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Abstract

Background: After discharge from hospital following a stroke, prescriptions of community-based rehabilitation are
often downgraded to “maintenance” rehabilitation or discontinued. This classic therapeutic behavior stems from
persistent confusion between lesion-induced plasticity, which lasts for the first 6 months essentially, and behavior-
induced plasticity, of indefinite duration, through which intense rehabilitation might remain effective. This prospective,
randomized, multicenter, single-blind study in subjects with chronic stroke-induced hemiparesis evaluates changes in
active function with a Guided Self-rehabilitation Contract vs conventional therapy alone, pursued for a year.

Methods: One hundred and twenty four adult subjects with chronic hemiparesis (> 1 year since first stroke) will be
included in six tertiary rehabilitation centers. For each patient, two treatments will be compared over a 1-year period,
preceded and followed by an observational 6-month phase of conventional rehabilitation. In the experimental group,
the therapist will implement the diary-based and antagonist-targeting Guided Self-rehabilitation Contract method
using two monthly home visits. The method involves: i) prescribing a daily antagonist-targeting self-rehabilitation
program, ii) teaching the techniques involved in the program, iii) motivating and guiding the patient over time, by
requesting a diary of the work achieved to be brought back by the patient at each visit. In the control group,
participants will benefit from conventional therapy only, as per their physician’s prescription.
The two co-primary outcome measures are the maximal ambulation speed barefoot over 10m for the lower limb, and
the Modified Frenchay Scale for the upper limb. Secondary outcome measures include total cost of care from the
medical insurance point of view, physiological cost index in the 2-min walking test, quality of life (SF 36) and measures
of the psychological impact of the two treatment modalities. Participants will be evaluated every 6months (D1/M6/
M12/M18/M24) by a blinded investigator, the experimental period being between M6 and M18. Each patient will be
allowed to receive any medications deemed necessary to their attending physician, including botulinum toxin injections.

Discussion: This study will increase the level of knowledge on the effects of Guided Self-rehabilitation Contracts in
patients with chronic stroke-induced hemiparesis.

Trial registration: ClinicalTrials.gov: NCT02202954, July 29, 2014.
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Background
The most common motor deficit following stroke is
spastic hemiparesis [1]. More than 90% of patients with
hemiparesis recover some lower limb function after a
stroke, but rarely with a level of ease or speed that
would allow for independent and comfortable ambula-
tion in everyday life, outdoors in particular [1–3]. In the
upper limb, the proportion of patients that recover daily
use of the arm is estimated between 10 and 30% [4–8].
Consequently, around half of stroke survivors do not re-
sume professional activities, and two thirds remain
chronically disabled [9].
In parallel, most patients in chronic stages have their

rehabilitation discontinued or converted into “mainten-
ance” therapy, as professionals often estimate that they
might no longer progress [7, 10–15]. Others benefit
from reinduction periods, prescribed according to sub-
jective or ill-defined criteria. It has not been demon-
strated that this conventional rehabilitation system now
fits current knowledge on behavior-induced brain
plasticity and on the potential for motor recovery in
chronic spastic paresis [16–18]. Indeed, a significant
body of evidence demonstrates that high intensity of
rehabilitation (the opposite of “maintenance therapy”)
correlates with motor function improvement in chronic
stages [16, 19, 20]. One way to achieve sufficient
amounts of physical treatment might be to adequately
guide and motivate the patient into practicing self-
rehabilitation [18, 20]. It has been confirmed that pro-
grams of exercises given by the therapist to be
performed at home are appreciated by patients not only
for the structure they give to everyday life, but also as
they represent in themselves a source of motivation
and hope, particularly when these programs are associ-
ated with ongoing professional support [21, 22].
We hypothesize that there is confusion between the

lesion-induced plasticity of the central nervous system –
essentially during the first 6 months post-lesion – and the
behavior-induced plasticity, which lasts indefinitely
[16, 17, 23–27]. The latter justifies initiatives to
organize chronic and intense physical rehabilitation
work [17, 18, 23–28]. Even though previous, short-term
open studies evaluating self-rehabilitation programs in
spastic hemiparesis suggested the possibility of functional
improvement, to our knowledge there are no large-scale
prospective randomized controlled protocols that test the
effectiveness of long term self-rehabilitation programs in
spastic hemiparesis as against conventional rehabilitation
systems, especially in chronic stages [29–36].
Technically, which home rehabilitation exercises might

be recommended? From a neurophysiological point of
view, muscle overactivity chronologically emerges as the
third fundamental feature of motor impairment that be-
gins in the subacute phase in hemiparesis, following
paresis and soft tissue contracture that appear in the
acute phase [37–39]. One recognizable form of muscle
overactivity is spasticity (hyper-reflectivity to phasic
stretch), which is potentiated by muscle shortening
[37, 38]. Hypersensitivity to stretch in an antagonist
muscle also impedes voluntary motoneurone recruit-
ment for the agonist muscle, a phenomenon called
“stretch-sensitive paresis” [40]. As none of the three
fundamental mechanisms of motor impairment (par-
esis, muscle shortening, and muscle overactivity) is
distributed symmetrically between agonists and antag-
onists, there are force imbalances around joints, hin-
dering active movements and deforming body postures
[41]. Each of these three mechanisms of impairment,
particularly the two most important, which are muscle
shortening and muscle overactivity, can be specifically
targeted with local treatment, muscle by muscle, aim-
ing to rebalance forces, joint by joint [28]. For the less
overactive muscles around each joint, an intensive
motor training will aim to break the vicious cycle
Paresis-Disuse-Paresis [37]. For their shortened and
more overactive antagonists most importantly, a daily
program of self-stretch postures at high load combined
with a program of maximal amplitude rapid alternating
movements, potentially associated with botulinum
toxin injections, will aim to increase muscle extensibil-
ity and reduce cocontraction, breaking the vicious
cycle: Muscle shortening-Overactivity-Muscle shorten-
ing [28, 42, 43] (www.i-gsc.com). Significant prelimin-
ary results obtained using prescription and teaching of
self-rehabilitation programs within a Guided Self-
rehabilitation Contract (GSC) led us to hypothesize
that this method practiced over the long term might
enhance active motor function in chronic hemiparesis
beyond 1 year following stroke [18, 44–48].
From a social point of view, stroke is the leading cause

of acquired disability in Western countries. For the
Steering Committee on Stroke Prevention and Manage-
ment in France, the yearly cost of stroke is €5.9 billions,
the cost of care in medical and social facilities is €2.4 bil-
lions and the cost of daily allowances and disability pen-
sions is €125.8 millions [49]. Additionally, several studies
have shown that indirect costs were proportional to dir-
ect costs [50]. Stroke thus accounts for a large share of
health expenditures. In that regard as well, devising a
feasible and effective guided self-rehabilitation program
might offer financial advantages for our health systems.

