provide larger numbers but oNen at the
expense of increased heterogeneity, with little net benefit.

• In longer term conditions, intervention must be evaluated over
a significant period of time and this may lead to diEiculties
with recruitment and retention, especially in the control groups.
There may also be ethical and consent issues, particularly where
patients have cognitive deficits arising from their condition.

• True 'blinding' of participants and care providers is rarely
possible in the context of rehabilitation, and attempts to blind
outcome assessor may be confounded if patients unwittingly
volunteer information about their treatment during the course
of assessment.

More recently an alternative approach to gathering evidence was
trial led through the use of ‘clinical practice trials’ that acquire
prospective and retrospective data without disrupting the natural
milieu of treatment (Gassaway 2005). This routine data collection
can provide additional information about the nature of services
provided, the outcomes and models of care for rehabilitation and
implications for clinicians. This approach was used recently in a
pilot study in an inpatient MS population (n=24) to quantify the
intensity and frequency of rehabilitation to understand patient
complexity and need for therapy (Khan 2010a). More work is
needed to build evidence base in this context and identify
components comprising the ‘black box’ of rehabilitation.

Persons with MS oNen have complex issues. Clinicians may not
always agree with one another or incorporate the perspective of
the person with MS and/or caregivers. The clinical decision making
process can be subjective and biased (Elstein 2002). The use of
only standardized instruments for functional assessments can also
cause bias (Brown 2004). One patient centred outcome process
is the use of ‘goal attainment scaling’ (GAS) procedure (Kiresuk
1968). In one MS inpatient cohort, GAS was found to be more
meaningful compared with standard outcomes measures (FIM,
BI), as it evaluated outcomes considered important by patients
(Khan 2008a). Incorporation of the perspectives of patients with MS
(and their carers) can facilitate clinical decision making processes
and approaches. In one study of persons with MS (n=101), their
self reported problems were linked with the ICF (Khan 2007a)
for incorporation in MD care programmes. Further, an expert
consensus opinion (used a Delphi exercise) about issues that
should be addressed in MD programmes for pwMS was also
reported (Khan 2007b). Lists of ICF categories or ‘core set’ was

selected by experts to facilitate clinical care and agreement, and
these in the future may assist in outcome development in MS using
the ICF item banking and scale development techniques (Cieza
2009; Grill 2009).

Assimilation of data from diEerent trial also poses challenges
because of marked heterogeneity in intervention type and setting;
and also with respect to the outcome measures used and time
points for assessment. Floor/ceiling eEects may limit sensitivity
to treatment eEects, and even the most carefully standardised
measures may behave diEerently in diEerent cultures and settings
(Tennant 2002). In this review we have attempted to subdivide
outcomes into the levels of impairment, activity (disability) and
participation as described by the WHO ICF. However, many of the
measures straddle these concepts and include items at diEerent
levels. For example, the EDSS includes a mixture of impairment and
disability, and whilst it may provide useful categorisation of disease
severity, it is not a sensitive outcome measure for rehabilitation
which generally does not alter impairment.

Many of the outcomes measures used in MS trials were primarily
designed for other conditions (for example the London Handicap
Scale was developed for use in stroke patients and the SF-36
for general populations). These scales may not be sensitive to
changes peculiar to fluctuating conditions such as MS (Freeman
1999; Thompson 2000). Although specific measures, such as the
Multiple Sclerosis Impact Scale (MSIS) (Hobart 2001) have since
been developed for use in this context, these have yet to be
widely taken up and most of the trials included in this review
pre-dated their development. Newer techniques of data analyses
such as application of Rasch analyses can convert ordinal data
to interval estimates, which allow improved measurement (Ramp
2009). Rasch analyses can demonstrate significant diEerence
in responsiveness at the ‘individual person’ level rather than
‘group level’ estimates. This technique is recommended for future
rehabilitation trials.  

Finally, more research is needed (at national and international
level) to study the variability and outcomes of MS rehabilitation
programmes, to improve data collection and identify health
service planning needs. One recent report (Khan 2009) used
the Australian national rehabilitation dataset to review the
rehabilitation outcomes of 1100 pwMS (over a 5 year period) from
162 accredited rehabilitation facilities across Australia. Analysis of
outcome measures showed that following inpatient rehabilitation,
there was reduction in disability (FIM) and in hospital length of
stay, and increased discharge of these persons back into the
community. This study highlighted need for further research to
improve standardized data collection in the national datasets for
the information to be more clinically meaningful in the future.

Limitations of this review

The assimilation of available evidence was challenging due to the
diversity of trials in this review. The authors accept that there may
have been a degree of:

• selection bias from the literature search (van Tulder 2003)

• publication bias (Egger 1998) if trials have not been published
due to they have small patient numbers and negative results

• reference bias (Goetzsche 1987) for published studies included
in this review.

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)
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The review has taken an inclusive approach to a broad area of
clinical practice and this approach has posed significant challenges
for the assessment and assimilation of the available evidence.
It may be contended that we have adopted too low threshold
for inclusion of studies of low quality. On the other hand, we
believe that the presented synthesis of 'best evidence' based on
assessment of methodological quality, has facilitated a helpful
comparison of the various studies available. It also allows open
acknowledgement of the 'limited evidence' which comes from
these poorer (or single ) studies which is nevertheless the best
available at the current time.

Our attempt to categorise evidence according to the WHO ICF
posed some methodological problems, since many of the outcome
measures used in trials crossed the boundaries between the
diEerent levels of the model. However we still believe that this
model is helpful to clarify the experience of people who live with
long term neurological conditions.

Summary and future research

Based on a qualitative synthesis of best evidence, this review
suggests that, despite no change at the level of impairment, multi-
disciplinary rehabilitation can improve the experience of people
living with multiple impairment in terms of both activity and
participation. However, the evidence for cost-eEectiveness is as yet
'suggestive' and further direct evidence is required. No adverse
eEects of rehabilitation intervention were reported, and it was not
possible to suggest best 'dose' of therapy or supremacy of one
therapy over another.

With spiraling health care costs and the increased demand for
rehabilitation services, it has become increasingly important to
justify expense of rehabilitation services. This review highlights the
limitations of RCTs in rehabilitation settings and the need for better
designed randomized and multiple centre trials; also the use of
complimentary research methods to build a rounded evidence-
base in this area. The perspective of the person with MS should
be incorporated; and participation issues relevant to MS (such as
return to work, driving, community reintegration, leisure, parenting
and psychosocial issues) need further evaluation.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The evidence presented in this review supports the
recommendation that patients with all types of MS should undergo

regular specialist evaluation and follow up to assess their need
for appropriate rehabilitation intervention as well as maintenance
therapy in order to maximise their capacity for independent living
and societal participation. The type and setting of the rehabilitation
treatment (inpatient, community) should be individualized based
on patients' specific needs. Inclusion or exclusion of patients for
rehabilitation shortly aNer relapse is available only for some studies
(Craig 2003; Freeman 1997) and could be a significant confounding
factor when it is not reported or where there is a significant
imbalance between treatment and control groups. Gaps in this
knowledge could then suggest directions for future research. The
needs of their caregivers should also be addressed.

Implications for research

This review highlights the need for:
High quality RCTs and other designs where appropriate, which
assess

• the eEectiveness of specific rehabilitation interventions (and
components),

• the appropriate intensity and settings of therapy,

• the cost eEectiveness of comprehensive MD rehabilitation
programmes

• the impact of therapy on patients and their families.

·Development of appropriate outcome measures including

• Reliable and valid outcome measures which reflect domains of
the ICF.

• Application of improved data analyses techniques e.g. Rasch for
improved measurement.

• Measurement of the eEects of rehabilitation over longer periods
(over 12 months) in terms of eEects on persons with MS and on
social costs (associated with care costs, inability to drive, work).

• A consensus on a core set of measurement of outcomes in MS
trials.
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Characteristics of included studies [ordered by study ID]

 

Methods RCT. Block randomisation.

Participants U.K., N = 41 (1 drop out), treatment group = 20, control = 21 (1 drop out). Patients randomised to brief
(3-8 days) inpatient or day case therapy or usual hospital care while receiving IVMP.

Interventions Treatment group - received IVMP and MD care as inpatient or day case. Control group - limited PT and
OT.

