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Some issues to be addressed in
Neurorehabilitation

Ø What are the key aspects of doing evidence-based research
in neurorehabilitation?

• What are the main concerns (of trials) in neurorehabilitation?
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FOCUS of NNR: Translational research

• Randomized Controlled Trials
• Systematic reviews and Meta-analyses
• Prognostic (cohort) studies
• Point of Views
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Identified RCTs in the domain of Motor Rehabilitation
with respect to MS, PD and Stroke (June 2011)

Stroke

MS &
Parkinson
Disease
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Randomized Controlled Trials

• CONSORT (CONsolidated Standards Of Reporting
Trials) statement is an evidence-based, minimum set of
recommendations for reporting RCTs.

• It offers a standard way (checklist of 22 items) for authors
to prepare reports of trial findings, facilitating their
complete and transparent reporting, and aiding their
critical appraisal and interpretation.

http://www.consort-statement.org/
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CONSORT STATEMENT 2010
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Systematic reviews and meta-analyses

• The aim of the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement is to
help authors report a wide array of systematic reviews to
assess the benefits and harms of a health care
intervention.

• PRISMA focuses on ways in which authors can ensure
the transparent and complete reporting of systematic
reviews and meta-analyses by a checklist of 27 items.

http://www.prisma-statement.org/statement.htm
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http://www.prisma-statement.org/

Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
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STROBE Statement

• STROBE is an international collaborative initiative of
epidemiologists, methodologists, statisticians,
researchers and journal editors involved in the conduct
and dissemination of observational studies, with the
common aim of STrengthening the Reporting of
OBservational studies in Epidemiology.

http://www.strobe-statement.org/

http://www.go2pdf.com
http://www.strobe-statement.org/


27-item checklist according to the STROBE
statement:

Study participation
D1, Source population and recruitment
D2, Inclusion and exclusion criteria
D3, Important baseline key
characteristics of study sample
D4, Prospective design
D5, Inception cohort
D6, Information about treatment

Study attrition
A1, Number of loss to follow-up
A2, Reasons for loss to follow-up
A3, Methods dealing with missing data
A4, Comparison completers and non-
completers

Predictor measurement
P1, Definition of predictors
P2, Measurement of predictors reliable
and valid
P3, Coding scheme and cut-off points
P4, Data presentation

Outcome measurement
O1, Outcome(s) defined
O2, Measurement of outcome(s)
reliable and valid
O3, Coding scheme and cut-off points
described
O4, Appropriate end-points of
observation
O5, Data presentation

Statistical analysis
S1, Strategy for model building
described
S2, Sufficient sample size
S3, Presentation univariable analysis
S4, Presentation multivariable analysis

S5, Continuous predictors

Clinical performance/validity
C1, Clinical performance
C2, Internal validation
C3, External validation

1, Positive; 0, Negative; ?, Partial/unknown

Veerbeek JM et al, Early prediction of ADLs outcome after stroke: A systematic review. Stroke.
2011 May;42(5):1482-8.
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Quality assessment of 48 studies predicting outcome of
ADL after stroke (following the STROBE guidelines)
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Data presentation predictors
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Reliable and valid outcome measure
Appropriate end-points of observation
Data presentation outcome
Strategy for model building
Presentation multivariable analysis
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*
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Information about (para)medical treatment
Predictor: Coding scheme and cut-offs
Outcome: Coding scheme and cut-offs
Univariable crude estimates
Internal validation
External validation

*
* *

*
*

*

Veerbeek JM et al, Stroke. 2011 May;42(5):1482-8.
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Internal validity

n=48

Statistical validity

external validity

n=6 (≥75% max score)

Veerbeek JM et al, Stroke. 2011 May;42(5):1482-8.
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COSMIN standards

COSMIN stands for COnsensus?Qbased Standards for the selection of health Measurement INstruments.
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• What are the key aspects of doing evidence-based research
in neurorehabilitation?

Ø What are the main concerns (of trials) in neurorehabilitation?