Objectives
The primary objective of this study is to evaluate
changes in lower limb and upper limb motor function
after 1 year of Guided Self-rehabilitation Contract com-
pared to conventional therapy alone, at a chronic stage
following stroke.

http://www.i-gsc.com
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The secondary objectives include the evaluation of: i)
quality of life at the end of 1 year with each of the two
treatment modalities; ii) direct socioeconomic costs of
the two physical treatments from the point of view of
the health coverage system; iii) persistence of lower limb
and upper limb motor function changes 6 months after
the end of the one-year experimental study period; iv)
amount of self-rehabilitation in the experimental group
over 12 months; v) current, real-life amounts of conven-
tional rehabilitation provided for chronic hemiparesis in
the French health system. vi) psychological and occupa-
tional therapy endpoints with the two treatments, for a
sub-group of 44 patients.

Methods
Ethical approval and trial registration
The Neurorestore study is carried out in compliance with
the Helsinki Declaration. Local ethics committees (CPP
Ile-de-France VI, Groupe Hospitalier Pitié Salpêtrière)
approved the study protocol (first version, 2010), patient
information letter, and informed consent form. Written
Fig. 1 Study protocol
consent to participate in the protocol was always signed
directly by the patient. The Neurorestore study is regis-
tered in the ClinicalTrials.gov database (NCT02202954,
July 29, 2014).

Research design
Neurorestore is a prospective, controlled, randomized,
multicenter, single-blind study on 124 participants with
chronic spastic hemiparesis (> 1 year post stroke) in six
French tertiary rehabilitation centers. For all partici-
pants, the study will begin with an initial 6-month follow
up phase with conventional therapy, to assess its socio-
economic costs and the stabilization of the clinical status
of stroke patients at a chronic stage in the current re-
habilitation system (Fig. 1). The second phase will be the
randomized and comparative phase, assessing Guided
Self-Rehabilitation Contract (GSC) versus conventional
therapy (CONV) alone, over 1 year. It is important to
note that in the GSC group, participants will be free of
continuing whichever additional treatment they wish, in-
cluding conventional therapy as prescribed by their

http://clinicaltrials.gov
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physicians. At the end of this comparative period, each
participant will be followed for a second, final 6 month
follow-up phase with conventional therapy, exactly as in
the initial phase. This final phase will explore the persist-
ence of possible differences between the two groups.
The total duration of study participation for each subject
is 2 years. Data will be analyzed based on intention-to-
treat and per-protocol analyses.

Intervention
Conventional therapy
In the Conventional Physical Therapy group (CONV),
physiotherapy sessions are freely prescribed by the pa-
tient’s attending physician, neurologist or rehabilitation
physician, according to medical opinion and patient re-
quests. These community-based therapy sessions are
universally and indefinitely covered by the public health
insurance in France. Physiotherapists providing rehabili-
tation sessions in this group will be freely selected by the
patient and/or recommended by the physician, as in rou-
tine practice.

The Guided Self-rehabilitation Contract
In the GSC group, patients will be free of following any
conventional therapy sessions as in the CONV group. In
addition, in each of the six centers, a physiotherapist
funded by the study will provide 1.5-h home sessions
once every 15 days to:

– Explain the principles of the Guided Self-
Rehabilitation Contract to the patient. The GSC is a
diary-based and antagonist-targeting rehabilitation
system centered on a moral contract in which each
party, patient and therapist, commits to each other
on the following actions. The therapist commits to:

- Prescribe and teach a daily program of self-stretch
postures and training exercises appropriate for the
patient, and correct the techniques and re-adjust the
prescribed program according to patient progress.
The therapist will provide a manual or access to a
web-based application to the patient, which contains
the prescribed stretching and exercise program, with
illustrations of the self-stretch postures and training
exercises [28], (www.i-gsc.com). In addition, coming
to each participant’s home at each visit, the therapist
will be able to adapt the various techniques included
in the program to the environment of the patient.
The stretching program involves static postures of
self-stretch at high load (while remaining below the
pain threshold) for specific antagonists selected by
the therapist. The patient should keep a strong and
constant tension on the stretched muscle for a cu-
mulative period of ≥10 min a day per targeted
muscle. The training program consists of series of
unassisted rapid alternating efforts or movements of
maximum amplitude against each targeted antagon-
ist in a short time (e.g. 15 to 30 s per series, depend-
ing on fatigability) so as to gradually reduce
antagonist co-contraction over time [40, 42, 43].

– Request a diary from the patient at each visit, in
which the daily time of actual practice of self-stretch
postures and the number of efforts or movements
carried out at each series of rapid alternating move-
ments in the interval between two visits of the ther-
apist should be noted daily (Fig. 2). The therapist
explains to the patient that this self-monitoring
through the diary actually belongs to the therapy, in
other words that the same physical exercises without
maintaining the diary are likely to not have the same
effects [51–60].
Indeed, written feedback from the patient to the
therapist provides substantial benefits such as an
increased accuracy of the information returned to
the therapist and therefore an easier and more
precise coaching task on the therapist’s part, an
improved compliance to the self-rehabilitation pro-
gram and thus enhanced efficacy of this program
[51–56]. Finally and most importantly, the diary
provides the patient with a positive reinforcement,
with potentially even antidepressant effects [57–59].
Regardless of self-monitoring, quantitative feedback
on performance provided to the patient has been
shown to improve rehabilitation effectiveness during
the subacute phase of stroke [60].

– Verify patient compliance to the prescribed active
training exercises and self-stretch postures by ensur-
ing that the self-rehabilitation diary is well kept. The
therapist will count the number of filled out days of
the diary and divide it by the number of elapsed days
since the last visit. This filling rate is communicated
every 15 days to a referring coordinator (one for
each study center).

Outcome measures
To evaluate motor function beyond 1 year after stroke,
the two co-primary outcome measures are as follows:

– For the lower limb: capacity of ambulation, assessed
by the maximal ambulation speed barefoot without
technical aids over 10 m, starting and ending in a
seated position (re-assessed by a blinded investigator
based on video recordings) [61]. This parameter is
correlated with most of the kinematic parameters of
gait in hemiparesis and characterized by high intra-
and inter-rater reliability [61–64]. Finally, ambula-
tion tests over 10 m (AT10) have strong ecological
validity, with respect to the use of walking in natural
environments [65–67].

http://www.i-gsc.com
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– For the upper limb: the Modified Frenchay Scale
(MFS) [68, 69]. This scale is a modification of the
Frenchay Arm Test, that consisted in a binary pass-
fail rating of seven unimanual activities of daily life
[4]. The MFS consists of video-recording ten activ-
ities of daily life (4 uni-manual activities using the
paretic hand and 6 bimanual activities, in which the
paretic hand assists the other hand) and rating
them on a ten-point visual analog scale based on
the video-review. The maximal score for each task
is 10 and the total score is the mean of the ten
scores. The rating of each task of the Modified
Frenchay Scale demonstrated excellent intra- and
inter-reliability and MFS has also been validated
against a well-known subjective scale of perceived
function (Disability Assessment Scale, DAS) [70,
71]. The study will use a central, a single blind in-
vestigator for MFS rating of all visits for all study
participants.