Outcomes GDNS, AMCA, HAP, BI, SF-36

Notes Length of follow up 3 months. Breakdown of those treated as inpatients versus outpatients not speci-
fied.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants randomly allocated to treatment or control group according to
the randomisation list.

Craig 2003 

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

19

https://doi.org/10.1002%2F14651858.CD004170.pub2


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Allocation concealment
(selection bias)

Unclear risk No information provided for the method of concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Only 1 dropout in the control group, no other missing outcome data,

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias High risk Analyses not performed according to the ITT; inclusion and exclusion criteria
not clearly specified; more females and older participants with shorter disease
duration in the control group.

Craig 2003  (Continued)

 
 

Methods CCT.

Participants USA, N = 44, (13 drop outs), treatment = 19 (7 drop outs) and control (wait-list) = 25 (6 drop outs)

Interventions Treatment group - MD outpatient rehabilitation for 1 year Control group - medical wait-list.

Outcomes RIC-FAS, SF36, MSQOL-54

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Not randomised

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 

High risk Overall 13 participants (30%) dropout and missing data not provided.

DiFabio 1997 
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All outcomes

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported

Other bias High risk Analyses were not performed according to ITT. Bias related to study design.

DiFabio 1997  (Continued)

 
 

Methods CCT.

Participants USA, N = 46, Treatment = 20 (7 drop outs) and control (wait-list) = 26 (6 drop outs)

Interventions Treatment group - MD outpatient rehabilitation for 1 year Control group - medical (pharmacologic)
management only.

Outcomes Selected items from RIC-FAS, MS related symptom checklist composite score, Fatigue frequency

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Not randomised.

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Overall 28% dropout. Participants who dropout in the control group had lower
functional status than those who remained in the study.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias High risk Analyses were not performed according to ITT. Bias related to study design.

DiFabio 1998 

 
 

Methods RCT. Block randomization.

Participants USA, N = 84 (11 drop outs), Treatment (inpatient group) = 42, control (outpatient) = 42

Francabandera 1988 
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Interventions Inpatient group: individualised MD care Outpatient group: individualised MD care as required

Outcomes ISS, Hours of home assistance required (self-care).

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Particpants randomly assigned to treatment and control group, detail proce-
dure not provided.

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 13% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias High risk Analyses were not performed according to ITT.

Francabandera 1988  (Continued)

 
 

Methods RCT. Randomization, stratified based on EDSS scores.

Participants U.K. N = 70 (4 drop outs), treatment = 34 (2 dropouts) and control = 36 (2 dropouts)

Interventions Treatment group - inpatient individualized, MD rehabilitation programme Control group - no rehabilita-
tion intervention.

Outcomes EDSS, self-reported relapses, FIM, LHS, drug management

Notes Follow up was limited (6 weeks only)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants stratified based on the entry EDSS scores and randomly assigned
to treatment and control group (wait-list).

Freeman 1997 

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

22



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessors not totally blinded, justification to minimise the detection bias was
provided.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 6% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias High risk Analyses were not performed according to ITT.

Freeman 1997  (Continued)

 
 

Methods RCT.

Participants USA, N = 73 patient-caregiver units. Dropout of 14 units prior to programme start (group not specified).
Treatment group 43 and control 30 units.

Interventions Treatment group - Twice-monthly MD day-care group programme for 12 months and 10 workshop-
s.Control group - standard care mentioned but not specified.

Outcomes EDSS, ISS, PDQ, HVL, MHI, SIP, Revised UCLA Loneliness-Companionship Scale, QRS, SF36, Satisfaction
with care (including timeliness), Cost of health care and home assistance, length of stay and reason for
nursing home placement, qualitative final programme evaluation.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization followed the Zelen "randomised consent" procedure initially
but was changed to a conventional randomization in year 3.

Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment procedure not provided. Participants were
allocated to treatment and control group, without their knowledge or consent.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Guagenti-Tax 2000 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 19% dropout.

Selective reporting (re-
porting bias)

Unclear risk All pre-specified primary and secondary outcomes reported.

Other bias Low risk Analyses were performed according to ITT.

Guagenti-Tax 2000  (Continued)

 
 

Methods RCT.

Participants Australia N = 101 Intervention =49 (1 drop out), control =52 (2 drop outs)

Interventions Treatment group - individualised inpatient or outpatient MD rehabilitation programme. Control group:
wait list (no treatment)

Outcomes FIM, MSIS29, GHQ28

Notes Length of follow up 12 months. 12 participants from control group also required and received the inter-
vention. Additional analysis for those who received treatment was performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated randomisation sequence stratified by EDSS score, with
wait list control group.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment mentioned in acknowledgement section only, detail
information not provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Treating personnel blinded but participants became blinded 8 months into the
trial.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 3% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported. Additional analy-
sis performed comparing those who received and those who did not received
the intervention, irrespective of the randomisation.

Other bias High risk Analyses were not performed according to ITT.

Khan 2008 
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Methods RCT.

Participants Australia, N = 74 Intervention =40 (16 drop outs), control =34 ( 0 drop out)

Interventions Treatment group - individualised MD bladder rehabilitation programme. Control group: usual care.

Outcomes UDI6, NDS,AUA, IIQ7

Notes Same group of patients as Khan 2008 with bladder issues. Length of follow up 12 months. 10 partici-
pants from control group received the intervention. Additional analysis for those who received treat-
ment was performed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated randomisation sequence stratified by EDSS score, with
wait list control group.

Allocation concealment
(selection bias)

Low risk Numbered opaque sealed envelopes used to conceal allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Treating personnel blinded but participants became blinded 8 months into the
trial.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Overall there was 22% dropout and all were from the treatment group.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported. Additional analy-
sis was performed comparing those who received and those who did not re-
ceived the intervention, irrespective of the randomisation.

Other bias High risk Analyses were not performed according to ITT.

Khan 2010 

 
 

Methods RCT.

Participants Italy N = 111 (5 drop outs), Treatment = 58 (4 drop outs) control = 53 (1 drop out)

Interventions Treatment group - comprehensive outpatient rehabilitation programme followed by a home exercise
programme for 6 weeks.Control group - Home exercise programme for 12 weeks.

Outcomes EDSS, SF36, FIS, SET, BDI

Notes Same group of patients as Patti 2003

Risk of bias

Patti 2002 

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated randomisation sequence stratified by EDSS score, with
wait list control group.

Allocation concealment
(selection bias)

Low risk Numbered opaque sealed envelope used to conceal allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 5% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias Low risk Analyses were performed according to ITT.

Patti 2002  (Continued)

 
 

Methods RCT.

Participants Italy N = 111 (5 drop outs), Treatment = 58 (4 drop outs), control = 53 (1 drop out)

Interventions Treatment group - comprehensive outpatient rehabilitation programme followed by a home exercise
programme for 6 weeks.Control group - Home exercise programme for 12 weeks.

Outcomes EDSS, FIM

Notes Same group of patients as Patti 2002

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated randomisation sequence stratified by EDSS score, with
wait list control group.

Allocation concealment
(selection bias)

Low risk Numbered opaque sealed envelopes used to conceal allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel

Patti 2003 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 5% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias Low risk Analyses were performed according to ITT.

Patti 2003  (Continued)

 
 

Methods RCT. Block randomisation.

Participants Italy N = 201 (13 drop outs) Treatment = 133 (10 drop outs), control = 68 (3 drop outs).

Interventions Treatment group -individualised clinical care and coordinated home services Control group - routine
hospital care at their MS referral centres as required

Outcomes EDSS, MMSE, FIM, FSS, CDQ, STAI, STAXI, SF36, resource use and cost

Notes The amount of therapy was not specified.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated block randomisation, stratified by age and EDSS.

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 7% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias High risk Analyses were not performed according to ITT.

Pozzilli 2002 
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Methods RCT.

Participants Denmark N = 106, Intervention =41 (3 drop out), control =65 ( 13 drop out)

Interventions Treatment group - individualised inpatient MD rehabilitation programme. Control group: no treatment
waitlist.

Outcomes MSIS, EDSS, GND, 9HPT, TW10, FAMS, LASQ, VAS

Notes Length of follow-up of 10 week. Unequal distribution of participants in two groups, and 20% drop outs
in the control group

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Random allocation to treatment and control groups by odd and even num-
bers.