Some issues to be addressed in
Neurorehabilitation

http://www.go2pdf.com


§MRC scale
§Motricity Index
§Brunnstrom Stages
§Fugl-Meyer Assessment
Score
§Notthingham Sensory
Assessment
§(modified) Ashworth scale
§Chedoke McMaster Motor
Assessment Stroke Scale
§Tardieu Scale
§Rivermead Motor
Assessment
§Scandinavian Stroke Scale
§NIHSS
§Cincinnati Stroke Scale
§Trunk Impairment Scale
§Hemispheric Stroke Scale

•Functional Reach
•Berg-Balance Scale
•Timed-Balance Test
•Timed-Get-up & Go
•10-meter gait speed
•1, 5, 6, 12 min walking tests
•Trunk Control Test
•Nine Hole Peg Test
•Action Research Arm test
•Frenchay Arm Test
•Box and Block test
•Jebsen handfunction test
•ABIL-hand
•Functional Ambulation
Categories (FAC)
•Rivermead Mobility Index (RMI)
•Barthel Index (BI); mBI
•FIM
•modified Rankin Scale
•SIS (vs. 2.0 & 3.0)

•FSS, MFI,
•CIS-20r
•HADS
•SIP-136, SIP-68,
SIP-30
•SF-36
•EuroQoL-5D
•SIS (vs. 2.0 & 3.0)
•SA-SIP-30
•SSQL
•Rankin Scale
•Frenchay Activities
Index
•Nottingham
Extended ADL
(NEADL)
•Notthingham Health
Profile

Stroke

Pathology Body Function
& Structure ParticipationActivity

Impairment Activity Limitation
Participation

restriction

Health conditionProblem 1:
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Number of RCTs in the domain of
motor rehabilitation post stroke

Search (June 2011)
• Pubmed 13407 P

• Embase + 4281 P

• CINAHL + 419 P

• Cochrane +1676 P

• Sportdisc + 194 P

19.977 hits

307 additional RCT’s / comparisons at June 2011

Total =460 RCT’s reflecting ~ 59 different interventions

153 RCT’s / comparisons 1st Dutch stroke guideline ‘2004’

2nd revision of the evidence-based guidelines of the KNGF. Veerbeek et al (expected December 2013)

Problem 2:
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Number of RCTs in the field of
motor rehabilitation post stroke

460 RCTs

2nd revision of the evidence-based guidelines. Veerbeek et al (expected December 2013)
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•Phase I: Screening for safety

•Phase II: Establishing the testing protocol (small (mono) centre trials)

Phase III: Final testing for evidence (large (pragmatic) multicentre trials)

•Phase IV: Post-approval studies (e.g., implementation & cost-effectiveness

studies)

‘RCTs in domain of rehabilitation after stroke’

‘Basic
science’

‘Proof of
concept’

‘Clinical
Practice’

‘Clinical Trials
& Monitoring

change’
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‘Effects of BWSTT rehabilitation
after stroke: The LEAPS trial’.
Duncan et al, N Engl J Med. 2011
May 6;364(21):2026-36.

Recently published Phase III & IV trials in stroke (2010-2012)

N=408

http://www.go2pdf.com


<0.4 m/s

0.4 to < 0.8 m/s

Duncan PW, et al, N Engl J Med. 2011 May 26;364(21):2026-36.

Effects of Body-Weight-Supported Treadmill Training post
stroke (N=408).
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‘Effects of BWSTT rehabilitation
after stroke: The LEAPS trial’.
Duncan et al, N Engl J Med. 2011
May 6;364(21):2026-36.

‘Robot-assisted therapy for long
term upper limb impairments after
stroke’, Lo et al, N Engl J Med.2010
May13;362(19): 1772-83.

Recently published Phase III & IV trials in stroke (2010-2012)

N=408

N=127

http://www.go2pdf.com


Changes in Primary and Secondary Outcomes during the 36-Week Study
Period, as Compared with Baseline

Lo et al. N Engl J Med 2010 May 13; 362 (19): 1772-83
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‘Effects of BWSTT rehabilitation
after stroke: The LEAPS trial’.
Duncan et al, N Engl J Med. 2011
May 6;364(21):2026-36.