The secondary outcome measures are:

1. Ambulation speed, step length and cadence during
the ambulation test over 10 m (AT10) barefoot at
comfortable speed without technical aid, and step
length and cadence during AT10 at maximal
speed [61];

2. Ambulation speed, step length, cadence and
physiological cost index over a 2-min ambulation
test at maximal speed without technical aid [72];
3. Subjective self-assessment of perceived function
(DAS) indicating the degree of functional incapacity
evaluated by the patient for hygiene and dressing
activities, pain and cosmesis [70, 73];

4. Global test of functional dependency (Barthel
Index) [74];

5. Quality of life (SF 36) [75, 76];
6. Anxiety and depression test (Geriatric Depression

Scale, GDS) [77];
7. Evaluation by questionnaires, completed by the

patient (and/or a third person), on the weekly
frequency and duration of the conventional
rehabilitation sessions and the amount of
professional help received at home during the study
period, to estimate the direct costs from the point
of view of the health coverage system;

8. Estimation of the total cost of healthcare, including
medical, socio-medical, allowance cost, combining
the points of view of the medical insurance and of
the State, to encompass all paying institutions;

9. Evaluation of the amount of self-rehabilitation in
the GSC group, through the filling ratio of diaries
over 12 months [28], (www.i-gsc.com);

10. Evaluation of functioning and home adaptation by
an occupational therapist and by questionnaires, in
a sub-group of 44 participants in two of the six
study centers;

11. Evaluation of the psychological adjustment of the
patient, by a study psychologist in the same sub-
group of 44 participants in two of the six study

http://www.i-gsc.com
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centers, to assess the required psychological re-
sources and the need for psychological support.
Each of these participants will be contacted for a
first visit and offered to consult with the psych-
ologist for the two-year study period. The fre-
quency of encounters will be adjusted to the
need of each patient.

Setting and recruitment
This multicenter trial involves six French centers (the
medical centers in Saint-Etienne, Reims, Bordeaux, Tou-
louse, and Henri Mondor and Lariboisière university
hospitals in Paris). Each of these centers admits > 100
cases/year of patients with moderate to severe stroke-
induced hemiparesis for specialized rehabilitation and
will recruit 20 to 24 patients. A 3-year time-frame is
planned for the study, each center starting the study
once the total expected number of participants to be en-
rolled are lined up. The objective is thus to run the
protocol simultaneously for all participants of each cen-
ter, to make optimal use of the study therapist’s time
(GSC group).

Procedures
In practice, each center uses two investigators in
addition to the physical therapist for the GSC group.
One is a clinical assessor (physician or physiotherapist)
who remains blinded to the participant group; the other
is the coordinator whose role is to organize the five
semi-annual evaluations at D1, M6, M12, M18, M24.
The coordinator will be unblinded and will be in con-
tact with the participant’s physicians and with the
physiotherapist involved in the GSC for the study cen-
ter (for those participants in the GSC group). The
coordinating investigator, after receiving the result of
the randomization at the M6 visit, will:

– inform the participant and the physiotherapist who
will apply the GSC method, for those participants
randomized in the GSC group,

– notify the participant to continue with the usual
therapy without further details, for those
participants randomized in the CONV group.

Pre-inclusions will take place during a regular clinic
visit. Participants meeting the selection criteria will be
invited to participate in the protocol. A written descrip-
tive documentation will be provided to them and poten-
tial study subjects will have at least 2 weeks to decide
about participation. The informed consent will be signed
and collected on the Day 1 visit of the study.
Phase 1 will then be a 6-month prospective follow-up

period - with visits at D1 and M6 (Month 6) - to evalu-
ate any changes under conventional community-based
therapy. The same blinded investigator will evaluate par-
ticipants at all follow-up visits, D1, M6, M12, M18, M24
(Table 1). At each visit, specific attention will be paid to
any signs suggesting recurrent strokes with, if necessary,
additional prescription of brain imaging. Should there be
a diagnosis of recurrent stroke since study enrolment
(calling for neuroradiologist opinion if needed), study
participation will be discontinued and an Adverse Events
form and Study Termination form will be filled out.
Throughout the study, participants will be permitted

to freely use any “antispastic” medication such as sys-
temic synaptic depressor drugs (baclofen, benzodiaze-
pines, dantrolene sodium, tizanidine) or botulinum
toxin injections as well as any technical aid deemed ne-
cessary to their attending physician or physiotherapist.
However, it is recommended to taper systemic antispas-
tic agents as much as possible (or taper them off ) dur-
ing the first 6-month follow-up phase because of their
well-documented antiplasticity and anti-recovery effects
[78–81]. If participants are still under systemic depres-
sors at the onset of the randomized study phase, doses
should then be kept constant as much as possible.
After the first 6 months of follow-up, participants will

be randomized into two groups: “conventional therapy”
(CONV) and “Guided Self-rehabilitation Contract” (GSC)
(see Randomization).
In order to minimize any nocebo effect in the conven-

tional treatment group, the referent coordinator will not
disclose the details of the Guided Self-rehabilitation
Contract to the physicians and physiotherapists who
treat participants in the CONV group, nor to the CONV
participants themselves.
Randomization procedure
The randomization list will be computer-generated by a
statistician from the Clinical Research Unit of Paris-Est
Créteil University, independent from the study. The
randomization number for each participant will be re-
quested by the evaluating investigator (blinded) at the
end of Visit 2 (M6) and then transmitted electronically
to the referring coordinator (unblinded) of the center.
Each participant will be randomized into one of the two
treatment groups: the CONV group (Conventional Ther-
apy) and the GSC group (Guided Self-rehabilitation
Contract). Randomization will be stratified by center.
Study population
To participate in this study, subjects must have the de-
cision making capacity to give informed written con-
sent based on the investigator’s judgment, and meet all
of the inclusion criteria and none of the exclusion
criteria listed below.



Table 1 Template of recommended content for the schedule of enrolment, interventions, and assessments

D1 M6 M12 M18 M24

Verification of inclusion and non-inclusion criteria x

Signature of written consent x

Full neurologic assessment x

Randomization x

Inventory of concomitant, local and systemic medical treatment s x x x x x

Inventory of technical aids x x x x x

Inventory of patient suppor t (caregivers, equipment) x x x x x

Comfortable and maximal ambulation speed over 10 m s x x x x x

Endurance 2-min walking test – Physiological Cost Index x x x x x

Modified Frenchay Scale x x x x x

Disability Assessment Scale (DAS) x x x x x

Barthel Index x x x x x

Quality of Life scale (SF36) x x x x x

Geriatric Depression Scale x x x x x

Questionnaires to patient/caregiver on frequen cy of therapy sessions x x x x x

Occupational therapy assessment (in subgroup of 44 patients) x x

Clinical psychologist assessment (in subgroup of 44 patients) x x x
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Inclusion criteria

1. Hemiparesis due to stroke, for over a year before
enrolment;

2. Age > 18 years;
3. Ability to ambulate over 10 m independently,

barefoot and without technical aid;
4. Maximal 10-m ambulation speed between 0.1 and

1.3 m/sec;
5. Modified Frenchay Scale score > 2/10 and < 8/10;
6. Written consent to participate in the protocol,

signed by the patient

Exclusion criteria

1. Recurrent stroke;
2. Significant orthopedic disorder in lower limb;
3. Cognitive, phasic or behavioral dysfunction

affecting patient participation;
4. Non affiliation to medical insurance system.