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk The investigators state that patients were unaware of treatment, but likely pa-
tient knew they received treatment.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 15% dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias High risk Analyses were not performed according to ITT.

Storr 2006 

 
 

Methods RCT.

Participants USA N = 121 (8 dropouts) treatment = 61 (5 drop outs), control = 60 (3 drop outs)

Interventions Treatment group - 2-phased MD wellness programme consisting of a lifestyle change phase, followed
by telephone calls post completion of programme. Control group - monthly phone call.

Outcomes ISS, SF36, SRAHP, HPLP-II, BHPADPS, PRQ85 (part 2), employment

Notes  

Risk of bias

Stuifbergen 2003 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation performed by random number table method.

Allocation concealment
(selection bias)

High risk Allocation concealment not stated.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No blinding of participants and treating personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Overall 75 dropout.

Selective reporting (re-
porting bias)

Low risk All pre-specified primary and secondary outcomes reported.

Other bias Unclear risk ITT was specified but figures were not provided.

Stuifbergen 2003  (Continued)

ITT = Intention to Treat
IVMP = intravenous methylprednisolone
MD = Multidisciplinary
MS = Multiple sclerosis
N = Number
OT = Occupational therapy
PT = Physiotherapy
RCT = Randomised Controlled Trial
CCT Clinical Controlled Trial
UK = United Kingdom
USA = United States of America
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aisen 1996 Not a RCT/CCT

Barrett 2009 Randomised variable was physical modalities not MD therapy.

Bethoux 2003 Abstract only

Bethoux 2005 Not a RCT/CCT

Bethoux 2005 A Poster only

Bourdette 1991 Poster only

Brissart 2010 Not a RCT/CCT
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Study Reason for exclusion

Carey 1988 Not a RCT/CCT

Carton 2000 Not a RCT/CCT

Cendrowski 1999a Not a RCT/CCT

Cendrowski 1999b Not a RCT/CCT

Coote 2009 Randomised variable was physical modalities not MD therapy.

Edwards 2002 Not a RCT/CCT

Feigenson 1981 Not a RCT/CCT

Fink 2010 Randomised variable was executive function intervention not MD therapy.

Flavia 2010 Randomised variable was cognitive intervention not MD therapy.

Freeman 1996a Abstract only

Freeman 1996b Not a RCT/CCT

Freeman 1999 Not a RCT/CCT

Freeman 2005 Not a RCT/CCT

Grasso 2005 Not a RCT/CCT

Greenspun 1987 Not a RCT/CCT

Grossman 2010 Randomised variable was cognitive intervention not MD therapy.

Hebert 2009 Randomised variable was vestibular intervention not MD therapy.

Hinrichs 2003 Not a RCT/CCT

Jones 1996 Fatal flaw (attrition rate 40%)

Jonsson 1996 Not a RCT/CCT

Jorger 2001 Not a RCT/CCT

Kalina 2009 Not a RCT/CCT

Khan 2010b Not a RCT/CCT

Kidd 1995 Not a RCT/CCT

Kidd 1997 Not a RCT/CCT

Liu 2003 Not a RCT/CCT

Mostert 2005 Randomised variable was pulsed magnetic field therapy not MD therapy.

Palmisano 1999 Results published in Pozzilli 2002
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Study Reason for exclusion

Plow 2009 Randomised variable was physical modalities not MD therapy.

Portillo 2009 Not a RCT/CCT

Pozzilli 2004 Not a RCT/CCT

Reding 1987 Not a RCT/CCT

Riazi 2004 Co-interventions were different

Roush 1995 Not a RCT/CCT

Sitzia 1998 Not a RCT/CCT

Slade 2002 Primarily stroke and TBI patients. The number of MS participants not specified.

Storr 1999 Poster only

Van der Putten 1999 Not a RCT/CCT

Vaney 1996 Not a RCT/CCT

Wahls 2010 Randomised variable was neuromuscular electric stimulation not MD therapy.

Ward 2004 Results of the MS subgroup not provided

CCT = Controlled clinical trial
RCT = Randomised controlled trial
MS = Multiple sclerosis
TBI = Traumatic brain injury
 

 

A D D I T I O N A L   T A B L E S
 

Outcome at the level Outcome Measures

Impairment and symptoms Motor 
Amended Motor Club Assessment 
(AMCA) 
Expanded Disability status scale (EDSS)

Functional Assessment in Multiple Sclerosis (FAMS)

Multiple Sclerosis Impairment Scale (MSIS) 
Cognitive 
Hopkins Verbal Learning Test (HVL) 
Mini-mental state examination (MMSE) 
Symptoms 
Beck Depression Inventory (BDI) 
Clinical depression questionnaire 
(CDQ) 
Fatigue Frequency 
MS symptom checklist composite score 
Self-reported relapses 

Table 1.   List of Outcome Measures focusing on goals at the levels of impairment, disability 
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State trait anxiety inventory (STAI) 
State trait anger expression inventory(STAXI) 
Bladder

American Urological Association Symptom Index (AUA)

Activity limitation Barthel index (BI) 
Fatigue severity scale (FSS)

Functional Independence Measure (FIM)

Functional Assessment Scale (RIC FAS) 
Guy's Neurological Disability Scale (GNDS)

General Health Questionnaire (GHQ28) 
Incapacity Status Scale (ISS)

Nine-Hole Peg Test (9HPT) 
Rehabilitation Institute of Chicago 
Timed 10-metre Walking Test (TW10)

Visual Analogue Scales (VAS)

Bladder

Neurological Disability Scale (NDS)

Urogenital Distress Inventory (UDI6)

Participation Quality of Life 
Fatigue impact scale (FIS)

General Health Questionnaire (GHQ28)

Multiple Sclerosis Quality-of-Life Questionnaire (MS QOL)

Multiple Sclerosis Impact Scale (MSIS29)

Life Appreciation and Satisfaction Questionnaire (LASQ) 
Perceived Deficits Questionnaire (PDQ) 
36 item Short Form Health Survey Questionnaire (SF36) 
Social 
Barriers to Health Promoting Activities for Disabled Persons Scale (BHPADPS) Employment 
Health Promoting Lifestyle Profile II (HPLP-II) 
Human Activity Profile (HAP) 
London Handicap Scale (LHS) 
Personal Resource Questionnaire (PRQ) 
Questionnaire on Resources and Stress (QRS) 
Revised UCLA Loneliness Scale 
Sickness Impact Profile (SIP) 
Self-Rated Abilities for Health Practices scale (SRAHP) 
Tempelar Social Experience Checklist (SET)

Bladder

Incontinence Impact Questionnaire (IIQ7)

Other Discharge destination (home/ institution) 
Drug Management 
Cost of care 
Hospital length of stay or treatment 
Hours of home assistance 
Qualitative final programme evaluation 

Table 1.   List of Outcome Measures focusing on goals at the levels of impairment, disability  (Continued)
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Satisfaction with care/services 
Timeliness of health care

Table 1.   List of Outcome Measures focusing on goals at the levels of impairment, disability  (Continued)

 
 

 

Internal validity 
A. Was the method of randomization adequate? 
B. Was the treatment allocation concealed? 
C. Were the groups similar at baseline regarding the most important prognostic indicators? 
D. Was the patient blinded to the intervention? 
E. Was the care provider blinded to the intervention? 
F. Was the outcome assessor blinded to the intervention? 
G. Were co-interventions avoided or similar? 
H. Was compliance acceptable in all groups? 
I. Was the drop out rate described and acceptable? 
J. Was the timing of the outcome assessment in all groups similar? 
K. Did the analysis include an intention to treat analysis? 
 
Descriptive criteria (external validity) 
L. Were eligibility criteria for entry clearly mentioned? 
M. Were the index and control interventions explicitly described? 
N. Were adverse effects described? 
O. Was the timing follow up measurements (short term/long term) described? 
 
Statistical criteria 
P. Was the sample size for each group described? 
Q. Were point estimates and measures for variability presented for the primary outcome measures? 
 
* Criteria A-K constitute the internal validity criteria recommended by van Tulder (2003). Criteria L-Q are the remaining descriptive
and statistical criteria from their earlier list van Tulder (1997)

Table 2.   Methodological criteria list (van Tulder 1997/2003) 

 
 

 

Strong evidence: provided by consistent, statistically significant findings in outcome measures in at least two high quality RCTs.

