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Objective: To demonstrate the feasibility and efficacy
of a new video-observation training method (intensive
visual simulation) to improve upper limb function.
Design: Small sample, randomized, evaluator-blind,
monocentric study.

Patients: Seventeen early subacute ischaemic
stroke patients with complete hemiplegia were
randomly assigned to the therapeutic group (n=8)
or control group (CG, n=9).

Methods: Thirty sessions of intensive visual simu-
lation combined with corrected visual feedback
(therapeutic group) or uncorrected visual feedback
(control group) were performed over 6 weeks on
top of a standard rehabilitation programme. Main
outcome measure: 400-point hand assessment test
(400p-HA). Secondary outcome measures: Box and
Blocks (B&B), Purdue Pegboard test, Minnesota.
Results: The 400p-HA test improved significantly from
TO to 6 months for both groups, with a significant diffe-
rence between groups at 3 months (MW-UT p=0.046)
and 4 months (MW-UT p=0.046) in favour of the the-
rapeutic group. One-phase exponential modelling of
400p-HA showed a greater plateau for the therapeutic
group (F test p=0.0021). There was also faster reco-
very of the ability to perform the B&B tests for the
therapeutic group (log-rank test p=0.03).
Conclusion: This study demonstrated the feasibility
and potential efficacy of an intensive visual simu-
lation training programme to improve upper limb
function in subacute stroke patients. A larger study
is needed to confirm these results.
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Stroke is the leading cause of acquired disability
in adults in the most developed countries, with
up to 80% of stroke patients suffering an upper limb

/LAY ABSTRACT )
The recovery of poststroke upper-limb motor deficits
remains challenging, and improvements in this defi-
cit rely on a combination of intensive and specific re-
habilitation techniques. The aim of this study was to
demonstrate the feasibility and test the efficacy of a
new video-observation training method named inten-
sive visual simulation to improve upper-limb function.
Seventeen subacute hemiplegic stroke patients were
included in this study; they received a total of 30
sessions of either intensive visual simulation training
(movement attempts with corrected visual feedback)
for the therapeutic group or sham-intensive visual si-
mulation (movement attempts with uncorrected visual
feedback) for the control group. The global hand fun-
ctioning assessment (400p-HA) was significantly bet-
ter at 3 and 4 months in the therapeutic group than
in the control group, and the recovery curve was bet-
ter. We conclude that this intensive visual simulation
training regimen demonstrates promising benefits for
upper-limb motor recovery in hemiplegic patients at a

\subacute stage. )

motor deficit (1, 2). After complete hemiplegia, the
recovery of a functional hand is achieved by less than
20% of patients despite sustained rehabilitation care
(3). New neurorehabilitation technologies based on
the understanding of the neural mechanisms of motor
control propose diverse and intensive motor training,
which is intended to improve this poor outcome (4, 5).

Among these techniques, observational therapies can
be defined as a set of motor rehabilitation techniques
that rely on the visualization of body movements and
activate the mirror neuron system as the main stimula-
tion of the sensorimotor network (6). Mirror therapy
(MT) is the princeps technique (7, 8) and is effective
for motor recovery in stroke patients (9). However, its
use is problematic in patients who have hemineglect,
attentional deficit, apraxia, or aphasia. When they are
specified, hemineglect or severe aphasia are common
exclusion criteria in most of the clinical studies selected
in the recent Cochrane review (9), which means that
the effectiveness of MT is not clearly established in
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patients with these associated impairments. The use
of videos and a computerized device could overcome
some of these difficulties. Action Observation Training
therapies includes different set of techniques using
video of movements that provide a model of correctly
executed movements, either as an external model at
a third-person point of view, or at first-person point
of view if the screen is positioned in the optical axis
between the subject’s eyes and the impaired limb. The
first-person point of view provides visual feedback with
an embodiment effect comparable to MT, generating
kinaesthetic illusions in most patients. If motor imagery
alone can improve upper limb motor function (5, 10,
11), synchronous action observation and motor imagery
can enhance excitability of the sensorimotor cortex and
contribute to motor improvement following stroke (12).
We previously developed the first experimental device
to successfully enhance cortical motor activity (13) and
relieve pain in patients with brachial plexus lesions
(14). A library of movements performed with the intact
upper limb was video recorded at the first-person point
of' view and horizontally flipped to serve as visual feed-
back during training of the impaired limb. This optical
and computerized system provides the subject with an
immersive 2D image of a correctly executed movement
despite the motor deficit. A full device was consequently
developed for motor training of the upper limb (IVS™,
Dessintey Co., St-Jean-Bonnefonds, France).

