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Assessment of virtual teacher feedback for the recovery of the
upper limb after a stroke. Study protocol
for a randomized controlled trial.
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Abstract

Introduction: Enhanced feedback provided by virtual reality has been shown to promote motor learning both in healthy sub-
jects and patients with motor impairments following lesions of the central nervous system. The aim of this study is to eval-
uate the effect of displaying a virtual teacher as visual feedback to promote the recovery of upper limb motor function after
a stroke.

Methods: The protocol reports the design of a single blind randomized controlled trial (RCT), blinded to outcome assessment.
Two different treatments based on virtual reality will be compared: in the “Teacher” group, the patients receive treatment with
continuous displaying of a virtual teacher, while in the “No-Teacher” group, the same exercises will be proposed without vis-
ualisation of a virtual teacher.

The Fugl-Meyer upper extremity scale will be considered as the primary outcome, while the Functional Independence Meas-
ure scale, Reaching Performance Scale and Modified Ashworth Scale will be considered as secondary outcomes. Moreover,
kinematic parameters such as mean duration (seconds), mean linear velocity (cm/s) and smoothness (i.e. number of sub-move-
ments) will be registered when performing standardised tasks. All tests will be performed before and after treatments. Both
treatments will last four weeks with a daily session lasting one hour, five days a week (20 overall sessions).

Discussion: This study is designed to systematically assess the influence of using enhanced visual feedback for the recovery
of upper limb motor function after a stroke. These findings will help to determine whether the use of a virtual teacher as en-
hanced visual feedback is effective for promoting better recovery of upper limb motor function over four weeks of post-stroke
treatment.

Trial registration: Current Controlled Trials registration number: NCT02234531 (registered on 29 August 2014, ClinicalTri-
als.gov)

The individual division on this paper was as follows: a — research work project; B — data collection; C — statistical analysis; D — data interpretation; E — manu-
script compilation; F — publication search
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Stowa kluczowe
rzeczywisto$¢ wirtualna, udar mézgu, rehabilitacja, wizualna informacja zwrotna

Streszczenie

Wprowadzenie: Badania wykazaly, ze generowana w rzeczywisto$ci wirtualnej wzmocniona informacja zwrotna pozwala na
zwiekszenie mozliwoséci ponownego uczenia si¢ ruchu zaréwno u 0s6b zdrowych jak i pacjentéw po uszkodzeniu osrodkowe-
go uktadu nerwowego. Celem obecnego badania jest ocena wplywu wirtualnego nauczyciela prezentowanego, jako wzrokowa
informacja zwrotna na poprawe motoryki koficzyny gornej u pacjentéw po udarze mézgu.

Metody: Protokét przedstawia badanie randomizowane z pojedyncza Slepa proba dla oceny poczatkowej i koficowej. W bada-
niu zostang poréwnane dwa zabiegi oparte na rzeczywistosci wirtualnej. Pacjenci bedg podzieleni na dwie grupy, tj.; grupa
»Teacher”, w ktérej pacjenci bedg otrzymywa¢ wzmocniong informacje ZWrotna poprzez wizualizacje wirtualnego nauczycie-
la, natomiast w grupie ,,No-Teacher” pacjenci bedg wykonywa¢ te same ¢wiczenia bez wizualizacji wirtualnego nauczyciela.
Zostang zastosowane nastepujace testy kliniczne: Fugl-Meyer dla koficzyny gérnej, Functional Independence Measure — FIM,
Reaching Performance Scale i zmodyfikowana skala Ashworth. Ponadto badane beda parametry kinematyczne jak: Sredni czas
wykonanego ruchu (sekundy), $rednia liniowa szybko$¢ wykonanego ruchu (cm/s) i odchylenia od prawidtowej trajektorii ru-
chu (nr). Wszystkie testy zostang przeprowadzone przed i po zakoficzeniu badania. Oba zabiegi beda trwaly 4 tygodnie z jed-
no godzinnymi sesjami terapeutycznymi (20 sesji ogotem).