Moderate evidence: provided by consistent, statistically significant findings in outcome measures in at least one high quality RCT and
at least one low quality RCT or a high quality CCT.

Limited evidence: provided by statistically significant findings in outcome measures in at least one high quality RCT; or provided
by consistent, statistically significant findings in outcome measures in at least two high quality CCTs (in the absence of high quality
RCTs).

Indicative evidence: provided by statistically significant findings in outcome and or process measures in at least one high quality CCT
or low quality RCT (in the absence of high quality RCTs).

No/ insufficient evidence: Results of eligible studies do not meet the criteria for one of the above stated levels of evidence; or no eligi-
ble studies.

Conflicting evidence: (statistically significant positive and statistically significant negative) results among RCTs and CCTs; or no eligi-
ble studies

Table 3.   Method for synthesis of best evidence (based on van Tulder 2003) 
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(Score: Yes = 2, don't know =1, no = 0)

A. Method of randomization was positively scored if a random assignment sequence was used (computer generated random table
number and/or use of opaque sealed envelopes).

B. Concealment of treatment allocation was scored positively where an independent person generated the assignment and was not
responsible for determining eligibility of the patients. A central randomization scheme involved numbered or coded containers such
as on-site computer systems that provided allocation in locked unreadable files accessible only after inputting the characteristics of
an enrolled participant and sequentially numbered sealed opaque envelopes. If concealment of treatment allocation was described
only as randomized, it was considered unclear.

C. To get a positive score the groups had to be similar at baseline (regarding demographic factors, duration and severity of com-
plaints, percentage of patients with neurologic symptoms and value of main outcome measures).

D. The reviewer determines if enough information about blinding is given to score a 'yes'.

E. The reviewer determines if enough information about blinding is given to score a 'yes'

F. The reviewer determines if enough information about blinding is given to score a 'yes'.

G. Co-interventions should either be avoided in the trial design or should be similar between index and control groups to score a 'yes'.

H. The reviewer determines if the compliance to the interventions is acceptable, based on reported intensity, duration and number of
sessions for both index intervention and control intervention, to score a 'yes'.

I. The number of participants who were included in the study but did not complete the observation period or were not included in the
analysis must be described and reasons given. If the percentage of withdrawals and drop outs does not exceed 20% for short term
follow-up and 30% for long term follow-up and does not led to a substantial bias, a 'yes' is scored.

J. Timing of outcome assessment should be identical for all intervention groups and for all important outcome assessments to score
a 'yes'.

K. All randomized patients are analysed in the group they were allocated to by randomization, for the most important moment of ef-
fect measurement (minus missing values) irrespective of non- compliance and co-interventions to score a 'yes'

L. The reviewer determines whether the participant inclusion and exclusion criteria for entry were clearly defined to score a 'yes'.

M. The reviewer determines whether details of the index and control interventions were explicitly described - including disciplines in-
volved and treatment duration. For example, whether a clearly defined treatment protocol was present.

N. Each adverse event should be described and attributed to the allocated treatment. If it is explicably reported that no adverse ef-
fects have occurred, a 'yes' should be scored.

O. The outcomes measured within 6 months of intervention period (short term) or after 6 months of randomization (long term)
should be scored 'yes' if mentioned.

P. To be presented for each group at randomization and for most important outcome assessments to score a 'yes'. Therefore in con-
trast to previous lists there is no preset cut-oE point to determine whether sample size is sufficient.

Q. Both point estimates and measures of variability should be presented (to be scored for each important outcome parameter sepa-
rately) to score a 'yes'. Point estimates include means, medians and modes. Measures of variability include standard deviations and
95% confidence intervals.

Table 4.   Operational definitions and Scoring of the Methodological criteria list 
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Other procedures used included:

Blinding: Single blinding of outcome assessors was scored positive only if assessors were blinded regarding treatment allocation and
when standardized assessment measures or procedures were used to structure interviews.

Patient blinded to intervention is unlikely in rehabilitation settings if consent procedures were applied.

Intention to treat (ITT): was scored positive if all patients randomized to the intervention group were included in the analysis regard-
less of non- compliance and co-interventions. If loss to follow-up was substantial (20% or greater), an ITT analysis, as well as an alter-
native analysis, which accounts for missing values (eg. worst case analysis) should have been performed.

Eligibility criteria: scored positive if a list of explicit inclusion/ exclusion criteria was provided.

Outcome measures relevant: outcome measures reflecting limitation in impairment, activity (disability) and participation as relevant
to the intervention.

Adverse effects can occur with rehabilitation intervention. We looked for evidence on report of adverse effects in the included trials
for this review.

Fatal flaws in studies included: withdrawals of more than 40% of patients, non-adherence to the protocol and poor or non-adjusted
comparability in the baseline criteria. These studies were considered inadequate for inclusion in the review.

Table 4.   Operational definitions and Scoring of the Methodological criteria list  (Continued)
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Description Free-
man
1997

Craig
2003

Storr
2006

Khan
2008

Khan
2010

Franca-
bandera
1988

Pozilli
2002

Patti
2002,2003

Stuif-
bergen
2003

Guagen-
ti-Tax
2000

DiFabio
1997,
1998

Randomized yes yes Yes Yes Yes yes yes yes yes yes no

Internal Validity +abcdefghijk 2, 1, 2, 0,
0, 0, 2, 2,
2, 2, 0

2,1,2,0,0,0,2,2,2,2,0,0,0,2,0,1,2,1,0,0,1,02,1,1,0,1,2,1,2,2,2,02,2,1,0,1,2,1,1,2,2,02, 0, 1, 0,
0, 0, 2, 2,
2, 2, 0

2, 0, 2, 0,
0, 0, 2, 2,
2, 2, 0

2, 2, 2, 0,
0, 2, 2, 2,
2, 2, 2.

2, 0, 2, 0,
0, 0, 1, 2,
2, 2, 0

2, 0, 1, 0,
0, 0, 1, 2,
2, 2, 1.

0, 0, 2,
0, 0, 0, 1,
1,1, 2, 0

Sum Score (max 22) 13 13 7 14 14 11 12 18 11 11 7

External Validity +l,m,n,o, 2, 2,1, 2 1,2,0,2, 2,2,0,2 2,2,2,2 2,2,2,2 2,2,.0,2 1,1, 0, 2 2,2,0,2 2,2,0,2 1,2,0,2 2,2,0,2

Sum Score (max 8) 7 5 6 8 8 6 4 6 6 5 6

Statistical Criteria +p,q 0,2 0,2 0,1 2,1 2,1 0.2 2.2 0.2 2.2 0.2 0.2

Sum Score (max 4) 2 2 1 3 3 2 4 2 4 2 2

Total Study score (Max 34) 22 20 14 25 25 19 20 26 21 18 15

Total score % 64.7 58,8 41.1 73.5 73.5 55.8 58.8 76.4 61.7 52.9 44.1

Quality high high low high high high high high high high low

Table 5.   Methodological Quality scores for included studies 
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Author Description

Three studies addressing Inpatient Rehabilitation

Freeman, 1997  

Participants N = 70. Inclusion criteria - definite progressive MS Exclusion criteria - patients in relapse or within 1
month of receiving steroids

Interventions Treatment group (N=34) - inpatient individualized, MD rehabilitation programme for an average
of 20 days (SD 3) including two 45-minute PT sessions and one OT session per day and other disci-
plines as required. Control group (N=36) - no rehabilitation intervention.

Outcomes Impairment: EDSS, self-reported relapses; Activity: FIM; Participation: London Handicap Scale
(LHS) Other: drug management

Assessment points Baseline and 6 weeks

Summary of results Compared with the control group, the treatment group showed a statistically significant improve-
ment in the FIM domains (as listed below) and in LHS. However, the magnitude of differences was
small (for FIM, ES +0.21;mean +3.9; 95% CI +1.76, +6.12 and for LHS, ES +0.23; mean +2.76; 95% CI
-0.44, +5.96). The Confidence Intervals were given only for total disability. There was no change in
EDSS in either group (p=0.4202), nor in drug management. Two patients in the treatment group re-
ported a relapse. Statistical test: Wilcoxon rank sum test, unpaired student t test, C2 statistics

Results - outcomes in favour of
intervention group

FIM - motor p<0.001 
FIM - self care p<0.0001 
FIM - transfers p<0.001 
FIM - sphincter control p<0.001 
FIM - locomotion (wheelchair) p=0.0315 
LHS p<0.01

Author's conclusions Inpatient rehabilitation was effective at reducing disability and handicap in persons with progres-
sive MS despite unchanging levels of impairment

Craig, 2003  

Participants N = 41. Inclusion criteria: RR MS, relapse requiring admission as either day case or inpatient, for
treatment of 3 days of IVMP. Exclusion criteria - not specified

Interventions Treatment group (N=20)- received IVMP and MD care as inpatient (3-8 days) or day case. Control
group (N=21) - 0.26 hours (mean) PT and 0.075 hours (mean) OT.