In this proof-of-concept study, we tested the feasibi-
lity and effectiveness of intensive visuomotor training
with the intensive visual simulation (IVS) device to
improve upper limb function in a small sample of first-
ever subacute stroke patients with an initially complete
motor deficit in the upper limb. The objective was to
test the effectiveness of the training with corrected
visual feedback, where the device normally executes
movements (therapeutic group), versus training with
uncorrected feedback (control group), where the device
actually delivers the movements of the impaired limb.
For both groups, this intervention was given in addition
to a standard rehabilitation programme.

METHODS
Design

A pilot, prospective, randomized parallel-group, examiner-blind
trial was also conducted. During a 2-year period, all patients
diagnosed with stroke and admitted to the Physical Medicine
and Rehabilitation (PMR) inpatient clinic of the University
Hospital of Saint-Etienne were screened for possible inclusion
in the study. Baseline evaluation was performed prior to ran-
domization. A computer-generated randomization table was
generated by a person not involved in the study. Patients were
randomly allocated to either the therapeutic (T) or control (C)
group based on an assignment schedule and their details were
stored in consecutively numbered, sealed envelopes to ensure
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concealment. Outcome data were collected at baseline (i.e., a
few days before intervention), every 2 weeks during the 6 weeks
of intervention, and then monthly until 6 months poststroke.
Outcome measurements were performed by an independent
examiner blinded to group allocation. To maintain blinding,
patients were instructed not to discuss any aspects of their
intervention with the examiner. The protocol was approved by
the ethics committee of the Saint-Etienne University Hospital
(No. 200102-JV200125). Patients were provided with written
information regarding the study, and written consent was obtai-
ned from all patients before participation in the study.

Patients

The inclusion criteria were male or female, aged 18 to 75 years,
able to give consent, right-handed (Edinburgh Inventory >+40),
with a complete motor deficit in the left or right upper limb at
DO poststroke (0 MRC score from shoulder to digits), related
to a first ischaemic stroke, less than 30 days old at the time of
inclusion, and proven by brain imaging. The main exclusion
criteria were disabling general illness, a history of neurologi-
cal or psychiatric disease, a very poor recovery prognosis due
to a complete infarct of the middle cerebral artery territory, a
visual deficit that could not be compensated for, and cognitive
impairment that compromised comprehension or completion
of the rehabilitation programme.

Intervention

Throughout the study, both groups received individualized
standard rehabilitation therapy for the upper limb from a
physiotherapist (1 hour) or an occupational therapist (1 hour),
which was different from the approach used by the therapist
who performed the IVS training and who was blinded to
the patient’s group assignment. This standard rehabilitation
included hands-on therapy, passive and active mobilization,
electrophysiotherapy, and task-oriented therapy. This standard
therapy was delivered 5 days a week during a part of the day
(morning or afternoon) different from the IVS sessions, thus
preserving the patient’s fatigue level. This standard treatment
continued after the end of the intervention, either in hospital or
on an outpatient basis, according to a programme and duration
tailored to each patient.

Both groups received the intervention with an [IVS™ setup
(Dessintey Co., France) (Fig. 1). We used a research version of
the IVS device, which also allowed direct video capture and dis-
play of the impaired limb. The therapeutic group (TG) received
upper limb rehabilitation sessions with visual feedback correc-
tion (normally executed movements, with horizontally flipped,
prerecorded video of the intact limb), whereas the control group
(CG) had sessions without visual feedback correction (direct
video capture and display of the impaired limb). The training
consisted of functional reaching and grasping movements. A
set of 10 objects was selected to include 2 examples of 5 types
of prehensile postures according to Schlesinger’s classification
(cylindrical, tip, palmar, spherical, lateral). Before each move-
ment, a static grey picture with the written name of the next
movement to be performed was displayed on the screen for 5
sec, then a cross (preparation cue) for 1 sec, and a video was
displayed for approximately 10 sec, either the normally executed
movement (horizontally flipped, prerecorded video of the intact
limb) for the TG or the direct video capture of the impaired
limb for the CG. Patients were asked to perform a volitional
movement attempt of the instructed movement during the video
display, and for the TG patients were instructed to synchronize
this movement attempt with the displayed movement. During
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Fig. 1. Stroke patient during practice on the IVS device.

each training session, the 10 movements were repeated 20 times,
for a total of 200 movements per session. The 2 groups received
the same measure of rehabilitation. The therapist remained close
to the patient during the training to provide instruction to the
patient, ensure optical coherence of the display, eventually assist
the patient, and specifically ensure the correct starting position
of the patient’s hand. Patients received this training 5 days a
week for 6 weeks, for a total of 30 sessions.

Outcome measures

The main outcome measure was the 400-point Hand Assessment
test (400pt-HA) (15—17). This validated test evaluates 57 usual
manual activities that test simple distal analytical movements,
unimanual grasping and displacement of objects, and the
function of both hands (coordinated bimanual movements).
By combining analytical and functional dimensions, this test
covers a large range of sensitivities regarding motor recovery
in the hand.