Dyskusja: Badanie zostato Zaprojektowane, aby ocenié¢ wplyw wizualnej informacji zwrotnej w formie wzmocnionej na po-
prawe funkcji koficzyny gérnej u 0s6b po udarze mézgu. Badanie to pozwoli ustali¢ czy zastosowanie wirtualnego nauczycie-
la w formie wzmocnionego sprzezenia zwrotnego jest skuteczne w rehabilitacji funkcji koficzyny goérnej w ciagu 4-tygodnio-
wych sesji terapeutycznych.

Badanie rejestrowane: Aktualny numer rejestracji badania to NCT02234531 (zarejestrowany w dniu 29 sierpnia 2014 roku

na ClinicalTrials.gov)

INTRODUCTION

Impairments induced by a stroke usu-
ally affect the ability of the upper
limbs, interfering with most activities
of daily living (ADL). One aim of up-
per limb rehabilitation after a stroke
is to restore the best possible level of
autonomy. Recent findings suggest
that therapeutic modalities should
be deployed on the basis of motor
learning principles' to reshape dis-
rupted neural mechanisms and allow
voluntary motor activation, the tun-
ing of which depends on feedback
augmentation and specificity?. This
means that the recovery process un-
derpinned by rehabilitation modal-
ities could be intended as a learning
process exploited by the central nerv-
ous system (CNS). This augmented
feedback can be provided to patients
as standardized scores (e.g. knowl-
edge of results, KR) as well as infor-
mation on their arm movements dur-
ing the execution of motor tasks (e.g.
knowledge of performance, KP). One
of the motor learning-based rehabil-
itation modalities currently emerging
as effective for the recovery of the
upper limb after a stroke is based on
Virtual Reality (VR) technologies, al-
lowing for the substitution of sensory
feedback coming from the environ-
ment with feedback that is artificial®.
Among all the VR approaches availa-
ble, the Reinforced Feedback in Vir-
tual Environment (RFVE)*¢ has been

demonstrated as an effective modali-
ty for the treatment of the upper limb
after a stroke”$. With this approach,
it is possible to provide patients with
several augmented feedbacks on the
performed motor task, thus optimiz-
ing both the sense of presence and
environmental control in clinical set-
tings.

Innovative technologies have pro-
vided the opportunity to enrich the
environments in which motor rehabil-
itation programs are carried out. This
enrichment could potentially facili-
tate the physiological activation of the
brain areas devoted to motor learning.
Following these principles, exercises
should involve multiple sensory mo-
dalities exploiting the adaptive nature
of the nervous system, in order to pro-
mote active patient participation’. Pre-
vious evidence has demonstrated that
training in a virtual environment pro-
motes learning in normal subjects, as
well as in post-stroke patients, which
is underpinned by providing augment-
ed feedback related to motor perfor-
mance and results'®'*, Moreover, oth-
er effects dependent on the interaction
with virtual environments have been
measured at the cortical activation
level using functional magnetic reso-
nance imaging (fMRI). To date, neu-
roimaging evidence has shown that re-
organization of the motor cortex and
related motor recovery change signifi-
cantly after VR based treatments'>".
Based on this data, it has been argued

that RFVE can promote the recovery
of motor function in post-stroke pa-
tients by means of regular, intensive
and supervised training'®*?’. Doya*!
suggests that different brain areas (i.e.
the cerebellum, basal ganglia, cortex)
are involved in the process of learn-
ing new motor tasks; each one encod-
ing for different learning paradigms
(i.e. supervised, reinforced, unsuper-
vised). Training with the opportuni-
ty to emulate a teacher doing the cor-
rect kinematics has been proposed as
the most useful feedback for promot-
ing the supervised learning paradigm.
This paradigm argues for the involve-
ment of cerebellum in the real-time
fine-tuning of movements by means
of its feed-forward structure based on
massive synaptic convergence of gran-
ule cell axons (parallel fibers) onto
Purkinje cells, which send inhibito-
ry connections to the deep cerebellar
nuclei and the inferior olive. The cir-
cuit of the cerebellum may be capable
of implementing the supervised learn-
ing paradigm, which consists of er-
ror driven learning behaviors?'. Based
on this rationale, we argue that mo-
tor learning could be improved by an
enriched environment in which affor-
dances are focused on optimizing the
interaction between the motor system
and the physical environment. VR is
a feasible technological framework
that allows the creation of specific set-
tings where those affordances are op-
timized.
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AIM

In this protocol, we designed a ran-
domised clinical trial (RCT) aimed at
studying the effect of using the con-
tinuous visualisation of an on-line vir-
tual teacher while doing upper limb
motor exercises in a VR environment
for the recovery of upper limb motor
function after a stroke.