‘Effects of Cicuit Class Training
after stroke: The FIT-Stroke trial’.
Van de Port et al, BMJ. 2012 May
10;344:e2672.

‘Robot-assisted therapy for long
term upper limb impairments after
stroke’, Lo et al, N Engl J Med.2010
May13;362(19): 1772-83.

Recently published Phase III & IV trials in stroke (2010-2012)

N=408

N=127

N=250
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N=250

Usual PT
N=124

N=117

N=117

CCT
N=126

N=125

N=125

7 drop-outs:
•2 died from cancer
•2 recurrent strokes
•2 withdraw by migration
•1 missed assessment

No further drop-outs No further drop-outs

1 drop-out:
•1 withdraw by migration

29 falls with 3 GP visits
without SAE’s

26 falls with 1 GP visit
without SAE’s.

N=972

12 weeks

24 weeks

~96 days

http://www.go2pdf.com


SIS mobility domain (0-100) (N=250)
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•Overall group*time effect: ?
=-0.140 (0.138); p=NS

•Overall time effect: ?Š= 1.656 (0.227); p<0.001

•Intervention phase: ?�=-0.049 (0.682); p=NS

•Follow up phase: ?(=-0.640 (0.595); p=NS
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‘Effects of BWSTT rehabilitation
after stroke: The LEAPS trial’.
Duncan et al, N Engl J Med. 2011
May 6;364(21):2026-36.

‘Effects of Cicuit Class Training
after stroke: The FIT-Stroke trial’.
Van de Port et al, BMJ. 2012 May
10;344:e2672.

‘Robot-assisted therapy for long
term upper limb impairments after
stroke’, Lo et al, N Engl J Med.2010
May13;362(19): 1772-83.

Recently published Phase III & IV trials in stroke (2010-2012)

N=408

N=127

N=250
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Number of RCTs in the field of
motor rehabilitation post stroke

460 RCTs

2nd revision of the evidence-based guidelines. Veerbeek et al (expected December 2013)
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What are the reasons for the higher proportion positive
phase II trials compared to recently phase III and IV

trials in neurorehabilitation?

Ø More methodological bias in phase II trials when
compared to III and IV?

Ø Better selection of patients in phase II trials when
compared to III and IV trials?

http://www.go2pdf.com


PEDro-Scale (n=460 trials)

1. Adequate randomization procedure?
2. Concealed allocation?
3. Comparability of patients groups?
4. Blinding patients?
5. Blinding therapists?
6. Blinding observers?
7. >85% of the sample measured by one key outcome?
8. Intention-to-treat analyses of at least one key

outcome?
9. Between-group statistical comparisons are

reported for at least one key outcome
10. The study provides both point measures and

measures of variability for at least one key outcome

http://www.pedro.fhs.usyd.edu.au/ Foley CN, Phys. Ther. 2006; 86:817-824

http://www.pedro.fhs.usyd.edu.au/
http://www.go2pdf.com


PEDro scores:

• PEDro score <2004 (N=153):
– Mean (SD): 5.05 (1.46)
– Median (IQR): 5 (4-6)

• PEDro score 2004-2011 (N=307 trials):
– Mean (SD): 5.83 (1.50)
– Median (IQR): 6 (5-7)

http://www.go2pdf.com


What are the reasons for the higher proportion positive
phase II trials compared to recently phase III and IV

trials in neurorehabilitation?

Ø More methodological bias in phase II trials when
compared to III and IV?

Ø ???

Ø Reflection of publication bias?

Ø Better selection of patients in phase II trials when
compared to III and IV trials?

http://www.go2pdf.com
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My students are dismayed when I say to
them:

“Half of what you are taught as medical
students will in 10 years have been shown to

be wrong.”