Additional validated grasping and dexterity tests were also
conducted as secondary outcomes: the Box and Block Test
(B&B) (18), the Purdue Pegboard Test (Purdue) (19, 20) and the
Minnesota Rate of Manipulation Test (Minnesota) (21). To be
performed with the impaired limb, these tests require minimal
recovery of reaching and grasping capabilities with the impaired
limb. These scores are consequently expected to be 0 (or close
to 0) at the beginning of the intervention and may remain null
in the case of nonfunctional recovery.

An inclusion visit was performed for each patient with a
clinical examination, and data regarding associated deficits,
such as sensitivity impairment, hemineglect, and praxis disor-
ders, were collected to eventually assess the influence of these
factors on therapeutic efficacy. At inclusion, a baseline motor
evaluation of the upper limb was performed (400pt-HA, B&B,
Minnesota, Purdue). This motor evaluation was repeated every
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2 weeks during the 6 weeks of the rehabilitation programme
and then monthly until 6 months poststroke. These numerous
assessments (8 per patient in the case of complete data), with
a relatively long follow-up period (6 months poststroke), were
designed to allow temporal modelling (estimate of the recovery
curves) in addition to the usual comparative analysis.

Data analysis

All the data were analysed using Prism 5 software (GraphPad
Software, Inc; https://www.graphpad.com/). The Mann—
Whitney U test was applied to determine the difference in age
between the 2 groups, and Fisher’s exact test was applied for the
other characteristics of the patients. Comparisons of test results
between the 2 groups were performed with Mann—Whitney U
tests. Two-tailed results were considered significant if p<0.05.
In addition, one-phase exponential modelling was applied to
the recovery curves of 400pt-HA for each group, and the fits
of the 2 groups were compared with an extra sum-of-squares F
test. Considering that dexterity tests (B&B Minnesota, Purdue)
have an optional and delayed recovery (non-0 score), additional
time-to-event statistics were performed (time-to-non-0 score),
similar to survival curves, with a comparison of the two groups
of curves using log-rank (Mantel-Cox) tests.

RESULTS

Patients included

Seventeen patients, with a mean age of 63.4 years (SD
7.8), who were suffering a first ischaemic stroke and
met the inclusion criteria, were enrolled and randomly
assigned to the control group (CG, n=9; mean age
64.2 years, SD 9.6) or the therapeutic group (TG, n=8;
mean age 62.6 years, SD 5.7). The main characteristics
of the population are described in Table I, and none of
these characteristics significantly differed between the
groups. There was an overall predominance of right
hemiplegia (13 out of 17 patients), which was balanced
between the groups.

400pt-HA results

The 400pt-HA test showed a significant improvement
from TO to the end of the intervention (Fig. 2a and
Table IT) and then a slower improvement until 6 months.
The difference in the means between the TG 43.1 and
CG 27.0 groups did not reach statistical significance
(Mann—Whitney U test p=0.07) at the end of the inter-
vention but became significant during the follow-up
period at 3 months (TG 45.5; CG 27.8; p=0.046) or 4
months (TG 51.5; CG 29.9; p=0.046). This difference
at 3 and 4 months is superior to the minimal clinically
important difference (MCID) of 6. Modelling of the
recovery of upper limb function based on all temporal
data of patients in each group was performed with a one-
phase exponential model, which was selected as the best
suitable model for the recovery curve (Fig. 2b). This
model differed significantly between the therapeutic
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Table I. Main characteristics of the patients

Affected
Initials Sex Age limb Brain lesion
Control
DRO1 M 62 R Left centrum semiovale and thalamus
GAO03 M 72 R Left superficial MCA territory
SCo7 M 49 L Right lenticulo-striate territory
DY12 F 72 R Left superficial MCA territory
GJ13 F 47 R Left superficial MCA territory and partial
lenticulo-striate territory
RL14 M 70 R Left lenticulo-striate territory
DM15 F 66 R Left superficial MCA territory
FG16 F 70 R Left lenticulo-striate territory
GD17 F 69 L Right superficial MCA territory
Therapeutic
FJ02 M 58 R Left superficial MCA territory
RM04 F 57 L Right internal capsule and centrum
semiovale
REO5 M 68 R Left internal capsule and thalamus
V]06 M 71 R Left lenticulo-striate territory
GMO08 F 66 L Right lenticulo-striate territory
PLO9 M 59 R Left internal capsule and centrum
semiovale
FF10 M 57 R Left centrum semiovale
BL11 M 65 R Left internal capsule

MCA: middle cerebral artery.

and control groups (p=0.0021; extra sum-of-squares
F test), with the therapeutic group reaching a higher
plateau (Ymax: TG 54.2 with 95% CI [40.3-68]; CG
29.2 with 95% CI [22.6-38.4]).