METHODS AND DESIGN

A single-blind RCT was designed to
compare the effects of treatment pro-
vided in a virtual environment based
on continuous displaying of a virtual
teacher (TEACHER group) with the
same treatment but without display-
ing the virtual teacher (NO-TEACH-
ER group).

elSSN 1896-3250  ISSN 1427-9622  © AWF Krakow

All consecutive inpatients admitted
to the Unit of Cerebrovascular Dis-
eases at the IRCCS San Camillo Hos-
pital Foundation (Venice, Italy) will
be eligible for the study (Figure 1).
Only patients fulfilling the inclusion/
exclusion criteria reported in the fol-
lowing paragraphs, will be enrolled
in the study. Ethical approval was
obtained from the internal review

Inclusion criteria

patients
Exclusion criteria /

Screening of potentially eligible

< 24 Months

Randomization
(n=122)

A 4

TO (1-2 days before training in virtual environment)
Clinical assessment: Fugl-Meyer upper extremity scale, Functional Independence
Measure scale, Reaching Performance scale, modified Ashworth scale.
Kinematic assessment: mean duration (seconds), mean linear velocity (cm/s),

smoothness (number of sub-movements, No.).

Ever Teacher group (n=61)

During the treatment specific feedback

called “virtual teacher” isdisplayed online.

v

Treatment without enhanced visual

feedback provided through “virtual

Never Teacher group (n=61)

teacher” assistance.

4 weeks

T1 (after 20 sessions of training in virtual environment)
Clinical assessment: Fugl-Meyer upper extremity scale, Functional Independence
Measure scale, Reaching Performance scale, modified Ashworth scale.
Kinematic assessment: mean duration (seconds), mean linear velocity (cm/s),

smoothness (number of sub-movements, No.).

A

Statistical Analysis

Figure 1
Participant flowchart throughout the study
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board of IRCCS San Camillo Hospi-
tal Foundation (Prot. 2013.11) and
the study will be conducted in accor-
dance with the Declaration of Hel-
sinki. The trial was registered in the
ClinicalTrials.gov public repository
and a unique identifier code was giv-
en (NCT02234531). All the patients
will be informed about the study aim
and the experimental procedures. In
accordance with fulfilling the inclu-
sion criteria for the study, written in-
formed consent will be asked to all
the participants.

Outcome measures

The clinical effect of different inter-
vention modalities will be assessed
with the following scales both before
and after treatment: Fugl-Meyer Up-
per Extremity (F-M UE) scale (prima-
ry outcome), Functional Independ-
ence Measure (FIM) scale, Reaching
Performance scale and the modified
Ashworth scale. Moreover, the effect
on changes in kinematic performance
of voluntary movements will be as-
sessed by: mean duration (seconds),
mean linear velocity (cm/s), smooth-
ness (number of sub-movements) ex-
tracted from a sequence of standard
motor tasks repeated before and after
treatment in both groups. Therefore,
the standard movements for kinemat-
ic assessment will be as follow: fore-
arm pronation and supination, elbow
flexion and extension, shoulder ab-
duction and adduction, shoulder in-
ternal and external rotation, shoul-
der flexion and extension and reach-
ing movements. The VR assessment
script is composed of eight standard-
ized motor tasks covering the main
axes of motion of the upper limb (e.g.
flexion, abduction, adduction, rota-
tions, pronation, supination), and in
multiple joints (e.g. shoulder, elbow),
each to be performed for ten con-
secutive trials. Thus, 80 overall tri-
als will be recorded for every patient,
which will provide the kinematic as-
sessment. The aim of the instrumen-
tal assessment is to detect changes oc-
curring in kinematic performance of
the upper limb in standardized move-
ments. The movement kinematics i.e.
mean duration, mean linear velocity
and smoothness, from each executed
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trial, will be recorded via the Virtual
Reality Rehabilitation System (VRRS,
Khymeia Group, Ltd. Noventa Pado-
vana, Italy), and data from all 80 tri-
als will be used to calculate kinemat-
ics of the upper extremity.