Statistical methods
Sample size
With respect to the Modified Frenchay Scale, based on
an average score of 4.4 ± 1.9 in a similar population,
[82] the alternative hypothesis (H1) is an improvement
of 30% in the GSC group versus a 10% improvement in
the CONV group. To demonstrate this hypothesis with
a bilateral 80% power and an alpha score of 5%, n = 62
subjects per group are required for a total of 124
participants.
With respect to the maximal ambulation speed over
10 m, with an assumed baseline ambulation speed of
0.63 ± 0.43 m/sec and with the hypothesis of a 50% im-
provement in the GSC group versus a 10% improvement
in the CONV group, at least n = 47 participants per
group are required using a bilateral power of 80% with
an alpha of 5% [47]. A total of 124 patients will thus be
included in the protocol. This number should also allow
sufficient power to evaluate secondary criteria, including
a description of the monthly frequencies of the rehabili-
tation sessions, of the required aids and allowances and
therefore an estimation of the cost from the point of
view of the health insurance and the State.

Statistical analysis
This study will require several statistical analyzes. The
main analysis will focus on the randomized phase of the
study (from M6 to M18).

Descriptive analysis of the first phase
For Phase 1 (Day 1 to M6), descriptive analysis will
explore:

– participant characteristics: age, sex, etiology of
stroke, presence of significant sensory deficit,
apraxia, neglect at Day 1 and M6.

– changes in function over the first 6 months of
follow-up: ambulation speed, upper limb function
(MFS) and secondary criteria.

– the current conventional therapy treatment:
frequency of sessions with the community-based
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physiotherapist, number of visits and costs. The
sum of the monthly frequency during the first 6
months of rehabilitation and the monthly cost of
these sessions will be estimated for all 124 partici-
pants together. Comparisons will then be made be-
tween different levels of severity at onset and
different age groups.

Analysis of the randomized study
The analysis of the randomized study will be carried out
based on intent to treat and per protocol.
The primary and secondary criteria and their changes

from M6 to M18 will be compared between the two
groups using mixed models. The changes will also be
compared at M24, i.e. 6 months following the end of the
study treatment. These same analyzes will be carried out
by subgroups, comparing the availability of a psycho-
logical follow-up or not, ie in the participants recruited
by the Mondor-Lariboisière centers versus those of the
other centers.
A multivariable analysis will be carried out by consid-

ering the characteristics of the patients (age, sex), the
center, the initial severity parameters of the disease (sen-
sory disturbances) or time since stroke, as well as the
availability or not of a psychologist.

Pre−/post-analysis
With patients being their own control, the changes in
various functional parameters during the first 6 months
of follow-up with conventional therapy (from Day 1 to
M6) will be compared with the changes in these same
parameters:

– during the randomized study between M6 and M12
– during the randomized study between M12 and

M18
– and during follow-up between M18 and M24.

The mean changes and the rate of progression over
periods of 6 months will be compared. These same com-
parisons will be realized in subgroups according to the
randomization group, but also depending on any specific
psychotherapeutic management (for 44 participants, in
the two centers involved).

Statistical tests and software used
For comparisons between selected subgroups on the
basis of clinical starting variables or demographic data,
statistical analyzes will use:

– for continuous variables: comparison of means by
Student test (t-test) or t-test for paired data, and in
case of absence of normality, using nonparametric
tests: Wilcoxon test for comparison of 2
measurements (Wilcoxon test for independent series
or Wilcoxon test for matched series according to
the analysis, or Kruskall-Wallis test for the compari-
sons of more than 2 measurements).

– for qualitative variables: X2 of Pearson or that of
Mantel-Haenszel; X2 of Mac Nemar for matched
series, according to the analyzes carried out.

The analyzes will be carried out by the Clinical Re-
search Unit of Hôpital Henri Mondor, using the R
2.13.0 software.

Safety
The Ethics Committee will notify the sponsor
(DRCD-APHP) before research is started. Furthermore,
to comply with the French regulations, the declaration
of digital files of personal data to be collected for the
study will be completed before the actual study onset.
Therefore, implementation of data collection and pro-
cessing will be subject to prior approval of the Advisory
Committee on Research Information in the Field of
Health (‘CCTIRS’) and the National Commission for In-
formation Technology and Freedom (‘CNIL’). Finally,
“Assistance Publique des Hôpitaux de Paris” (APHP),
sponsor of this research, has contracted an insurance for
the duration of the research, in compliance with the law
on biomedical research, guaranteeing its own civil liabil-
ity as well as that of any intervening physician or staff
involved in carrying out the research.

Discussion
A number of technical and psychological differences
may be anticipated between the two treatments. Tech-
nically, in the rehabilitation techniques used in current
practice, emphasis is usually not on the practice of rapid
alternating movements, particularly of maximal ampli-
tude, while the effectiveness of this method and its
physiological mechanisms (restoration of reciprocal in-
hibition allowing for the gradual reduction of cocontrac-
tion) have been established [42–44]. Furthermore, in
recent literature, pessimistic conclusions have been com-
mon regarding the effectiveness of stretch, while no long
term (> 6months) controlled study on stretch is yet
available in the literature in spastic paresis [18, 83]. In
any case, conventional therapy usually does not involve
the daily duration of passive muscle stretching recom-
mended in the Guided Self-rehabilitation Contract
method (at least a cumulative 10 min of submaximal
stretch postures per muscle per day), and as a conse-
quence, this amount of stretch might not be sufficient to
allow muscle plasticity [18, 84]. On a psychological note,
patient responsibilisation is the essence of the Guided
Self-rehabilitation Contract system. The patient has an
active responsibility to accomplish the prescribed daily
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work and to notify it in the diary, in stark contrast with
the common passive expectation of “recovery” with
community-based therapy sessions in current practice
[28, 85, 86].
Overall, this study will largely increase the level of

knowledge on the effects of Guided Self-rehabilitation
Contracts and on the rehabilitation access for patients
with chronic stroke-induced hemiparesis patients.
Should Guided Self-rehabilitation Contracts prove more
beneficial than the conventional community-based re-
habilitation system, the duration and frequency of the
rehabilitation sessions provided by the therapist could be
adjusted at a chronic stage, decreasing the direct cost of
cares of our insurance system [49, 50, 86, 87].