Outcomes Impairment: AMCA; Activity: GDNS, BI; Participation: HAP, SF-36

Assessment points 1 and 3 months after 1st day of IVMP

Summary of results Compared with the control group, the treatment group showed statistically significant differences
in mean change from baseline in GNDS, AMCA, HAPM, HAPA and BI. Effect size for GNDS was -1.12
for treatment group and -0.24 for the control group. The differences in SF36 parameters did not
reach statistical differences. Statistical tests: ANOVA, Mann-Whitney

Results - mean change from
baseline in favour of treatment
group

GNDS P=0.03 
AMCA P=0.03 
HAPM p<0.01 
HAPA p<0.02 
BI p=0.02 

Table 6.   Description of results of included studies 
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SF36 NS

Author's conclusions Inpatient MD care combined with steroids is superior to treatment in a standard neurology or day
ward setting for the disability and handicap measures.

Storr 2006  

Participants N = 106. Inclusion criteria: definite MS; age 18-70 years; Expanded Disability Status Scale (EDSS)
score < 9.0;  ability to co-operate for a 90-min session. Exclusion criteria: age <18 years, no inform
consent, relapse within past 3 months, concurrent disease interfering with assessment, significant
cognitive impairments

Interventions Intervention group (N=41): an individualised inpatient multidisciplinary (MD) rehabilitation pro-
gramme: 45-minutes physiotherapy sessions 4-5 times/week; 30 minutes occupational therapy 3
times/week. self training in the gymnasium 30 minntes-1hour/day.

 Control group (N=65): no treatment.

Outcomes Impairment: MSIS, EDSS, GNDS; Activity: FAMS, 9HPT, TW10; Participation: LASQ; Others: VAS for
patients’ own perception of bodily pain, bladder symptoms, spasticity, fatigue, impaired walking
and transfers

Assessment points Baseline and 2 follow-ups with an interval of 10 weeks (exact period not specified)

Summary of results There were no statistically significant differences between the two groups in any of the outcome
measures.

There was a trend in benefit of intervention for the 9HPT(right hand) and EDSS, while there was a
trend in benefit of the control group for bodily pain. The primary outcome, FAMS, was in favour of

the control arm. Stastical test: Fisher's exact test, Chi2 test

Results - change from baseline
in favour of intervention group

None

Author's conclusions Although the study was underpowered, the negative outcome exposes the difficulties in quanti-
tative analyses of the efficacy of multidisciplinary rehabilitation. The confounding factors include
variation in the indication for treatment, in the placebo effect, and in the reliability and responsive-
ness of the outcome measures used.

One study with two reports addressing Outpatient or Inpatient Rehabilitation

Khan 2008  

Participants N = 101. Inclusion criteria: definite MS; mobile and living in the community (EDSS mobility score
2-8); cognitively intact (Kurtzke Functional Systems range 0–2), age ≥18 years

Interventions Intervention group (N = 49): an comprehensive individualised MD inpatient or outpatient rehabili-
tation programme up to 6 weeks

followed by maintenance programmes (stretching, home exercises). Control group (N=52): usual
care (regular reviews by general practitioners and neurologists in the community)

Outcomes Activity: FIM; Participation: MSIS29, GHQ28

Assessment points Baseline and 12 months

Summary of results Data for 98 patients (treatment N=48, control N=50) showed reduced disability in the treatment
group, with statistically significant differences in post-treatment FIM motor scores for the two
groups (p<0.001) and the FIM motor domains of: transfer (p<0.001), locomotion (p=0.001), self-care

Table 6.   Description of results of included studies  (Continued)

Multidisciplinary rehabilitation for adults with multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

38



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

(p<0.001) and the FIM cognitive subscale (p<0.035). Compared with of controls more participants
in the treated group improved (13% vs. 70.8%) and significantly more patients in the control group
deteriorated over the study period (58.7% vs 16.7%; p<0.001).

There were no differences between the control and treatment group scores on the MSIS29 or
GHQ28 subscales.

 An additional analyses comparing those patients that received treatment (n=61) and those that
did not receive treatment (N=40) showed consistent results, with significant differences between
the groups being detected in favour of treatment group for the FIM motor (p=0.001), the FIM do-
mains of self-care (p=0.001), sphincter (p=0.01), transfers (p=0.003), locomotion (p=0.007), but not
for the MSIS29 or GHQ28 subscales.

Results - change from baseline
in favour of intervention group

FIM motor total -         p<0.001, ES  = 1.13

FIM locomotion -         p=0.001, ES = 0.69

FIM selfcare -              p<0.001, ES = 0.95

FIM transfers -             p<0.001, ES = 1.04

FIM cognition -            p<0.035, ES = 0.44

Author's conclusions An individualised rehabilitation programme reduces disability in persons with MS compared with
no intervention. The impact of rehabilitation on QoL needs further evaluation.

Khan 2010  

Participants N = 74. Inclusion criteria: definite MS, who reported bladder symptoms/issues; mobile and living in
the community (EDSS mobility score 2-8), age ≥18 years

Interventions Intervention group (N=40): individualised inpatient or outpatient MD bladder rehabilitation pro-
gramme comprising: assessment of bladder type, pattern and function (3 day voiding charts, strict
fluid balance, post void residual volume measurement, renal and lower urinary ultrasounds, base-
line urodynamic study, urine culture and microscopy, urinary creatinine clearance);

bladder re-education, behaviour management, pelvic floor exercises, strategies for timed and dou-
ble voiding, intermittent catheterisation techniques, use of prophylactic medication (cranberry
capsules); and strict bowel programme).  Control group (N=34): usual care (regular reviews by gen-
eral practitioners and neurologists). .

Outcomes Impairment and Activity: UDI6, NDS and AUA; Participation: AUA QoL, IIQ7

Assessment points Baseline and 12 months

Summary of results Analysis of per protocol data from 58 patients (treatment N=24, control N=34) showed reduced dis-
ability in the treatment group, with significant differences (p<0.001) and large effect sizes (>0.5) in
post-treatment UDI6, NDS, AUA total, AUA QoL and IIQ7 scores for the two groups. Compared with
the control group, the treatment group showed improvement: 78% versus 27% for UDI6 and 59%
versus 17% improved for IIQ7. More patients in the control group deteriorated over the study peri-
od on the UDI6 (30% vs 0%; p<0.001) and IIQ7 (39 vs 0%; p=0.001).

During the course of the study 10 patients from the control group required and received the treat-
ment.  An additional analyses to compare those patients that received treatment (n=34) and those
that did not receive treatment (N=24) found a significant differences in the change scores between
the treated and not treated groups for the UDI6 (p=0.007), AUA total (p<0.001), AUA QoL (p=0.003),
NDS (p=0.03) and the IIQ7 (p=0.001). 

Results - change from baseline
in favour of intervention group

UDI6 -             p<0.001, ES = 0.51

NDS -              p<0.001, ES = 0.58

Table 6.   Description of results of included studies  (Continued)
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AUA total -      p<0.001, ES = 0.77

AUA QoL -     p<0.001, ES = 0.72

IIQ7 scores -   p<0.001, ES = 0.58

Author's conclusions A multifaceted, individualised bladder rehabilitation programme reduces disability and improves
QoL in person with MS compared with no intervention after 12 months of follow-up. Information on
specific interventions in different bladder types in MS and the impact on QoL need further evalua-
tion.

One study comparing inpatient with outpatient rehabilitation

Francabandera, 1988  

Participants N = 84. Inclusion criteria: definite and severe MS Exclusion criteria: institutionalized and unable to
return home following treatment

Interventions Inpatient group (N=42): individualised care plan, average of 2x 45 minute sessions of PT and 1x OT
session /day .Outpatient group (N=42): PT and OT, bladder management, speech therapy and social
services when applicable.