In order to run an intention to
treat analysis, the outcomes will be
assessed for all the enrolled patients
independently from the time of their
compliance with the treatment. The
baseline value of patients who drop
out will also be considered as their
treatment result. Due to the treat-
ment modality it will not be possible
to blind patients. However, assessor
blindness will be maintained.

Interventions

The RFVE treatment will be ap-
plied using the system described by
Piron et al.?2. The RFVE treatment
is currently provided for stroke pa-
tients at the IRCCS San Camillo
Hospital Foundation (Venice, Ita-
ly) within their rehabilitation pro-
gram. The treatment will be per-
formed in a darkened room to avoid
distraction from other environmen-
tal stimuli. The patients will be seat-
ed on a standard chair in front of
a wall screen handling the real sen-

ISSN 1427-9622  © AWF Krakow

sorized object with the paretic hand.
In the case of grasping impairments
the hand’s surface will be used as
an end-effector, by means of a sen-
sorized glove worn by the patient.
The physiotherapist will be present
during the rehabilitation session to
adapt the VR tasks to patient’s per-
formance. The main role of the phys-
iotherapist during the therapeutic
session will be to focus on the qual-
ity of movement execution (i.e. mo-
tor behaviour of predicted trajectory
and smoothness of movement) and
correction of motor compensation
behaviours (i.e. assisted exercises to
abolish maladaptive compensation
and to favour functional movement).
The RFVE approach consists of per-
forming different kinds of motor
tasks by moving a sensorized object
(end-effector) simultaneously dis-
played in a virtual scenario on a large
wall-screen. The VRRS will be used
to provide the artificial environment.
The VRRS is composed of a desktop
computer (Intel Core 3.2 GHz pro-
cessor, RAM 2 GB with a dedicated
video card, NVIDIA GeForce 8400
GS with 3D graphic accelerator driv-
er), a high definition LCD projector,
a wall-screen, an electromagnetic 3D
motion tracking device (Polhemus

Virtual Teacher

End Effector

Figure 2

Visual feedback in the “Teacher” group
The reinforced feedback (i.e. virtual teacher)

provided during the execution of

a training task. “Virtual teacher” moves following the trajectory, showing the correct

movement execution in real-time.
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Figure 3

Visual feedback in the “No-Teacher” group

End Effector

Execution of a motor task (without “virtual teacher”) by moving a sensorized object (i.e. end-effector) that is simultaneously

displayed in the virtual scenario.

LIBERTY, Colchester, VT, USA) and
dedicated software.

In the TEACHER group, specific
feedback called “virtual teacher” will
be displayed (Figure 2) online dur-
ing every task repetition. The virtu-
al teacher will automatically executes
the correct movement which the pa-
tient must emulate. This type of feed-
back is supposed to promote motor
adaptation via a supervised learning
mechanism. The visual feedback will
provide online information on motor
performance quality, allowing real
time visual comparison between a pa-
tient’s own execution and the virtu-
al teacher’s one. In the NO-TEACH-
ER group, the patients will be asked
to perform the same motor exercises
using the upper limb without the en-
hanced visual feedback provided via
the virtual teacher assistance (Figure
3), which will never be displayed dur-
ing the therapy sessions. Both treat-
ments will last four weeks with dai-
ly 60-minute sessions, five times per
week (20 overall sessions).

Recruitment and randomisation

The eligible population will be screened
according to the inclusion criteria de-

scribed in the following paragraph. The
enrolled patients (122 overall) will be
randomly allocated to one of the two
groups using sequentially numbered,
opaque sealed envelopes (TEACHER
group, N=61; NO-TEACHER group,
N=61).