Dexterity tests

The mean evolution of the B&B, Purdue and Minne-
sota tests can be seen in the left column of Fig. 3. The
mean values of the 3 tests were consistent in favour of
the therapeutic group, although the Mann—Whitney U
test did not differ significantly. The cumulative curves
of the time-to-non-0 scores can be seen in the right-
hand column of Fig. 3. This temporal time-to-event
approach allows us to consider the duration of a 0-point
interval as a marker of recovery. These curves show a
consistently faster recovery of non-0 scores for the 3
tests, with a log-rank (Mantel-Cox) test indicating sig-
nificant results for the B&B test (p=0.03); concretely,
this finding indicates that the recovery of the ability
to transfer at least 1 cube (from one side to the other)
with the paretic hand is faster in the therapeutic group
than in the control group.
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Fig. 2. Temporal evolution of the total 400p-HA test, expressed as
percentage of recovery of the maximum score, for the therapeutic group
(red dots) and the control group (blue dots); (a) mean difference with
SD at fixed times: TO, END of intervention, M3, M4 and M6 poststroke.
*p <0.05 Mann-Whitney comparison; (b) one-phase exponential
modelling for the therapeutic group (red dots and curve) and the control
group (blue dots and curve).

DISCUSSION

This proof-of-concept study demonstrated the feasibi-
lity of innovative motor training based on immersive
visual feedback to improve upper limb function in a
small population of subacute stroke patients. By using
prerecorded videos of movements normally executed
with a healthy limb, this technique provides, similar
to mirror therapy, a realistic view of the attended
movement from a first-person point of view (22). The
main advantages of this technique, compared with

Table II. Details of results for the total 400p-HA test and the 3 dexterity tests over time (TO, END of intervention, M3, M4, and M6) for

the therapeutic group and the control group

Therapeutic group

Control group

TO END M3 M4 M6 TO END M3 M4 M6 MCID
Test Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
400p-HA 15.1+13.2 43.1 + 25.0 45.51+20.9 51.6+23.3 40.+36.6 9.6+3.2 27.0+21.4 27.8+ 22.4 29.9+26.5 57.6+25.1 3.3
Box& Block 0.7+1.9 2.4+3.7 7.7+10.0 10.1+4.0 2.8+4.1 0.6+1.2 1.9+3.8 4.7+9.5 6.0+10.5 5.0+4.4 5.5/7.8*
Purdue 8.3+2.1 13.8+12.9 NA NA 21.3+12.6 8.9%1.5 12.3+4.1 NA NA 13.6+8.3 3/6%*
Minnesota 0 12.6+22.4 NA NA 22.0+25.6 0 6.4+16.8 NA NA 10.0+24.5 NA

400p-HA: 400-point Hand Assessment test; NA: non-available; Purdue: Purdue Pegboard test.

*Most affected side/less affected side.
**One hand/both hands; no study available in stroke patients.
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Fig. 3. Left column: temporal evolution for the 3 dexterity tests; right column: survival curves showing the % of participants recovering a non-0

score in the 3 dexterity tests.

mirror therapy, are that (7) the patient is fully focused
on the impaired limb and does not have to produce
concomitant movements with the healthy limb and (i7)
the range of movements can be performed in a large
prehensile space and is not limited by the mirror to the
hemispace. The simplicity of the task to be performed
and the ease of installation on the device probably
explain the complete participation of the patients in
this intensive training (200 movements per session) at
an early subacute stage, less than a month after stroke,
as they suffered from a complete motor deficit.