Abbreviations
APHP: Assistance Publique des Hôpitaux de Paris; AT10: Ambulation Test
over Ten meters; CCTIRS: Comité Consultatif sur le Traitement de
l’Information en Matière de Recherche dans le Domaine de la Santé;
CNIL: Commission Nationale de l’Informatique et des Libertés;
CPT: Conventional Physical Therapy; DAS: Disability Assessment Scale;
DRCD: Département de la Recherche Clinique et du Développement;
GSC: Guided Self-rehabilitation Contract; MFS: Modified Frenchay Scale

Acknowledgements
We acknowledge all patients and therapists who support this study in each
of the six involved centers.
Neurorestore Study Group:
- Pr. Jean-Michel Gracies, Hôpital Henri Mondor, Créteil, France.
- Pr. Alain Yelnik, Hôpital Fernand Widal, Paris, France.
- Pr. Patrick Dehail, Centre Hospitalier Universitaire de Bordeaux, France.
- Pr. Philippe Marque, Centre Hospitalier Universitaire de Rangueil, Toulouse,
France.
- Pr. François Boyer, Centre Hospitalier Universitaire de Reims, France.
- Pr. Pascal Giraux, Centre Hospitalier Universitaire de Saint-Etienne, France.
- Dr. Leila Tlili, Hôpital Fernand Widal, Paris, France.
- Dr. Marylène Jousse, Hôpital Fernand Widal, Paris, France.
- Pr. Xavier De Boissezon, Centre Hospitalier Universitaire de Rangueil,
Toulouse, France.
- Dr. Gaël Belassian, Centre Hospitalier Universitaire de Reims, France.
- Dr. Paul Gassie, Centre Hospitalier Universitaire de Bordeaux, France.
- Ms. Alice Aguirre (PT), Centre Hospitalier Universitaire de Bordeaux, France.
- Mr. Diego Agueros (PT), Centre Hospitalier Universitaire de Reims, France.
- Ms. Diane Rimaud (PT), Centre Hospitalier Universitaire de Saint-Etienne,
France.
- Mr. Mohamed Tarri (PT), Centre Hospitalier Universitaire de Rangueil,
Toulouse, France.
E-mail addresses of all the authors: alain.yelnik@aphp.fr; patrick.dehail@chu-
bordeaux.fr; marque.ph@chu-toulouse.fr; fboyer@chu-reims.fr;
pascal.giraux@chu-st-etienne.fr; leila.tlili@aphp.fr; marylene.jousse@aphp.fr;
deboissezon.xavier@chu-toulouse.fr; gbelassian@chu-reims.fr;
paul.gassie@chu-bordeaux.fr; alice.aguirre@chu-bordeaux.fr; dagueros@chu-
reims.fr; diana.rimaud@chu-st-etienne.fr; mohamed.tarri@inserm.fr

Funding
The study received funding from the Government of France, i.e. The Ministry
of Health and Sports, through a Hospital Programme of Clinical Research
(PHRC) grant, after peer-review process. This grant covered the staff fees, ie
fees for evaluating investigators, referent coordinators, therapists who imple-
mented the GSC method in each center, as well as research assistants and
statistician. The funder had no influence on the study design, neither on
writing the report nor on the decision to submit the report for publication.

Availability of data and materials
The Neurorestore study data management and data sharing plan will ensure
that de-identified research project data is shared in a manner that is consist-
ent with applicable privacy, confidentiality, and other legal requirements.
Public access to the final analyzable data set will follow the policies and rec-
ommendations for data access and data sharing issued by the Assistance
Publique des Hôpitaux de Paris (AP-HP). Enquiries concerning the current sta-
tus of a publicly available de-identified minimal dataset should be made to
the corresponding author.

Authors’ contributions
JMG planned the study, wrote the grant application and the protocol for the
Ethics Committee for this project. JMG is the principal investigator of this
study. MP and JMG drafted the manuscript. EH, NB, MB, MG, EA and MP
contributed to developing the protocol, drafting the manuscript and
checked the final draft of the manuscript. CML, VM, CH, MG, MP, CGC, AY,
PD, PM, FB, PG, LT, MJ, XDB, GB, PG, AA, DA, DR, MT participated in data
collection and in the preparation of the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
This study is conducted in accordance with the ‘Helsinki Declaration’ and has
received ethical approval from “CPP Ile-de-France VI, Groupe Hospitalier Pitié
Salpêtrière” (Study Number: P100114 – ID RCB: 2012-A00348–35). Each pa-
tient or their legal guardian provided a signed, informed consent to partici-
pate to the study. This consent was signed by the patient if possible, or by a
third person in the presence of the full conscientious patient. These criteria
were approved by the ethics committee.

Consent for publication
Not applicable. This manuscript does not contain an individual person’s data.

Competing interests
JM Gracies served as a consultant for and received research grant support
from Allergan, Ipsen, and Merz. The other authors declare that they have no
competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1EA 7377 BIOTN, Laboratoire Analyse et Restauration du Mouvement,
Université Paris Est Créteil (UPEC), F-94010 Créteil, France. 2AP-HP, Service de
Rééducation Neurolocomotrice, Unité de Neurorééducation, Hôpitaux
Universitaires Henri Mondor, F-94010 Créteil, France. 3AP-HP, Service de
Santé Publique, Hôpitaux Universitaires Henri Mondor, F-94010 Créteil,
France. 4DHU A-TVB, IRMB- EA 7376 CEpiA (Clinical Epidemiology And
Ageing Unit), Université Paris Est-Créteil, F-94010 Créteil, France.

Received: 16 October 2018 Accepted: 14 February 2019

References
1. Baer G, Smith M. The recovery of walking ability and subclassification of

stroke. Physiother Res Int. 2001;6(3):135–44.
2. Viosca E, Lafuente R, Martínez JL, Almagro PL, Gracia A, González C. Walking

recovery after an acute stroke: assessment with a new functional classification
and the Barthel index. Arch Phys Med Rehabil. 2005;86(6):1239–44.

3. Smith MC, Byblow WD, Barber PA, Stinear CM. Proportional recovery from
lower limb motor impairment after stroke. Stroke. 2017;48(5):1400–3.

4. Wade DT, Langton-Hewer R, Wood VA, Skilbeck CE, Ismail HM. The
hemiplegic arm after stroke: measurement and recovery. J Neurol
Neurosurg Psychiatry. 1983;46:521–4.

5. Parker VM, Wade DT, Langton-Hewer R. Loss of arm function after stroke:
measurement, frequency and recovery. Internat Rehab Med. 1986;8:69–73.

6. Lang CE, Wagner JM, Bastian AJ, et al. Deficits in grasp versus reach during
acute hemiparesis. Exp Brain Res. 2005;166:126–36.

7. Kwakkel G, Wagenaar RC, Twisk JW, Lankhorst GJ, Koetsier JC. Intensity of
leg and arm training after primary middle-cerebral-artery stroke: a
randomised trial. Lancet. 1999;354(9174):191–6.