Inclusion criteria

Patients affected by their first, sin-
gle stroke at least 24 months be-
fore enrolment will be included.
Inclusion criteria include absence
of ideomotor apraxia, neglect and
aphasia interfering with verbal com-
prehension, FIM score? less than
100 points out of 126, and F-M UE
scale’* score between 10 and 55.
The FIM scale is a reference stand-
ard to measure independence in ac-
tivities of daily living, while the F-M
UE scale is considered as the refer-
ence assessment scale used to meas-
ure residual motor function after
a stroke. These criteria will assure
the enrolment of a representative
population of stroke patients who
can still benefit from intensive re-
habilitation care aimed at stimulat-
ing the highest possible level of in-
dependence.

Exclusion criteria

Fracture, major depressive disorders,
otheracquired braininjuries and drug-
-resistant seizures will be considered
as exclusion criteria.

SAMPLE SIZE CALCULATION
AND STATISTICAL ANALYSIS

Laver et al.”® estimated the efficacy of
VR compared to standard physiother-
apy for post-stroke upper limb reha-
bilitation. The F-M UE scale was the
main outcome for motor function,
and meta-analysis demonstrated that
the score on this scale was significantly
higher (4.43 points, CI = 1.98-6.88)
in patients allocated to the experimen-
tal group. The experimental treatment
proposed in this RCT is based on the
same principles and technologies as
those that were confirmed to be ef-
fective in previous studies. Based on
available evidence, the F-M UE scale
can be considered as a primary out-
come, and an effect size of d=0.54 is
adequately large to detect a clinically
and statistically significant difference
between the experimental and control
groups. Power calculation indicates

© AWF Krakow
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that the sample size of 55 patients per
group (TEACHER and NO-TEACH-
ER), for a=0.05 and 1-f=0.8, would
be sufficient to observe a significant
difference in treatment effects. None-
theless, considering a potential drop-
out rate of 10% (i.e. 6 patients), the
final sample size will be 61 per group
(i.e. 122 patients overall). Paramet-
ric and non parametric statistics will
be used to compare differences with-
in and between the two groups, de-
pending on the skewness of the distri-
bution.

EQUIPMENT CHECK

The VRRS equipment will be cleaned
with antiseptic liquid and visually in-
spected before every use on all par-
ticipants.

ADVERSE EVENT RECORDING

Any adverse event observed by clini-
cians, or self-reported by patients, will
be registered and referred to the phy-
sician and trial steering committee.

DATA COLLECTION

Data will be recorded on study-specif-
ic data collection forms (case report
forms — CRF). Researchers author-
ized to collect and record trial data
will be listed on the study site delega-
tion log and authorized by the Prin-
cipal Investigator. All study data will
be recorded on a CRF. The CRF will
contain the patient’s ID, date of en-
rollment, results of assessments col-
lected before and after treatment, ad-
verse events and clinical data. Com-
pleted CRFs will be registered, and
forms will be tracked through a trial
management system. Discrepant data
will be verified using the original pa-
per data sheets.

PATIENT COMPLETION
AND WITHDRAWAL

Participants will be considered to
have finished the study upon com-
pletion of four weeks of the VRRS

DOI: 10.5604/01.3001.0009.5010

treatment. Completing less than four
weeks of treatment will be treated as
a premature termination of the study
for the patient. Even in case of pre-
mature termination of the treatment,
data will be maintained on the CRF
until study completion. A patient
may withdraw from treatment pre-
maturely because of deciding to in-
terrupt the treatment, or due to sig-
nificant adverse events.

ETHICAL ISSUES

The informed consent form will ex-

plicitly report the following:

a) All the procedures to voluntari-
ly withdraw from the study. The
same procedures will also be com-
municated to the referring neurol-
ogist and general practitioner.

b) The assurance that all therapists
will be trained before their enrol-
ment in the research team on the
benefits and limitations of using
technologies to provide VR-based
therapies.