Although conducted on a small population (17
patients), this comparative study provides several posi-
tive results supporting the effectiveness of the training
with corrected visual feedback, where the device
delivers normally executed movements (therapeutic
group), versus similar training with uncorrected feed-
back (control group), on top of a standard rehabilitation
programme. The main positive result was obtained with
the 400pt Hand Assessment test (400pt-HA), which
was defined as the main outcome measure. The mean
difference between groups (Mann—Whitney test) was
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not significant at the end of the training programme
and reached a significant level at 3 and 4 months,
respectively around 15 and 20, which is superior to
the estimated minimal clinically important difference
of 6 (17). This delayed significant difference may, of
course, result from the small power of this study but
also from the course of motor recovery of the upper
limb, which is considered maximal at 3 months, with
aplateau after 3 months for most of the patients (3, 23,
24). For this reason, a change in the motor recovery
curve due to an early intervention can be statistically
detected later in the follow-up period, at the maximum
recovery time of approximately 3 months, without
questioning the causality of the intervention (5, 24).
We may also consider that all the patients received in
parallel a standard rehabilitation programme during
the intervention period and also during the follow-
up period (5 days a week during the inpatient stay,
then 2—3 days a week as an outpatient). This standard
rehabilitation programme, on top of the spontanecous
recovery, also explains part of this continuous improve-
ment after the end of the intervention, and its effect is
balanced between groups. At the end of the follow-up
period, both groups showed improvement, with a non-
significant difference between groups, yet the therapeu-
tic group showed significant improvement earlier. This
IVS intervention, thus, may produce an acceleration
of recovery, confirming the value of neurofeedback
rehabilitation tools for upper limb recovery post-stroke,
as supported by literature reviews (5). Because of the
sufficient number of repeated measurements available
for each patient, approximately 8 measurements were
available for a complete follow-up until 6 months, and
we were able to construct a recovery curve with the
400pt-HA assessments. This one-phase exponential
modelling demonstrated that the therapeutic group
reached a significantly greater plateau than the control
group. This fitting with a one-phase exponential model
is well established for the Fugl-Meyer upper limb test
(FM-UL) (3). The 400pt-HA test is a complete and
mixed assessment that tests, like the FM-UL test, a
panel of elementary movements, and tests graduated
functional reaching and grasping movements, like
functional tests such as the ARAT. Here, we also sho-
wed that the metrological properties of 400pt-HA also
respond to one-phase exponential modelling.

The mean scores of the secondary outcome mea-
sures, the Box & Block test (B&B) and dexterity test
(Purdue, Minnesota), all supported better performance
in the therapeutic group, but between-group compa-
risons at fixed times did not reach the significance
threshold. This lack of significance not only results
from the small number of patients but also results from
a floor effect of the measure, with a mix of delayed
ability to perform a non-0 score for some patients and

E. Ojardias et al. “Proof-of-concept study of IVS training”

p. 6 of 8

some patients who never gain this ability during the
following period. Another statistical approach was then
applied to take advantage of the repeated temporal
measures available to test the time difference needed to
recover the specific ability tested by each test: grasping
and displacing a cube for the B&B test, placing a disc
in a hole with the paralyzed hand for the placing test of
the Minnesota, and placing a small pin in a hole for the
Purdue Pegboard Test. We believe that this temporal
approach, testing the time to recovery of a specific
ability based on robust time-to-event statistics (sur-
vival curves), is a simple and sensitive approach that
complements the classical performance comparison at
fixed times and is very suitable for small-N studies such
as this one. Using this temporal approach, we demon-
strated that patients in the B&B therapy group had
significantly shorter time-to-non-0 scores than patients
in the control group. The Minnesota and Purdue tests
did not reach the significance threshold. The B&B test,
which is recommended in guidelines for post-stroke
protocols (24), seems to be the most sensitive test for
this temporal approach, probably because it is easier to
perform than the Minnesota and Purdue tests, leading
to a higher and suitable probability of success.

This study assessed the effectiveness of a video-
based visual feedback therapy synchronized with
a coherent motor imagery task (Intensive Visual
Simulation) in enhancing motor recovery in the upper
limb in subacute stroke patients. To our knowledge, 3
other computerized devices have been described more
recently: computerized mirror therapy with augmented
video feedback (ART system) provided by an avatar
of the hand (25, 26); a camera-based mirror visual
feedback device (CBMVF), which has also been tested
for its ability to enhance upper-limb motor recovery in
stroke patients (27); and a video-augmented wearable
reflection device (28). Although mirror therapy (MT)
has proven to be effective at improving upper-limb
motor recovery in stroke patients (9), these 3 devices
have also been proposed to overcome some limitations
of MT practice with a sagittal mirror, such as posture
pressure, lack of engagement, and sustained attention
towards the mirror (29), which hinder treatment effects.
The efficacy of these 3 devices has also been sup-
ported by proof-of-concept studies in stroke patients
(26,27). Compared with these devices, the IVS device
combines all the advantages of these 3 devices, such as
naturalistic first-person visual feedback in the frontal
position, a large working space, a complete focus on
the impaired limb, and a large possibility of training
analytic and functional exercises.

Complementary to clinical arguments, Ding et
al. (27) also conducted neurophysiological EEG
recordings to investigate the change in EEG con-
nectivity induced by CBMVF training, suggesting
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improved local efficiency of communication in the
visual, somatosensory, and motor areas induced by the
therapy. Additional electrophysiological studies with
IVS should also be conducted to highlight some of the
innovative properties of the IVS training. An initial one
is the comparison between unilateral work with IVS
and bilateral work with MT. Unilateral versus bima-
nual training comprises 2 completely different motor
tasks, activating different brain networks, which may
be complementary approaches. A second characteristic
of the I'VS training is the possibility for the patient to
control and modulate their motor task practised during
the video display of movements: passive observation,
motor imagery, or execution attempt. The control of
this graded motor task is difficult to achieve with a
simple mirror. It modulates the sensorimotor network
activity (12) and may be useful to monitor at a patient
level, for example with EEG recording, to personalize
the training.