8. Van Delden AL, Peper CL, Harlaar J, Daffertshofer A, Zijp NI, Nienhuys K,
Koppe P, Kwakkel G, Beek PJ. Comparing unilateral and bilateral upper limb
training: the ULTRA-stroke program design. BMC Neurol. 2009;9:57.

mailto:alain.yelnik@aphp.fr
mailto:patrick.dehail@chu-bordeaux.fr
mailto:patrick.dehail@chu-bordeaux.fr
mailto:marque.ph@chu-toulouse.fr
mailto:fboyer@chu-reims.fr
mailto:pascal.giraux@chu-st-etienne.fr
mailto:leila.tlili@aphp.fr
mailto:marylene.jousse@aphp.fr
mailto:deboissezon.xavier@chu-toulouse.fr
mailto:gbelassian@chu-reims.fr
mailto:paul.gassie@chu-bordeaux.fr
mailto:alice.aguirre@chu-bordeaux.fr
mailto:dagueros@chu-reims.fr
mailto:dagueros@chu-reims.fr
mailto:diana.rimaud@chu-st-etienne.fr
mailto:mohamed.tarri@inserm.fr


Gracies et al. BMC Neurology           (2019) 19:39 Page 10 of 11
9. Tanaka H, Toyonaga T, Hashimoto H. Functional and occupational
characteristics predictive of a return to work within 18 months after stroke
in Japan: implications for rehabilitation. Int Arch Occup Environ Health.
2014;87(4):445–53.

10. Brocklehurst JC, Andrews K, Richards B, Laycock PJ. How much physical
therapy for patients with stroke? Br Med J. 1978;1(6123):1307–10.

11. Jørgensen HS, Nakayama H, Raaschou HO, Olsen TS. Acute stroke care and
rehabilitation: an analysis of the direct cost and its clinical and social
determinants. The Copenhagen Stroke Study Stroke. 1997;28(6):1138–41.

12. Green J, Forster A, Bogle S, Young J. Physiotherapy for patients with
mobility problems more than 1 year after stroke: a randomised controlled
trial. Lancet. 2002;359(9302):182–3.

13. Green J, Young J, Forster A, Collen F, Wade D. Combined analysis of two
randomized trials of community physiotherapy for patients more than one
year post stroke. Clin Rehabil. 2004;18(3):249–52.

14. Leonard CT, Miller KE, Griffiths HI, McClatchie BJ, Wherry AB. A sequential
study assessing functional outcomes of first-time stroke survivors 1 to 5
years after rehabilitation. J Stroke Cerebrovasc Dis. 1998;7(2):145–53.

15. Langhammer B, Lindmark B, Stanghelle JK. Physiotherapy and physical
functioning post-stroke: exercise habits and functioning 4 years later? Long-
term follow-up after a 1-year long-term intervention period: a randomized
controlled trial. Brain Inj. 2014;28(11):1396–405.

16. Meimoun M, Bayle N, Baude M, Gracies JM. Intensity in the
neurorehabilitation of spastic paresis. Rev Neurol. 2015;171(2):130–40.

17. Wilkins KB, Owen M, Ingo C, Carmona C, Dewald JPA, Yao J. Neural plasticity
in moderate to severe chronic stroke following a device-assisted task-
specific arm/hand intervention. Front Neurol. 2017;8:284.4.

18. Pradines M, Baude M, Marciniak C, Francisco G, Gracies JM, Hutin E, Bayle N.
Effect on Passive Range of Motion and Functional Correlates After a Long-
Term Lower Limb Self-Stretch Program in Patients With Chronic Spastic
Paresis. PM R. 2018 Mar 2.

19. Pollock A, Baer G, Campbell P, Choo PL, Forster A, Morris J, Pomeroy VM,
Langhorne P. Physical rehabilitation approaches for the recovery of function
and mobility following stroke. Cochrane Database Syst Rev. 2014;4:
CD001920.

20. Veerbeek JM, van Wegen E, van Peppen R, van der Wees PJ, Hendriks E,
Rietberg M, Kwakkel G. What is the evidence for physical therapy
poststroke? A systematic review and meta-analysis. PLoS One. 2014;9(2):
e87987.

21. Pound P, Bury M, Gompertz P, Ebrahim S. Views of survivors of stroke on
benefits of physiotherapy. Qual Health Care. 1994;3(2):69–74.

22. Poltawski L, Boddy K, Forster A, Goodwin VA, Pavey AC, Dean S. Motivators
for uptake and maintenance of exercise: perceptions of long-term stroke
survivors and implications for design of exercise programmes. Disabil
Rehabil. 2015;37(9):795–801.

23. Liu Y, Rouiller EM. Mechanisms of recovery of dexterity following unilateral
lesion of the sensorimotor cortex in adult monkeys. Exp Br Res. 1999;128:
149–59.

24. Saunders DH, Sanderson M, Hayes S, Kilrane M, Greig CA, Brazzelli M, Mead
GE. Physical fitness training for stroke patients. Cochrane Database Syst Rev.
2016;24(3):CD003316.

25. Langhammer B, Lindmark B, Stanghelle JK. Stroke patients and long-term
training: is it worthwhile? A randomized comparison of two different
training strategies after rehabilitation. Clin Rehabil. 2007;21(6):495–510.

26. French B, Thomas LH, Coupe J, McMahon NE, Connell L, Harrison J, Sutton
CJ, Tishkovskaya S, Watkins CL. Repetitive task training for improving
functional ability after stroke. Cochrane Database Syst Rev. 2016;11:
CD006073.

27. Moore JL, Roth EJ, Killian C, Hornby TG. Locomotor training improves daily
stepping activity and gait efficiency in individuals poststroke who have
reached a "plateau" in recovery. Stroke. 2010;41(1):129–35.

28. Gracies JM. Guided Self-rehabilitation Contract in spastic paresis. Springer
International Publishing, Switzerland, 2016; ISBN 978–3–319-29107-9; ISBN
978–3–319-29108-6 (eBook); DOI https://doi.org/10.1007/978-3-319-29108-6;
118p.

29. Baskett JJ, Broad JB, Reekie G, Hocking C, Green G. Shared responsibility for
ongoing rehabilitation: a new approach to home-based therapy after stroke.
Clin Rehabil. 1999;13(1):23–33.

30. Kendall E, Catalano T, Kuipers P, Posner N, Buys N, Charker J. Recovery
following stroke: the role of self-management education. J Soc Sci Med.
2007;64(3):735–46.
31. Chaiyawat P, Kulkantrakorn K. Randomized controlled trial of home
rehabilitation for patients with ischemic stroke: impact upon disability and
elderly depression. Psychogeriatrics. 2012;12(3):193–9.

32. Park HY, Yoo EY, Park SH, Park JH, Kang DH, Chung BI, Jung MY. Effects of
forced use combined with scheduled home exercise program on upper
extremity functioning in individuals with hemiparesis. NeuroRehabilitation.
2012;31(2):185–95.