METHODS OF DISSEMINATION

Dissemination of the findings to sci-
entific and social communities will be
guaranteed by publication of abstracts
and full paper reports in peer-re-
viewed scientific journals, as well as in
newspapers with a general circulation.
Moreover, to promote the knowledge
of the findings, abstracts will be sub-
mitted for presentation to national
and international conferences and dis-
semination via other media will be ac-
tively encouraged to reach a wide gen-
eral audience.

POTENTIAL DIFFICULTIES/
RISKS OF CARRYING OUT THE
RESEARCH

Possible critical aspects might in-
clude the time required to enrol suit-
able patients fulfilling adequate inclu-
sion criteria. In the case that an ade-
quate recruitment rate cannot be sus-
tained, the involvement of a second
unit might be considered to follow
the planned timetable.

elSSN 1896-3250
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Possible patient dropout related to
the proposed technological approach
might also be an issue. To address
this possible risk, sample size calcu-
lation has been increased accordingly
to a predicted dropout rate of 10%,
as observed in other similar studies
and treatments. Moreover, the larger
sample will allow an explorative esti-
mation of treatment safety.

DISCUSSION

In the last decade, therapeutic modal-
ities based on VR technologies for re-
habilitation have received large atten-
tion from different scientific groups
worldwide. Nowadays, many stud-
ies are performed confirming the use-
fulness and safe application of VR
in a wide field of therapeutic appli-
cations®!>*>26, The need to develop
efficacious treatments for relieving
symptoms in stroke-survivors is an
important research topic and clinical
purpose. Our study is designed con-
sidering the state-of-the-art technol-
ogy in this field, which suggests that
VR based treatments can be success-
fully integrated in individual rehabil-
itation programmes. Nevertheless, it
is still unclear whether specific single
feedback is useful for speeding up the
motor learning process or whether
it might present post-stroke patients
with cognitive overload. In the study
by Todorov et al.', the motor learn-
ing curve was assessed in a group of
42 healthy subjects. Participants were
trained provided with enhanced feed-
back through a virtual teacher to em-
ulate an augmented environment and
were compared with 21 participants
trained by a real teacher. The authors
reported that “subjects who received
the virtual environment training per-
formed significantly better than sub-
jects who received a comparable
amount of real-tasks”!*.
Rehabilitation modalities can be en-
riched by many different sensorimo-
tor strategies, most of which show
that some forms of feedback im-
prove the efficiency of learning simple
movements. Winstein et al. observed
this when testing the learning process
phases (i.e. acquisition, maintenance
and re-acquisition of motor tasks) by
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performing simple movements with
enhanced feedback. The comparison
between a group of stroke patients
with a control group of healthy sub-
jects did not show any difference in
the acquisition of motor functions re-
lated to the learning process. How-
ever, post-stroke patients (regard-
less of feedback delivery) committed
more errors in each phase than those
in the control group?. The authors
concluded that a stroke in the senso-
rimotor area alters the ability to con-
trol and correct movement execution,
but not the ability to re-learn motor
tasks. Conversely, continuous inter-
action with the external environment
unconsciously determines our behav-
iors. Motor memory mostly relies on
the integrity of procedural memory,
the capability to approximate likely
responses to specific stimuli. Proce-
dural memory is located in the struc-
tures associated with the motor sys-
tem, especially in the cerebellum and
basal ganglia (caudate nucleus), which
is one of the main brain structures for
cognitive and perceptual learning and
motor efficiency?. Thus, motor learn-
ing can be defined as the ability to im-
prove individual movements or se-
quences of movements through rep-
etition and interaction with the en-
vironment. On the other hand, rein-
forced feedback provided by virtual
reality can promote motor learning,
which has been shown to be effective
both in healthy subjects and stroke
patients with motor impairments®.

This protocol represents the first
RCT study of virtual training for up-
per limb motor function in stroke
patients where the effect of using
the same environment with differ-
ent types of feedback is assessed. The
findings from this study will be rel-
evant to researchers, clinicians and
service users in decision making to
provide appropriate effective ther-
apy. Moreover, the results will im-
prove the understanding of patients’
needs when providing rehabilitation
therapy after a stroke.

Trial status
The study is currently recruiting pa-

tients, and 57 participants have al-
ready been assessed.
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