Dr. Sydney Burwell, Dean Harvard Medical School In: Evidence
based medicine, Sackett et al, 2000: 31

And the trouble is none of your teachers
knows which half.”

http://www.go2pdf.com
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Stroke [N]Euro-rehab GUIDEline`
(Expected ~December 2013)

Janne Veerbeek, MSc | E j.veerbeek@vumc.nl
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Ø To much emphasis on: 1) within-group analysis
2) p-values

Most common flaws in submitted trials for NNR

Ø No selection of a primary measurement of outcome

Ø No correction for multiple testing (ie, Bonferroni correction)

Ø Unclearness about the concealment of allocation of
randomized subjects.

Ø Absence of intention-to-treat analyses

Ø No definition of a clinically meaningful difference
between both treatment arms

http://www.go2pdf.com


Most common flaws in submitted trials for NNR

Ø No blinding procedures (of observers) including report of
the succes of applied blinding procedures afterwards.

Ø Unclearness about point measures and estimates of
variability of applied outcomes

Ø Some small trials suffer from inbalances at baseline with
respect to most important indicators (in particular for
trials of the upper paretic limb)

Ø Most rehabilitation trials are underpowered
with respect to the heterogeneity of (stroke)
population of interest.

http://www.go2pdf.com
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Who should I select for my trial? (N=10)
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Who should I select for my trial? (N=102)
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P= 1/(1+(exp[-(B0 + B1X1 + B2X2 + BnXn)]))

Kwakkel et al, Stroke 2003; 34: 2181-2186

0=<10 ; 1=?ý10
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No pre-selection with respect to wrist and finger extension
(N=102)
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Kwakkel et al, Neurorehabil Neural Repair. 2008;22(2):111-21
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Sample calculation for a two arm RCT of the upper paretic limb
with ARAT as primary outcome measure (1):

Power calculation (unrestricted
sample at 10 weeks post stroke):

•(Z1- ?j): 80% power ?¶0.84
•(Z1- ?ê): 5% ?61.96
•?¶2= 32 points (non-stratified)
•?6=MCID on ARAT=6 points ~10%

Z 1-?�)2 x ?ó2
Nper arm =

2 x (Z 1-?�+

2
(?u(exp) - ?u(con) )

N ?Ê447

Kwakkel et al, Neurorehabil Neural Repair. 2008;22(2):111-21
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Pre-selection on the basis of wrist and finger extension (N=102)
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Sample calculation for a two arm RCT of the upper paretic limb
with ARAT as primary outcome measure (2):

Power calculation (restricted sample
at 10 weeks post stroke):

•(Z1- ?j): 80% power ?¶0.84
•(Z1- ?ê): 5% ?61.96
•?¶2= 12 points (stratified to >9 points)
•?6=MCID (=SDD) on ARAT ?66 points

Z 1-?�)2 x ?ó2
Nper arm =

2 x (Z 1-?�+

2
(?u(exp) - ?u(con) )

N ?Ê63

Kwakkel et al, Neurorehabil Neural Repair. 2008;22(2):111-21
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Z 1-?Z)2 x ?Æ2 x (r + 1) x {1 + (T-1) x ?Æ}
Neff =

(Z 1-?Z+

2(?¿(exp) - ?¿(con) ) x r x T

N= Number of patients involved per arm
reducing efficacy of control treatment
(Z 1-?³+ Z 1-?³)2= values for correct rejecting H0 or accepting H1 hypothesis
?L2 = estimated (population) variance of measurement of outcome
r= ratio between included number of both groups
T= number of follow-up measurements
?™= within-subject correlation coefficient

How to increase statistical power of trials?

http://www.go2pdf.com


‘Using (rhythmic) cues’

Nieuwboer J et al Neurol Neurosurg Psychiatry. 2007 Feb;78(2):134-40.
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On / Off phenomena in patients with PD
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Nieuwboer et al Neurol Neurosurg Psychiatry. 2007 Feb;78(2):134-40.

http://www.go2pdf.com


Ø However, there is improvement in methodological quality
by increasing awareness of possible shortcomings in
trials.

Some take home messages (1)

Ø Need for landmark (phase III) and cost-benefit (phase IV)
trials of sufficient methodology and statstical power in
neurorehabilitation.

Ø Evidence of neurorehabilitation is
dominated by underpowered trials. A
number of these trials suffer from
methodological flaws and evidence is
probably influenced by publication bias.