33. Rinne P, Mace M, Nakornchai T, Zimmerman K, Fayer S, Sharma P, Liardon
JL, Burdet E, Bentley P. Democratizing neurorehabilitation: how accessible
are low-cost Mobile-gaming Technologies for Self-Rehabilitation of arm
disability in stroke? PLoS One. 2016;11(10):e0163413.

34. Niama Natta D, Alagnide E, Kpadonou GT, Stoquart GG, Detrembleur C,
Lejeune TM. Feasibility of a self-rehabilitation program for the upper
limb for stroke patients in Benin. Ann Phys Rehabil Med. 2015;58(6):
322–5.

35. Calugi S, Taricco M, Rucci P, Fugazzaro S, Stuart M, Dallolio L, Pillastrini P,
Fantini MP. EFG/2009 investigators. Effectiveness of adaptive physical
activity combined with therapeutic patient education in stroke survivors at
twelve months: a non-randomized parallel group study. Eur J Phys Rehabil
Med. 2016;52(1):72–80.

36. Marsden DL, Dunn A, Callister R, McElduff P, Levi CR, Spratt NJ. A home-
and community-based physical activity program can improve the
cardiorespiratory fitness and walking capacity of stroke survivors. J Stroke
Cerebrovasc Dis. 2016;25(10):2386–98.

37. Gracies JM. Pathophysiology of spastic paresis. Part I. Paresis and soft tissue
contracture. Muscle Nerve. 2005a;31(5):535–51.

38. Gracies JM. Pathophysiology of spastic paresis. Part II. The emergence of
muscle Overactivity. Muscle Nerve. 2005b;31(5):552–71.

39. de Gooijer-van de Groep KL, de Vlugt E, van der Krogt HJ, Helgadóttir Á,
Arendzen JH, Meskers CG, de Groot JH. Estimation of tissue stiffness, reflex
activity, optimal muscle length and slack length in stroke patients using an
electromyography driven antagonistic wrist model. Clin Biomech (Bristol,
Avon). 2016;35:93–101.

40. Vinti M, Bayle N, Hutin E, Burke D, Gracies JM. Stretch-sensitive paresis and
effort perception in hemiparesis. J Neural Transm. 2015;122(8):1089–97.

41. Gracies JM. Coefficients of impairment in deforming spastic paresis. Ann
Phys Rehabil Med. 2015;58(3):173–8.

42. Hu X, Tong KY, Song R, et al. Variation of muscle coactivation patterns in
chronic stroke during robot-assisted elbow training. Arch Phys Med Rehabil.
2007;88:1022–9.

43. Floeter MK, Danielian LE, Kim YK. Effects of motor skill learning on reciprocal
inhibition. Restor Neurol Neurosci. 2013;31(1):53–62.

44. Vecchio M, Gracies JM, Panza F, Fortunato F, Vitaliti G, Malaguarnera G,
Cinone N, Beatrice R, Ranieri M, Santamato A. Change in coefficient of
fatigability following rapid, repetitive movement training in post-stroke
spastic paresis: a prospective open-label observational study. J Stroke
Cerebrovasc Dis. 2017;S1052-3057(17):30278–1.

45. Gracies JM. Auto-prise en charge du membre supérieur chez
l’hémiplégique: expérience pilote d’un programme intensif d’étirements
et de mouvements alternatifs rapides à domicile au long cours. Ann Med
Phys. 2003;46(7):429.

46. Khalil N, Hutin E, Santiago T, Joudoux S, Gracies JM. Guided self-
rehabilitation contracts and gait speed in chronic hemiparesis. A
prospective study. Ann Phys Rehab Med. 2013;56(S1):e45–6.

47. Alkandari S. Evaluation of walking speed (10 m walking test) in patients
with chronic hemiparesis after at least 3 consecutive botulinum neurotoxin
injections while patients follow a guided self-rehabilitation contract. Ann
Phys Rehab Med. 2011;54(S1):e243.

48. Gault-Colas C, Behnegar A, Hennegrave C, Lamour E, Joudoux S, Santiago T,
Gracies JM. Group workshops as part of guided self-rehabilitation contracts
in spastic paresis: our 2009–2012 experience. Ann Phys Rehabil Med. 2012;
55:e301–2.

49. Spieler JF, De Pouvourville G, Amarenco P. Cost of a recurrent vs. cost of
first-ever stroke over an 18-month period. Eur J Neurol. 2003;10(6):621–4.

50. Spieler JF, Amarenco P. [Socio-economic aspects of stroke management]
Rev Neurol (Paris). 2004;160(11):1023–8. [French].

51. Noland MP. The effects of self-monitoring and reinforcement on exercise
adherence. Res Q Exerc Sport. 1989;60(3):216–24.

52. Knight C, Rutterford NA, Alderman N, Swan LJ. Is accurate self-monitoring
necessary for people with acquired neurological problems to benefit from
the use of differential reinforcement methods? Brain Inj. 2002;16(1):75–87.

https://doi.org/10.1007/978-3-319-29108-6


Gracies et al. BMC Neurology           (2019) 19:39 Page 11 of 11
53. Nippita S, Oviedo JD, Velasco MG, Westhoff CL, Davis AR, Castaño PM. A
randomized controlled trial of daily text messages versus monthly paper
diaries to collect bleeding data after intrauterine device insertion.
Contraception. 2015;92(6):578–84.

54. Abrams P, Paty J, Martina R, Newgreen DT, van Maanen R, Paireddy A,
Kuipers-deGroot T, Ridder A. Electronic bladder diaries of differing duration
versus a paper diary for data collection in overactive bladder. Neurourol
Urodyn. 2016;35(6):743–9.

55. Saw AE, Main LC, Gastin PB. Monitoring athletes through self-report: factors
influencing implementation. J Sports Sci Med. 2015;14(1):137–46.

56. VanWormer JJ, Martinez AM, Martinson BC, Crain AL, Benson GA, Cosentino
DL, Pronk NP. Self-weighing promotes weight loss for obese adults. Am J
Prev Med. 2009;36(1):70–3.

57. Ackerman AM, Shapiro ES. Self-monitoring and work productivity with
mentally retarded adults. J Appl Behav Anal. 1984;17(3):403–7.

58. Hanel F, Martin G. Self-monitoring, self-administration of token
reinforcement, and goal-setting to improve work rates with retarded clients.
Int J Rehabil Res. 1980;3(4):505–17.

59. Lenderking WR, Hu M, Tennen H, Cappelleri JC, Petrie CD, Rush AJ. Daily
process methodology for measuring earlier antidepressant response.
Contemp Clin Trials. 2008;29(6):867–77.

60. Dobkin BH, Plummer-D'Amato P, Elashoff R, Lee J, SIRROWS group.
International randomized clinical trial, stroke inpatient rehabilitation with
reinforcement of walking speed (SIRROWS), improves outcomes.
Neurorehabil Neural Repair. 2010;24(3):235–42.