Outcomes Activity: ISS; Other: Hours of home assistance required (self-care).

Assessment points Baseline and 3 monthly for 2 years (phone assessments)

Summary of results Compared with the control group, the treatment group showed statistically significant improve-
ments in adjusted ISS (analysis of covariance) at three months. No significant differences were de-
tected for need in home assistance (t(71) = -0.70 NS). Statistical test: ANCOVA

Results - change from baseline
in favour of intervention group

Inpatient Outpatient Significance 
Baseline ISS mean 28.2 (SD 9.0), 3 month ISS mean 26.0 (SD 9.4); Baseline ISS mean 24.0 (SD 7.2), 3
month ISS mean 25.5 (SD 8.5) F (1, 70) =4.3 p<0.05

Author's conclusions ISS scores improved in the inpatient rehabilitation group compared with the outpatient group

One study addressing home rehabilitation

Pozzilli, 2002  

Participants N = 201. Inclusion criteria - clinically definite MS. Exclusion criteria - not specified.

Interventions Treatment group (N=133) - individualised clinical care and coordinated home services Control
group (N=68) - routine hospital care at their MS referral centres as required - details not specified.

Outcomes Impairment: EDSS, MMSE, CDQ, STAI, STAXI; Activity: FIM, FSS; Participation: SF36; Other: resource
use and cost

Assessment Points Baseline and at 12 months

Summary of results Compared with the control group, the treatment group showed statistically significant improve-
ments in SF36 domains (as listed below). The cost of home- based care was less (E822 euros/pa-
tient/year) than hospital care, mainly due to decreased hospital admissions. Increased need for
resources (medical care and nursing, social and psychological support) in the home-based group
(p = 0.0002 and 0.0067 respectively). No significant differences between intervention and control
groups were detected for the following outcome measures: EDSS FIM, MMSE, CDQ, FSS, STAI and
STAXI. Statistical test: T-test, Wilcoxon rank sum test, C2 statistics

Table 6.   Description of results of included studies  (Continued)
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Results - change from baseline
in favour of intervention group

SF36 - general health p=0.0001 
SF36 - bodily pain p=0.0001 
SF36 - role emotional p=0.0001 
SF36 - social functioning p=0.001

Author's conclusion MD home-based rehabilitation may provide a cost effective approach to management of persons
with MS and improve their QOL.

Four studies (including two studies with two reports each) addressing outpatient rehabilitation

Patti, 2002  

Participants N = 111. Inclusion criteria -definite MS.Exclusion criteria -exacerbation in the preceding 3 months,
cognitive impairment, history of other systemic or psychiatric conditions precluding participation,
pregnancy, treatment with immunosuppressive and chemotherapy, rehabilitation in the 3 months
before admission.

Interventions Treatment group (N=58) - comprehensive outpatient rehabilitation programme followed by a
home exercise programme for 6 weeks. Control group (N=53)- Home exercise programme for 12
weeks.

Outcomes Impairment: EDSS, BDI; Participation: SF36, FIS, SET

Assessment points Baseline, 6 and 12 weeks

Summary of results Compared with the control group, the treatment group showed statistically significant improve-
ments in SF36 (except role emotional domain), FIS, SET, BDI. The Kazis effect value for SF36 ranged
from 0.29 to 0.70. The ES for differences in FIS, SET and BDI was -0.77, -0.46 and -0.50 respectively.
Statistical test: ANOVA, Mann Whitney U test

Results - outcomes in favour of
intervention group

SF36 - physical functioning p<0.001 
SF36 - role physical p<0.001 
SF36 - bodily pain p<0.001 
SF36 - general health p<0.001 
SF36 - vitality p<0.001 
SF 36 - social functioning p<0.001 
SF36 - mental health p<0.001 
SF36 - role emotional p<0.005 
FIS - p<0.001 
SET - p<0.001 
BDI - p<0.001

Author's conclusions Outpatient rehabilitation is effective in improving quality of life, mood, fatigue and social function.

Patti, 2003  

Participants N = 111. Inclusion criteria -definite MS. Exclusion criteria -exacerbation in the preceding 3 months,
cognitive impairment, history of other systemic or psychiatric conditions precluding participation,
pregnancy, treatment with immunosuppressive and chemotherapy, rehabilitation in the 3 months
before admission.

Interventions Treatment group (N=58)- comprehensive outpatient rehabilitation programme followed by a home
exercise programme for 6 weeks. Control group (N=53)- Home exercise programme for 12 weeks.

Outcomes Impairment: EDSS; Activity: FIM

Assessment points Baseline and 12 weeks

Table 6.   Description of results of included studies  (Continued)
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Summary of results Compared with the control group, the treatment group showed statistically significant improve-
ments in the FIM domains (as listed below). There was a moderate to large effect size of treatment
on locomotion (0.76; 95% CI -0.4 to +6.9, self-care (0.73; 95% CI -0.1 to +6.8) and transfers (0.65;
95% CI -0.1 to +5.9) and a small to moderate effect size on sphincter function (0.40; 95% CI -0.4 to
+3.8). There were no differences between the groups in cognitive function. The EDSS score did not
change over time in either group. Statistical test: ANOVA, Mann-Whitney U test, Fisher's exact test

Results - outcomes in favour of
intervention group

FIM motor scores p<0.001

Author's conclusions A short outpatient rehabilitation programme improves disability in motor and sphincter parame-
ters in MS patients.

  Three studies (including one with two reports) addressing low intensity outpatient rehabilitation

Stuifbergen, 2003  

Participants N = 121. Inclusion criteria - female, definite MS diagnosed for at least 6 months. Exclusion criteria
- pregnancy, concurrent medical conditions for which changes in exercise or diet would be con-
traindicated.

Interventions Treatment group (N=61) - 2-phased MD wellness programme consisting of an educational and skill-
building lifestyle change phase, followed by supportive bimonthly telephone calls for 3 months
post completion of programme. Control group (N=60)- monthly phone call.

Outcomes Activity: ISS; Participation: SF36, SRAHP, HPLP-II, BHPADPS, PRQ85, employment

Assessment points Baseline, 8 weeks, 3 and 8 months

Summary of results Compared with the control group, the treatment group showed statistically significant improve-
ments in SRAHP, HPLP-II and SF36 mental health and bodily pain scales. The treatment group were
more likely to be employed (C2 = 3.91) than the control group at follow up. There were no differ-
ences between the groups in the Barriers Scale or the PRQ85 .Statistical test: T-test, Chi-square, lin-
ear regression analysis

Results - outcomes in favour of
intervention group

SRAHP - p<0.001 
HPLP-II - p<0.01 
SF36 - mental health p<0.001 
SF36 - bodily pain p<0.001 
Employment - p<0.05

Author's conclusions Low intensity therapy and education improves health behaviours and some dimensions of QOL for
women with MS

Guagenti-Tax, 2000  

Participants N = 73 patient-caregiver units. Inclusion criteria: Definite MS requiring assistance with basic life ac-
tivities and who lived with a caregiver. Exclusion criteria - not specified.

Interventions Treatment group (43 units)- Twice-monthly MD day-care programme for 12 months with group-
based therapy. In addition, both the carers and patients in the treatment group attended ten work-
shops on coping with MS. Control group (30 units) - standard care mentioned but not specified.

Outcomes Impairment: EDSS, HVLActivity: ISS; Participation: PDQ, MHI, SIP, Revised UCLA Loneliness-Com-
panionship Scale, QRS, SF36; Other: Satisfaction with care (including timeliness), Cost of health
care and home assistance, length of stay and reason for nursing home placement, qualitative final
programme evaluation.

Table 6.   Description of results of included studies  (Continued)
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Assessment points Baseline, 12 and 24 months

Summary of results Compared with the control group, the treatment group caregivers showed statistically significant
improvements in SF36 (social function and physical role domains). There was a decline in both
groups in EDSS and ISS scores. The intervention group reported an increase in PDQ. The control
group (both patients and caregivers) had significantly greater decline in SF36 (perceived general
health). Statistical test: ANOVA

Results - outcomes in favour of
intervention group (caregiver)

SF 36 - social function p = 0.004 
SF36 - role physical p = 0.002

Author's conclusions Outpatient therapy and carer/patient education improves patient perceived health and anxiety.
Caregivers in the control group deteriorated in terms of socialization and perceived health.