Ø Need for free access of treatment protocols of applied
experimental interventions allowing to replicate their
findings.

http://www.go2pdf.com


Ø Need for free access to a web-based ‘up-to-date’
rehabilitation guidelines in which new evidence is
continuously added.

Ø Need for worldwide consensus on used outcomes (i.e.,
core sets) in neurorehabilitation trials.

Ø Need for further translational research in
neurorehabilitation to improve our existing biological
concepts about motor learning and cognition in
neurological diseases.

Some take home messages (2)

Ø Need for information about the content and
intensity of treatment in the control arm (i.e.,
usual care group) of the trial.

http://www.go2pdf.com


www.neurorehab.nl

Thank you for your attention!

http://www.neurorehab.nl
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Key problems in most phase II trials
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Experi-
mental
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Baseline
comparability from
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prognostic
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Control
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Blinded
(follow-up)
assessment

Blinded
(follow-up)
assessment

time

Comparability at
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Sufficient
treatment
Contrast ?

Effect ?
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comparability from
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http://www.trialregister.nl/trialreg/index.asp
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Effects of intensive task-oriented upper and lower limb
training (N=101)
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MIME

MIT-MANUSArm Guide InMotion Shoulder Arm

Bi-Manu Track ARMin-Robot
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Effects of shoulder-elbow robotics for the upper paretic limb

L= Low intensity

H = High intensity
(equally dosed)

2 points gain (~4%) on
FM-arm score (0-66p)

Dose-matched trials

Neurorehabil Neural Repair. 2008;22(2):111-21
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• In Phase 1 trials, researchers test an experimental treatment in a
small group of people (20–80) for the first time to evaluate its safety,
determine a safe dosage range, and identify side effects.

• In Phase 2 trials, the experimental treatment is given to a larger
group of people (100–300) to see if it is effective and to further
evaluate its safety.

• In Phase 3 trials, the treatment is given to large groups of people
(1,000–3,000) to confirm its effectiveness, monitor side effects,
compare it to commonly used treatments, and collect information that
will allow it to be used safely.

• In Phase 4 trials, postmarketing studies delineate additional
information, including the treatment's risks, benefits, and optimal use.

Phases in Neurorehabilitation Trials

http://www.go2pdf.com


Ø Many phase II trials suffer from methodological flaws,
however improvement in methodological quality is found

What are the main concerns of trials conducted in
stroke rehabilitation?

Ø Lack of treatment contrast between experimental and
control group.

Ø Over 95% of all trials are small underpowered (ie, phase
II trials)

Ø Lack of RCTs started in the (sub)acute phase post
stroke (ie, 3 out of 460 trials did start within days post
stroke)

Ø Lack of dose-response trials in which the same type of
therapy is applied

http://www.go2pdf.com


Evidence Based Practice and the Real World

• Applying ‘hard’ evidence to practice setting
• Other elements entering clinical decisions:

Patient-
Clinician
FactorsEvidence

Constraints

Ethics

Guidelines

Clinical Decisions

Knowledge

Point:
Evidence is

only one
element in a
complex set

of
relationships

Davidoff, 1999, Mt
Sinai J Med

http://www.go2pdf.com


Ø Need for dose-response trials in which the same type of
therapie is applied.

Ø Intensity and task-specificity are the
main drivers of motor rehabilitation,
however dose-response trials are
lacking in the literature.

Some take home messages

Ø Benefits of most rehabilitation interventions are conditional
and require knowledge about functional prognosis. (Who
should I select?)

Ø Need for free access to a web-based up-to-date
rehabilitation guidelines

Ø Need for landmark (phase III) and cost-benefit (phase IV)
trials with sufficient methodology and statstical power

Ø Need for world wide consensus on used outcomes and
algorithms for applying rehabilitation interventions.

http://www.go2pdf.com


Ø Need for dose-response trials in which the same type of
therapie is applied.

Ø Intensity and task-specificity are the
main drivers of motor rehabilitation,
however dose-response trials are
lacking in the literature.