61. Hutin E, Ghédira M, Loche CM, Mardale V, Hennegrave C, Gracies JM, Bayle N.
Intra- and inter-rater reliability of the 10-meter ambulation test in hemiparesis
is better barefoot at maximal speed. Top Stroke Rehabil. 2018:1–6.

62. Roth EJ, Merbitz C, Mroczek K, Dugan SA, Suh WW. Hemiplegic gait.
Relationships between walking speed and other temporal parameters. Am J
Phys Med Rehabil. 1997;76(2):128–33.

63. Van Loo MA, Moseley AM, Bosman JM, de Bie RA, Hassett L. Inter-rater
reliability and concurrent validity of walking speed measurement after
traumatic brain injury. Clin Rehabil. 2003;17(7):775–9.

64. Dean CM, Richards CL, Malouin F. Walking speed over 10 metres overestimates
locomotor capacity after stroke. Clin Rehabil. 2001;15(4):415–21.

65. Moseley AM, Lanzarone S, Bosman JM, van Loo MA, de Bie RA, Hassett L,
Caplan B. Ecological validity of walking speed assessment after traumatic
brain injury: a pilot study. J Head Trauma Rehabil. 2004;19(4):341–8.

66. Studenski S, Perera S, Wallace D, et al. Physical performance measures in the
clinical setting. J Am Geriatr Soc. 2003;51:314–22.

67. Schmid A, Duncan PW, Studenski S, Lai SM, Richards L, Perera S, Wu SS.
Improvements in speed-based gait classifications are meaningful. Stroke.
2007;38(7):2096–100.

68. Gracies JM, Hefter H, Simpson D, Moore P. Botulinum toxin in spasticity.
Handbook of Botulinum toxin. P. Moore, M. Naumann, Eds, Blackwell
Science, 2002: 221–274.

69. Baude M, Mardale V, Loche CM, Hutin E, Gracies JM, Bayle N. Intra- and
inter-rater reliability of the modified Frenchay scale to measure active
upper limb function in hemiparetic patients. Ann Phys Rehabil Med. 2016;
59S:e59–60.

70. Gracies JM, Brashear A, Jech R, McAllister P, Banach M, Valkovic P, Walker H,
Marciniak C, Deltombe T, Skoromets A, Khatkova S, Edgley S, Gul F, Catus F,
De Fer BB, Vilain C, Picaut P. International AbobotulinumtoxinA adult upper
limb spasticity study group. Safety and efficacy of abobotulinumtoxinA for
hemiparesis in adults with upper limb spasticity after stroke or traumatic
brain injury: a double-blind randomised controlled trial. Lancet Neurol. 2015;
14(10):992–1001.

71. Gracies JM, Yablon S, Raghavan P, Barbano R, Brashear A, Simpson DM. And
the BTX-TZD study group. Relationship between active function and tone in
a placebo-controlled study of botulinum neurotoxin vs Tizanidine in upper
limb spasticity. Arch Phys Med Rehabil. 2009;90(10):e5–6.

72. Butler P, Engelbrecht M, Major RE, Tait JH, Stallard J, Patrick JH. Physiological
cost index of walking for normal children and its use as an indicator of
physical handicap. Dev Med Child Neurol. 1984;26(5):607–12.

73. Brashear A, Zafonte R, Corcoran M, Galvez-Jimenez N, Gracies JM, Gordon
MF, McAfee A, Ruffing K, Thompson B, Williams M, Lee CH, Turkel C. Inter-
and intrarater reliability of the Ashworth scale and the disability assessment
scale in patients with upper-limb poststroke spasticity. Arch Phys Med
Rehabil. 2002;83(10):1349–54.
74. Collin C, Wade DT, Davies S, Horne V. The Barthel ADL index: a reliability
study. Int Disabil Stud. 1988;10(2):61–3.

75. Wade JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-
36). Med Care. 1992;30:473–83.

76. Gallien P, Adrien S, Petrilli S, Durufle A, Robineau S, Kerdoncuff V, Plassat R,
Lassalle A, Nicolas B. Home care and quality of life three years after stroke.
Ann Readapt Med Phys. 2005;48(5):225–30 French.

77. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO.
Development and validation of a geriatric depression screening scale: a
preliminary report. J Psychiatr Res. 1982-1983;17(1):37–49.

78. Bütefisch CM, Davis BC, Wise SP, Sawaki L, Kopylev L, Classen J, Cohen LG.
Mechanisms of use-dependent plasticity in the human motor cortex. Proc
Natl Acad Sci U S A. 2000;97(7):3661–5.

79. Hernandez TD, Schallert T. Seizures and recovery from experimental brain
damage. Exp Neurol. 1988;102(3):318–24.

80. Clarkson AN, Huang BS, Macisaac SE, Mody I, Carmichael ST. Reducing
excessive GABA-mediated tonic inhibition promotes functional recovery
after stroke. Nature. 2010;468(7321):305–9.

81. Jones TA, Schallert T. Subcortical deterioration after cortical damage: effects
of diazepam and relation to recovery of function. Behav Brain Res. 1992;
51(1):1–13.

82. Gracies JM, Bayle N, Goldberg S, Simpson DM. Botulinum toxin type B in
the spastic arm: a randomized, double-blind, placebo-controlled, preliminary
study. Arch Phys Med Rehabil. 2014;95(7):1303–11.

83. Harvey LA, Katalinic OM, Herbert RD, Moseley AM, Lannin NA, Schurr K. Stretch
for the treatment and prevention of contracture: an abridged republication of
a Cochrane systematic review. J Physiother. 2017;63(2):67–75.

84. Moriyama H, Tobimatsu Y, Ozawa J, Kito N, Tanaka R. Amount of torque and
duration of stretching affects correction of knee contracture in a rat model
of spinal cord injury. Clin Orthop Relat Res. 2013;471(11):3626–36.

85. Pila O, Duret C, Gracies JM, Francisco GE, Bayle N, Hutin É. Evolution of
upper limb kinematics four years after subacute robot-assisted rehabilitation
in stroke patients. Int J Neurosci. 2018:1–10.

86. Wade DT, Colen FM, Robb GF, Warlow CP. Physiotherapy intervention late
after stroke and mobility. Br Med J. 1992;304:609–13.

87. Jörger M, Beer S, Kesselring J. Impact of neurorehabilitation on disability in
patients with acutely and chronically disabling diseases of the nervous
system measured by the extended Barthel index (EBI). Neurorehab Neurol
Repair. 2001;15(1):15–22.


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Objectives
	Methods
	Ethical approval and trial registration
	Research design
	Intervention
	Conventional therapy
	The Guided Self-rehabilitation Contract

	Outcome measures
	Setting and recruitment
	Procedures
	Randomization procedure
	Study population
	Inclusion criteria
	Exclusion criteria

	Statistical methods
	Sample size
	Statistical analysis
	Descriptive analysis of the first phase
	Analysis of the randomized study
	Pre−/post-analysis
	Statistical tests and software used

	Safety

	Discussion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