This clinical study, like most of the recovery studies
on hemiplegic stroke, focused on motor recovery with
repetitive and intensive motor training and the impro-
vement of performance on analytic or functional motor
tests (30). These research objectives underestimate the
role of body representations, which are often altered
in hemiplegic patients and need to be evaluated and
rehabilitated (31). By providing a repeated visualiza-
tion of our own body practising movements from the
first-person point of view, IVS training may also contri-
bute to restoring altered body representations, and this
may be one dimension that underpins the efficacy of
this technique. Studies with dedicated designs should
be conducted to assess this specific dimension.

In conclusion, this controlled study demonstrated
the feasibility and efficacy of a new video observatio-
nal training method (IVS) for motor recovery in the
upper limb in subacute stroke patients. The present
data showed that, compared with an intervention with
uncorrected visual feedback, intensive training with
IVS for 6 weeks improved the global functioning of
the impaired limb, as assessed by the 400p-HA test. A
faster recovery of a non-0 score for the Box & Block
test was also demonstrated. If these results are conclu-
sive for the sample of this proof-of-concept study, the
generalization of these results requires a confirmatory
study conducted on a larger stroke population.

ACKNOWLEDGEMENTS

The authors would like to thank Ms Francoise Pineau, occupa-
tional therapist at University Hospital of Saint-Etienne, for her
contribution to the planning and delivery of the intervention.
The authors thank all the study patients for their contribution.

Conflict of interest declaration: Pascal Giraux is cofounder of
the Dessintey Company. He was involved in designing the study
and writing the manuscript. He was not involved in carrying out

E. Ojardias et al. "Proof-of-concept study of IVS training”

p. 7 of 8

the patient intervention, patient assessment, or data analysis.

Funding/financial support: Etienne Ojardias and Ahmed Adham
received a 1-year research grant from the French Ministry of
Health.

Ethical clearance: All methods were performed in accordance
with the relevant guidelines and regulations. The protocol was
approved by the ethics committee of the Saint-Etienne Univer-
sity Hospital (No. 200102-JV200125). All the included subjects
gave written informed consent.

REFERENCES

1. Kyu HH, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi
N, et al. Global, regional, and national disability-adjusted
life-years (DALYs) for 359 diseases and injuries and healthy
life expectancy (HALE) for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet 2018; 392: 1859-1922.
https://doi.org/10.1016/S0140-6736(18)32335-3

2. Clery A, Bhalla A, Rudd AG, Wolfe CDA, Wang Y. Trends
in prevalence of acute stroke impairments: a population-
based cohort study using the South London Stroke Regis-
ter. Willey JZ, editor. PLOS Med 2020; 17: e1003366.
https://doi.org/10.1371/journal.pmed.1003366

3. Vliet R, Selles RW, Andrinopoulou E, Nijland R, Ribbers GM,
Frens MA, et al. Predicting upper limb motor impairment
recovery after stroke: a mixture model. Ann Neurol 2020;
87: 383-393. https://doi.org/10.1002/ana.25679

4. Hayward KS, Kramer SF, Dalton EJ, Hughes GR, Brodt-
mann A, Churilov L, et al. Timing and dose of upper limb
motor intervention after stroke: a systematic review.
Stroke 2021; 52: 3706-3717. https://doi.org/10.1161/
STROKEAHA.121.034348

5. Hatem SM, Saussez G, Della Faille M, Prist V, Zhang X,
Dispa D, et al. Rehabilitation of motor function after
stroke: a multiple systematic review focused on techni-
ques to stimulate upper extremity recovery. Front Hum
Neurosci 2016; 10: 442. https://doi.org/10.3389/
fnhum.2016.00442

6. Thieme H, Morkisch N, Rietz C, Dohle C, Borgetto B. The
efficacy of movement representation techniques for treat-
ment of limb pain: a systematic review and meta-analysis.
J Pain 2016; 17: 167-180. https://doi.org/10.1016/j.
jpain.2015.10.015

7. Ramachandran V. The perception of phantom limbs. The
D. O. Hebb lecture. Brain 1998; 121: 1603-1630. https://
doi.org/10.1093/brain/121.9.1603

8. Ramachandran VS, Altschuler EL. The use of visual feed-
back, in particular mirror visual feedback, in restoring
brain function. Brain 2009; 132: 1693-1710. https://doi.
org/10.1093/brain/awp135

9. Thieme H, Morkisch N, Mehrholz J, Pohl M, Behrens J,
Borgetto B, et al. Mirror therapy for improving motor
function after stroke. Cochrane Database Syst Rev 2018;
7: CDCD008449. https://doi.org/10.1002/14651858.
CD008449.pub3