Di Fabio, 1997  

Participants N = 44. Inclusion criteria -definite MS Exclusion criteria - not specified.

Interventions Treatment group (N=19)- 5 hours one day a week in an outpatient setting for 1 year with integrated
physical and occupational therapy and supportive services Control group (N=25) - medical wait-list.

Outcomes Activity: RIC-FAS; Participation: SF36, MSQOL-54

Assessment points Baseline and 12 months

Summary of results Compared with the control group, the treatment group showed small improvements in some SF36
domains (as listed below) Statistical test: Effect size calculation, multiple regression analysis

Results - outcomes in favour of
intervention group

SF36 - Physical Health Partial R2 = 0.30 p<0.05 
SF36 - Energy/fatigue Partial R2 = 0.43 p<0.05 
SF36 - Bodily pain Partial R2 = 0.33 p<0.05 
SF36 - general health Partial R2 = 0.17 p<0.05 
SF36 - social function Partial R2 = 0.21 p<0.05 
MSQOL - social support Partial R2 = 0.26 p<0.05

Author's conclusions Extended outpatient rehabilitation may have a small effect on some quality of life parameters, en-
ergy and fatigue.

Di Fabio, 1998  

Participants N = 46. Inclusion criteria - definite MS Exclusion criteria - not specified.

Interventions Treatment group (N=20) - 5 hours one day a week in a multidisciplinary outpatient setting for 1 year
with integrated PT and OT and supportive services Control group (N=26) - medical (pharmacologic)
management only.

Outcomes Impairment: Fatigue frequency, MS symptom checklist composite score; Activity: selected items
from RIC-FAS

Assessment points Baseline and 12 months

Summary of results Compared with the control group, the treatment group showed statistically significant reduction in
frequency of symptoms (treatment group ES = 0.27 vs control group ES = -0.32) and fatigue (treat-
ment group ES = 0.46 vs control group ES = 0.20). There was no change in RIC-FAS items for both
groups. Statistical test: ANCOVA, Effect size calculation, multiple regression analysis

Table 6.   Description of results of included studies  (Continued)
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Results - outcomes in favour of
intervention group

Frequency of symptoms F12,17 = 2.60 p= 0.035 
Fatigue F1,30 = 9.68 p= 0.004

Author's conclusions Outpatient rehabilitation in MS is effective in reducing fatigue and severity of symptoms.

   

Abbreviations (excluding outcome measures)

ANOVA = Aalysis of Variance ANCOVA = Aalysis of Covariance

CI = confidence interval N = number

ES = effect size OT = occupational therapy

IVMP = intravenous methyl-
prednisolone

PT = physiotherapy

MD = multidisciplinary RR = relapsing remitting

MS = multiple sclerosis SD = standard deviation

Table 6.   Description of results of included studies  (Continued)
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Reference Number Type MS Disease
duration

Mean
EDSS
score

Age mean % female Intervention Dose and Type Outcome

Freeman
1997

70 (34/36) P 9.6/11.4 6.5/6.5 43.2/44.6 66/62 Rehabilitation
vs no rehabil-
itation inter-
vention

Disciplines: medical, nursing,
OT, PT, SP, SW, neuropsycholo-
gy Intensity: 2 45 minute PT ses-
sions and 1 OT session dailyDu-
ration: 20 days

Impairment: EDSS,
self-reported relaps-
es

Activity (Disability) :
FIM

Participation:LHSO-
her: drug manage-
ment

Craig 2003 41 (20/21) RR 7.42/5.69 5.4/5.1 38/42 55/80 Inpatient or
day case MD
care vs con-
trol

Disciplines: OT, PT, SP, nurs-
ingIntensity: 2.62 hours (mean)
PT, 1.49 hours (mean) OT Dura-
tion: 3-8 days

Impairment: AMCA

Activity (Disability):
GDNS, BI

Participation: HAP,
SF-36

Storr 2006 90 (38/52) All type 9.0 for
both
groups

6.5 for
both
groups

53.0/50.1 57.9/69.2 MD rehabili-
tation (IP) vs.
usual care

Disciplines: PT, OT, Psycholo-
gist, SW, nurses, neurologists.

Intensity: 45 minutes 4-5 times/
week

Duration: 3-5 weeks

Impairment: MSIS, 
EDSS, GND

Activity (disability):
9HPT, TW10

Participation: FAMS,
VAS LASQ

Khan 2008 101
(49/52)

All type 10.96/9.73   49.5/51.1 63.3/78.8 MD rehabilita-
tion (IP or OP)
vs. usual care

Disciplines: medical, PT, OT, SP,
SW.

Intensity: 3 hour/daily for 5
days; and half hour sessions
with SP, neuropsychology, SW 3
times/week

Activity: FIM

Participa-
tion:MSIS29; GHQ28

 

Khan 2010 74 (40/34) All type 12.2/10.0   49.9/51.1 62.5/85.3 MD rehabilita-
tion (IP or OP)
vs. usual care

Disciplines: medical, PT, OT, SP,
SW.

Intensity: 3 hour/daily for 5
days; and half hour sessions
with SP, neuropsychology, SW

Impairment and ac-
tivity: UDI6, NDS,
AUA Participation:
AUA QoL, IIQ7

Table 7.   Comparative characteristics of included studies - participant characteristics, 
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6

3 times/week; Plus  individu-
alised bladder management
programme

Franca-
bandera
1988

84 (42/42) ? ? 6.0-9.0 "compara-
ble" (not
specified)

? Inpatient re-
habilitation vs
outpatient re-
habilitation

Disciplines: medical, nursing
(continence care), PT, OT, SW,
SP Intensity (inpatient): 2 45-
minute PT sessions, 1 OT ses-
sion daily Duration: ?

Impairment: not as-
sessedActivity (Dis-
ability): ISSPartici-
pation: Not assesse-
dOther: hours of
home assistance re-
quired(self-care)

Pozzilli
2002

201
(133/68)

RR P 18.4/18.6 6.0/5.8 47/46.7 65/69 MD individu-
alised clinical
care and coor-
dinated home
services vs
routine hospi-
tal care

Disciplines: medical, nursing,
psychologist, PT, SW Intensity: ?
Duration: ?

Impairment: EDSS,
MMSE, CDQ, STAI,
STAXI

Activity (Disability):
FIM, FSS

Participation: SF36

Other: resource use
and cost

Patti 2002 111
(58/53)

P 17.2/17.2 6.2/6.1 45.2/46.1 58.6/56.6 Outpatient
rehabilita-
tion with in-
dividualized
goal-oriented
programme
vs home-ex-
ercise pro-
gramme

Disciplines: PT, OT, SP Intensi-
ty: 6 days a week. PT - 1 hr ses-
sions, 5 days a week. OT - ½ hr
sessions biweekly.Duration: 6
weeks Followed by home exer-
cise programme for 6 weeks

Impairment: EDSS,
BDI

Activity (Disability):
not assessed

Participation: SF36,
FIS, SET

Patti 2003 111
(58/53)

P 17.2/17.2 6.2/6.1 45.2/46.1 58.6/56.6 Outpatient re-
habilitation
with individ-
ualized goal-
oriented pro-
gramme vs
home exercise
programme

Disciplines: PT, OT, SPIntensi-
ty: 6 days a week. PT - 1 hr ses-
sions, 5 days a week. OT - ½ hr
sessions biweekly.Duration: 6
weeks Followed by home exer-
cise programme for 6 weeks

Impairment: EDSS

Activity (Disability):
FIM

Participation: not as-
sessed

Stuifber-
gen 2003

121
(61/60)

MostlyRR 10.76 ? 45.79 (all
partici-
pants)

100 2-phased
wellness
programme

Disciplines: nursing, dietician,
counsellor, fitness instructorIn-
tensity: 90 minute sessions

Impairment: not as-
sessedActivity (Dis-
ability): ISSParticipa-

Table 7.   Comparative characteristics of included studies - participant characteristics,  (Continued)
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4
7

on educa-
tion and
skill-build-
ing lifestyle
changes vs
monthly
phone call

weekly or 3 hour fortnightlyDu-
ration: 8 weeks

tion: SF36, SRAHP,
HPLP-II, BHPADPS,
PRQ-85 (part 2), em-
ployment

Guagen-
ti-Tax 2000

73 paired
units
(i.e.146)86/60

Mostly P Client
group:
8.9/14.2

Client
group:
7.06/7.24

Client
group:
44/49Car-
er
group:44.9/51.8

Client
group:86.7/69Car-
er group:
56.7/51.7

Day-care pro-
gramme vs
routine care

Disciplines: PT, OT, SW, RT, nurs-
ingIntensity: Twice-month-
ly groups, 10 workshops and
monthly home visits.Duration:
12 months

Impairment: EDSS,
HVL

Activity (Disability):
ISS

Participation: PDQ,
MHI, SIP, Revised
UCLA Loneliness
Companionship
Scale, QRS, SF36

Other: Satisfaction
with care, (cost and
timeliness), home as-
sistance, length of
stay, reason for res-
idential care, qual-
itative programme
evaluation.