Some take home messages

Ø Benefits of most rehabilitation interventions are conditional
and require knowledge about functional prognosis. (Who
should I select?)

Ø Need for free access to a web-based up-to-date
rehabilitation guidelines

Ø Need for landmark (phase III) and cost-benefit (phase IV)
trials with sufficient methodology and statstical power

Ø Need for world wide consensus on used outcomes and
algorithms for applying rehabilitation interventions.

http://www.go2pdf.com


Other problems in rehabilitation trials

Ø There is often unclearness about the exact treatment
protocol that is applied in the RCTs

Ø Unclearness about the treatment applied in the control
group (eg, ‘usual care’, ‘conventional treatment’)

Ø Unclearness about the number of phase II trials that are
negative and not accepted for publication scientific peer
reviewed journals.

Ø The liteature suffers from ’novelty effects’ (ie, ‘innovative
interventions with positive effects are more likely to be
published’

Ø No worldwide consensus on using a core set of outcomes
allowing comparison between trials in meta-analyses.

http://www.go2pdf.com


Evidence-based medicine (EBM) is the integration of
the best research evidence with our clinical expertise
and our patient’s unique values and circumstances.

Strauss S, et al., Evidence-based medicine. Churchill Livingstone, 2005: page 1
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Identify patient’s
problem

Formulate a clinically
relevant question

Make a valid
(functional) prognosis

Select the most
appropriate therapy

Evaluate outcome with
valid measurements
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PRISMA statement

CONSORT statement

STROBE statement
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CONSORT statement

(Guidelines)

(GRADE)
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PRISMA statement

CONSORT statement
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Identify patient’s
problem

Formulate a clinically
relevant question

Make a valid
(functional) prognosis

Select the most
appropriate therapy

Evaluate outcome with
valid measurements

stroke guidelines

?
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PEDro item 3 (allocation)

PEDro 2004-2011
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PEDro item 7 (blinding)

PEDro 2004-2011
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PEDro item 9 (intention-to-treat)

PEDro 2004-2011

http://www.go2pdf.com


http://www.prisma-statement.org/statement.htm
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PEDro scores overall (n=460)
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PEDro scores:

• PEDro score <2004 (N=153):
– Mean (SD): 5.05 (1.46)
– Median (IQR): 5 (4-6)

• PEDro score 2004-2011 (N=307 trials):
– Mean (SD): 5.83 (1.50)
– Median (IQR): 6 (5-7)

http://www.go2pdf.com


In the GRADE approach, randomized controlled trials
(RCTs) start as high-quality evidence and observational
studies as low-quality evidence supporting estimates

of intervention effects.

Grading of Recommendations Assessment, Development,
and Evaluation

http://www.go2pdf.com


Systematic reviews and meta-analyses

• The aim of the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement is to
help authors report a wide array of systematic reviews to
assess the benefits and harms of a health care
intervention.

• PRISMA focuses on ways in which authors can ensure
the transparent and complete reporting of systematic
reviews and meta-analyses by a checklist of 27 items.

http://www.prisma-statement.org/statement.htm
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5 meter walking speed (N=250)

•Overall group*time effect: ?T= 0.026 (0.012); p=0.015

•Overall time effect: ?Ô= 0.090 (0.009); p<0.001

•Intervention phase alone: ?=̈0.091 (0.023); p<0.001 + 9 cm/s

•Follow-up phase alone: ?=̈0.035 (0.017); p<0.05

http://www.go2pdf.com


6 Minute Walking Test (N=250)

•Overall group*time effect: ?s= 6.118 (3.951); p=NS

•Overall time effect: ?ó= 32.127 (2.861); p<0.001

•Intervention: ?æ=20.002 (7.442); p=0.004 + 20m

•Follow-up ?æ= -8.274 (4.450); p=NS
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Design FIT-STROKE trial

Discharged
from Rehab
centre

USUAL PT

CCT

12 weeks follow-up<1 week after discharge
12 week training-

phase, 24 sessions

R

0 6 12 18 24
Allassessments

Restricted

Allassessments

Allassessments

Restricted
3 independent

observers

N= 250
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