10. Pollock A, Farmer SE, Brady MC, Langhorne P, Mead GE,
Mehrholz J, et al. Interventions for improving upper limb
function after stroke. Cochrane Database Syst Rev 2014;
2014: CD010820. https://doi.org/10.1002/14651858.
CD010820.pub2

11. Barclay RE, Stevenson TJ, Poluha W, Semenko B, Schubert
J. Mental practice for treating upper extremity deficits
in individuals with hemiparesis after stroke. Cochrane
Database Syst Rev 2020; 2020; 5: CD005950. https://
doi.org/10.1002/14651858.CD005950.pub5

12. SunY, Wei W, Luo Z, Gan H, Hu X. Improving motor ima-
gery practice with synchronous action observation in stroke
patients. Top Stroke Rehabil 2016; 23: 245-253. https://
doi.org/10.1080/10749357.2016.1141472

J Rehabil Med 56, 2024


https://doi.org/10.1016/S0140-6736(18)32335-3
https://doi.org/10.1371/journal.pmed.1003366
https://doi.org/10.1002/ana.25679
https://doi.org/10.1161/STROKEAHA.121.034348
https://doi.org/10.1161/STROKEAHA.121.034348
https://doi.org/10.3389/fnhum.2016.00442
https://doi.org/10.3389/fnhum.2016.00442
https://doi.org/10.1016/j.jpain.2015.10.015
https://doi.org/10.1016/j.jpain.2015.10.015
https://doi.org/10.1093/brain/121.9.1603
https://doi.org/10.1093/brain/121.9.1603
https://doi.org/10.1093/brain/awp135
https://doi.org/10.1093/brain/awp135
https://doi.org/10.1002/14651858.CD008449.pub3
https://doi.org/10.1002/14651858.CD008449.pub3
https://doi.org/10.1002/14651858.CD010820.pub2
https://doi.org/10.1002/14651858.CD010820.pub2
https://doi.org/10.1002/14651858.CD005950.pub5
https://doi.org/10.1002/14651858.CD005950.pub5
https://doi.org/10.1080/10749357.2016.1141472
https://doi.org/10.1080/10749357.2016.1141472
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Giraux P, Sirigu A. Illusory movements of the paralyzed
limb restore motor cortex activity. NeuroIlmage 2003;
20: S107-S111. https://doi.org/10.1016/j.neuroi-
mage.2003.09.024

Mercier C, Sirigu A. Training with virtual visual feed-
back to alleviate phantom limb pain. Neuroreha-
bil Neural Repair 2009; 23: 587-594. https://doi.
org/10.1177/1545968308328717

Gable C, Xenard J, Makiela E, Chau N. Evaluation fonction-
nelle de la main. Bilan 400 points et tests chiffrés. Ann
Réadapt Médecine Phys 1997; 40: 95-101. https://doi.
org/10.1016/S0168-6054(97)83377-6

Gable C, Kandel M, Moureau F, Beer L, Chau N, Paysant
J. Etude de reproductibilité de la cotation du « Bilan 400
points », une mesure de capacité fonctionnelle de la main.
Chir Main 2012; 31: 76-82. https://doi.org/10.1016/j.
main.2012.01.008

Konzelmann M, Burrus C, Gable C, Luthi F, Paysant J. Pro-
spective multicentre validation study of a new standardised
version of the 400-point hand assessment. BMC Muscu-
loskelet Disord 2020; 21: 313. https://doi.org/10.1186/
s12891-020-03303-4

Mathiowetz V, Volland G, Kashman N, Weber K. Adult
norms for the box and block test of manual dexterity. Am
J Occup Ther 1985; 39: 386-391. https://doi.org/10.5014/
ajot.39.6.386

Ashford S, Slade M, Malaprade F, Turner-Stokes L. Evalua-
tion of functional outcome measures for the hemiparetic
upper limb: a systematic review. J Rehabil Med 2008; 40:
787-795. https://doi.org/10.2340/16501977-0276

Chen H-M, Chen CC, Hsueh I-P, Huang S-L, Hsieh C-L.
Test-retest reproducibility and smallest real difference
of 5 hand function tests in patients with stroke. Neu-
rorehabil Neural Repair 2009; 23: 435-440. https://doi.
org/10.1177/1545968308331146

Gloss DS, Wardle MG. Use of the Minnesota rate of
manipulation test for disability evaluation. Percept Mot
Skills 1982; 55: 527-532. https://doi.org/10.2466/
pms.1982.55.2.527

Morkisch N, Thieme H, Dohle C. How to perform mirror
therapy after stroke? Evidence from a meta-analysis.
Restor Neurol Neurosci 2019; 37: 421-435. https://doi.
org/10.3233/RNN-190935

Lundquist CB, Nguyen BT, Hvidt TB, Stabel HH, Christensen

E. Ojardias et al. “Proof-of-concept study of IVS training”

24,

25.