Di Fabio
1997

44 (19/25) P 17.6/14.2 5-8 (inclu-
sion crite-
ria)

44.5/49.2 83/79 Outpatient re-
habilitation vs
control (wait-
list)

Disciplines: medical, OT, SW, RT,
PT, nursing (wounds/falls), di-
etetics Intensity: 5 hrs for 1 day
weeklyDuration: 1 year

Impairment: Not as-
sessed

Activity (Disability):
RIC-FAS

Participation: SF36,
MSQOL-54

Di Fabio
1998

46 (20/26) P 17/15 5-8 (inclu-
sion crite-
ria)

49/50 75/73 Outpatient re-
habilitation vs
medical man-
agement only

Disciplines: medical, OT, SW,
RT, PT, nurse (wounds/falls), di-
etetics Intensity: 5 hrs for 1 day
weeklyDuration: 1 year

Impairment: fatigue
frequency, MS symp-
tom checklist com-
posite score

Activity (Disability):
RIC-FAS Participa-
tion: Not assessed

Table 7.   Comparative characteristics of included studies - participant characteristics,  (Continued)
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Abbreviations for Table 9 (excluding outcome measures)

Hr = hour PT = phys-
iothera-
pist

               

MD = mul-
tidiscipli-
nary

RR = re-
lapsing re-
mitting

               

MS = mul-
tiple scle-
rosis

RT = recre-
ational
therapist

               

OT = occu-
pational
therapist

SW = so-
cial work

               

P = pro-
gressive

SP =
speech
therapist

               

Table 7.   Comparative characteristics of included studies - participant characteristics,  (Continued)
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Description Reference BGE Impair-
ment

BGE Activity BGE participa-
tion

Other

Inpatients vs control Freeman 1997 EDSS, FIM+ LHS+ Drug Management

    Self-reported      

    Relapses      

  Craig 2003 AMCA + GNDS+ SF36-  

      BI+ HAP+  

  Storr 2010 MSIS-

 

9HPT- FAMS- VAS- (bladder, pain, spas-
ticity, fatigue, mobility,
transfer) 

    EDSS- TW10- LASQ-  

    GND-      

Inpatient/outpatient vs con-
trol

         

  Khan 2008   FIM motor+ MSIS29-  

      FIM cognitive+ GHQ28-  

  Khan 2010 UDI6+ AUA+ AUA QoL+  

    NDS+   IIQ7+  

Inpatient rehabilitation vs.
outpatient rehabilitation

Francaban-
dera 1988

not assessed ISS+ Not assessed Hours of home assis-
tance required (self-care)
-

Home rehabilitation vs control Pozzilli 2002 EDSS- FIM- SF36+ Resource use -

    MMSE- FSS-   Cost +

    CDQ-      

    STAI-      

    STAXI-      

Outpatient rehabilitation vs
control

Patti 2002 EDSS- Not assessed SF36+  

    BDI+   FIS+  

        SET+  

  Patti 2003 EDSS - FIM total+ Not assessed  

Table 8.   Between group e@ects of included studies (BGE) 
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      FIM    

      * motor+    

      *cognitive-    

  Stuifbergen
2003

Not assessed ISS nr SF36+  

        SRAHP+  

        HPLPII+  

        BHPADPS -  

        PRQ85-  

        Employment+  

  Guagenti-Tax
2000

EDSS- ISS- PDQ- Satisfaction with care (in-
cluding timeliness) -

    HVL -   MHI- Cost of health care and
home assistance nr

        SIP nr Qualitative final pro-
gramme evaluation+

        Revised UCLA Length of stay and rea-
son for nursing home
placement nr

        Loneliness Scale-  

        QRS-  

        SF36+  

        Caregiver SF36+  

Abbreviations (excluding out-
come measures)

         

+ = significant between groups
effect in favour of rehabilita-
tion intervention

ES= Effect Size        

- = non-significant between
groups effect

*=results un-
clear

       

nr = no results reported          

Table 8.   Between group e@ects of included studies (BGE)  (Continued)
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A P P E N D I C E S

Appendix 1. Keywords used to search the MS Group Specialisd Register

{ambulatory care} OR {rehabilitation} OR {hospitalization} OR {hospitalisation} OR {physical therapy modalit\*} OR {home care service\*}
OR {hospital-based home care service\*} OR {inpatient\*} OR {outpatient\*} OR {cognitive therap\*} OR {behavior therap\*} OR {behaviour
therap\*} OR {social work} OR {dietetic\*} OR {dietary service\*} OR {neurologic gait disorder\*} OR {counseling} OR {counselling} OR {home
health care} OR {physiotherap\*} OR {physical therap\*} OR {speech} OR {nutrition} OR {diet} OR {food} OR {home} OR {wellness} OR
{occupation\*} OR {health behavior\*} OR {health behaviour\*}

Appendix 2. Search methods used in previous version

Search methods for identification of studies This review drew on the search strategy developed in consultation with search coordinators
for the Cochrane Multiple Sclerosis Group to avoid unnecessary duplication. We used Cochrane handbook search strategy for optimal
sensitivity in identifying randomized clinical trials (Handbook 2000) (11a 15 Appendix B. Handbook 4.1 June 2000).

A systematic search without language restrictions was conducted to identify all relevant published and unpublished randomised
controlled trials, with translation available if required.

Electronic searches Relevant trials were identified from the following sources:

1) Electronic searches of a) Cochrane Multiple Sclerosis Group's Specialised Trials Register, b) Cochrane Central Register of Controlled
Trials "CENTRAL" (Present Issue-2006), c) MEDLINE (1966 -September 2005), d) CINAHL (1982 to September 2005), e) PEDro (from 1990 -
September 2005), f) EMBASE (1988-2005)

The review search strategy for MEDLINE, CINAHL, EMBASE and Cochrane databases are shown in
Appendix 1 (Appendix 1) (Ovid MEDLINE:1966-September 2005) Appendix 2( Appendix 2) (CINAHL:1982-September 2005), Appendix 3
(Appendix 3) (EMBASE: 1988 to September 2005) and Appendix 4 (Appendix 4) (COCHRANE Database (September 2005)

Searching other resources 2) Reference lists from published reviews on multidisciplinary rehabilitation in multiple sclerosis and identified
RCTs and CCTs.

3) Personal communication with first authors of relevant trials or reviews and other multiple sclerosis experts.

4) The Cochrane Rehabilitation and Related Therapies Field trials Register

5) National Health Service National Research Register (NRR) including Medical Research Council Clinical Trials Directory.

6) Handsearch of relevant journals: "Multiple Sclerosis" (January 1998 - October 2005) with the search engine Proquest, "Archives of
Physical Medicine and Rehabilitation (January 1996 - October 2005), "Clinical Rehabilitation" (1998 - October 2005) and "International
Journal of MS Care" (1999 - 2005).

Unpublished trials were identified using strategies 3, 4 and 5.

Authors and well-known experts in this field were contacted if further information about the trials was needed.

Appendix 3. PEDro search strategy

Abstract + Title = (Multiple Sclerosis) AND (rehabilitation) + Method = Clinical Trial

W H A T ' S   N E W

 

Date Event Description

6 April 2011 New search has been performed The review has been updated 2011.

25 February 2011 New search has been performed Search updated
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H I S T O R Y

Protocol first published: Issue 2, 2006
Review first published: Issue 2, 2007

 

Date Event Description

13 May 2008 Amended The text has been amended throughout.

12 May 2008 Feedback has been incorporated We have replied to feedback, and as a result of which have edited
the Background section.

15 April 2008 Amended Converted to new review format.
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