26.

27.

28.

29.

30.

31.

p. 8 of 8

JR, Brunner I. Changes in upper limb capacity and perfor-
mance in the early and late subacute phase after stroke.
J Stroke Cerebrovasc Dis 2022; 31: 106590. https://doi.
org/10.1016/j.jstrokecerebrovasdis.2022.106590
Kwakkel G, Lannin NA, Borschmann K, English C, Ali M,
Churilov L, et al. Standardized measurement of sensorimo-
tor recovery in stroke trials: consensus-based core recom-
mendations from the Stroke Recovery and Rehabilitation
Roundtable. Int J Stroke 2017; 12: 451-461. https://doi.
org/10.1177/1747493017711813

Hoermann S, Hale L, Winser SJ, Regenbrecht H. Augmen-
ted Reflection Technology for Stroke Rehabilitation - A
clinical feasibility study. Proc. 9th Intl Conf. Disability, Vir-
tual Reality & Associated Technologies (ICDVRAT), Laval,
France, 10-12 Sept. 2012; ISBN 978-0-7049-1545-9
Hoermann S, Ferreira dos Santos L, Morkisch N, Jettkowski
K, Sillis M, Devan H, et al. Computerised mirror therapy
with Augmented Reflection Technology for early stroke
rehabilitation: clinical feasibility and integration as an
adjunct therapy. Disabil Rehabil 2017; 39: 1503-1514.
https://doi.org/10.1080/09638288.2017.1291765

Ding L, Wang X, Chen S, Wang H, Tian J, Rong J, et
al. Camera-based mirror visual input for priming pro-
motes motor recovery, daily function, and brain network
segregation in subacute stroke patients. Neurore-
habil Neural Repair 2019; 33: 307-318. https://doi.
org/10.1177/1545968319836207

Kim H, Kim J, Jo S, Lee K, Kim J, Song C. Video augmen-
ted mirror therapy for upper extremity rehabilitation after
stroke: a randomized controlled trial. J Neurol 2023; 270:
831-842. https://doi.org/10.1007/s00415-022-11410-6
Jo S, Kim H, Song C. A Novel approach to increase atten-
tion during mirror therapy among stroke patients: a
video-based behavioral analysis. Brain Sci 2022; 12: 297.
https://doi.org/10.3390/brainsci12030297

Santisteban L, Térémetz M, Bleton J-P, Baron J-C, Maier
MA, Lindberg PG. Upper limb outcome measures used
in stroke rehabilitation studies: a systematic literature
review. Plos One 2016; 11: e0154792. https://doi.
org/10.1371/journal.pone.0154792

Risso G, Bassolino M. Assess and rehabilitate body repre-
sentations via (neuro)robotics: an emergent perspective.
Front Neurorobotics 2022; 16: 964720. https://doi.
org/10.3389/fnbot.2022.964720

J Rehabil Med 56, 2024


https://doi.org/10.1016/j.neuroimage.2003.09.024
https://doi.org/10.1016/j.neuroimage.2003.09.024
https://doi.org/10.1177/1545968308328717
https://doi.org/10.1177/1545968308328717
https://doi.org/10.1016/S0168-6054(97)83377-6
https://doi.org/10.1016/S0168-6054(97)83377-6
https://doi.org/10.1016/j.main.2012.01.008
https://doi.org/10.1016/j.main.2012.01.008
https://doi.org/10.1186/s12891-020-03303-4
https://doi.org/10.1186/s12891-020-03303-4
https://doi.org/10.5014/ajot.39.6.386
https://doi.org/10.5014/ajot.39.6.386
https://doi.org/10.2340/16501977-0276
https://doi.org/10.1177/1545968308331146
https://doi.org/10.1177/1545968308331146
https://doi.org/10.2466/pms.1982.55.2.527
https://doi.org/10.2466/pms.1982.55.2.527
https://doi.org/10.3233/RNN-190935
https://doi.org/10.3233/RNN-190935
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106590
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106590
https://doi.org/10.1177/1747493017711813
https://doi.org/10.1177/1747493017711813
https://doi.org/10.1080/09638288.2017.1291765
https://doi.org/10.1177/1545968319836207
https://doi.org/10.1177/1545968319836207
https://doi.org/10.1007/s00415-022-11410-6
https://doi.org/10.3390/brainsci12030297
https://doi.org/10.1371/journal.pone.0154792
https://doi.org/10.1371/journal.pone.0154792
https://doi.org/10.3389/fnbot.2022.964720
https://doi.org/10.3389/fnbot.2022.964720
http://www.medicaljournals.se/jrm

