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Abstract
Background: Novel virtual reality rehabilitation systems provide the potential to increase intensity and offer
challenging and motivating tasks. The efficacy of virtual reality systems to improve arm motor function early after
stroke has not been demonstrated yet in sufficiently powered studies. The objective of the study is to investigate
whether VR training as an adjunct to conventional therapy is more effective in improving arm motor function in
the subacute phase after stroke than dose-matched conventional training, to assess patient and therapist satisfaction
when working with novel virtual reality training and to calculate cost-effectiveness in terms of resources required to
regain some degree of dexterity.
Methods/Design: Randomized controlled observer-blind trial.
One hundred and twenty patients up to 12 weeks after stroke will be randomized to either a group receiving VR training
or dose-matched and therapist attention-matched conventional arm training in addition to standard rehabilitation.
During a period of four weeks the patients will be offered additional 4–5 training sessions a week of 45–60 minutes
duration by a physiotherapist or an occupational therapist.
Study outcomes: Arm motor function, dexterity and independence in daily life activities will be evaluated at baseline,
post treatment and three months follow-up assessments with the Action Research Arm Test, Box and Blocks Test and
the Functional Independence Measure, respectively. Patient and therapist satisfaction with the implementation of a VR
rehabilitation system will also be assessed with questionnaires and interviews.
Discussion: Virtual reality systems are promising tools for rehabilitation of arm motor function after stroke. Their
introduction in combination with traditional physical and occupational therapy may enhance recovery after stroke, and
at the same time demand little personnel resources to increase training intensity. The VIRTUES trial will provide further
evidence of VR-based treatment strategies to clinicians, patients and health economists.
Trial registration: ClinicalTrials.gov NCT02079103
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Background
Early after stroke, approximately two thirds of all patients
experience impaired motor function of an upper extremity
[1,2]. Only 50% of cognitively intact and medically stable
patients with initially reduced upper extremity motor
function obtain satisfactory dexterity in the course of the
first three months [1,2]. High intensity and large doses of
task-related training with many repetitions have been
identified as key factors for motor therapy after stroke
[3]. Virtual reality (VR) therapy allows therapists to
supervise several patients at the same time while providing
more intensive training as compared to self-training. VR
training has the potential to increase intensity, the range of
possible training tasks and may also boost the motivation
of patients by adding a playful element to therapy [4].
Learning is facilitated by providing an enriched environment, multisensory stimulation and direct visual or
auditory feedback, which seems to be delivered by VR
therapy [5]. Furthermore many systems allow for a graded
adaption to increasing motor abilities, thus maintaining
the challenging character of the tasks.
VR in rehabilitation is a relatively novel approach, and
its effectiveness is still under evaluation. Several small
scale and proof of principle studies have been performed
supporting the application of VR methods in upper limb
rehabilitation [6-9]. The largest study to date, including
an impressive number of 376 patients, supported the
beneficial effect of VR rehabilitation [10]. However, the results have to be interpreted with caution since the patients were not randomized. Reviews by Laver et al. [11],
Saposnik et al. [12] and, most recently, Fluet and Deutsch
[4] found evidence for improvement of arm motor
function and activities of daily living when comparing
VR training to various control interventions. However, clinical evidence based on large-scale randomized controlled
studies is lacking, especially for patients in the early
phase after stroke, when maximal plasticity can be expected [13].
The objectives of this study are:
1. to investigate whether VR training as an adjunct to
conventional therapy is more effective in improving
arm motor function in the subacute phase after onset
of stroke than dose- and therapist attention-matched
conventional training;
2. to assess patient and therapist satisfaction when
working with novel virtual reality training;
3. to calculate cost-effectiveness in terms of resources
required to regain some degree of dexterity.

Methods/Design
Design

This study is an international randomized controlled
multicenter trial with five participating rehabilitation
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centers in Denmark, Norway and Belgium. VR training
will be compared to conventional upper limb rehabilitation.
The VR and the control group will receive the same
amount of therapist contact and training time as well as
standard and patient-focused inpatient rehabilitation.
Patient population

All patients with stroke confirmed by clinical neuroimaging
admitted for rehabilitation at the participating centers
within 1 to 12 weeks after stroke will be considered for
inclusion. They will be offered participation in the study if
they fulfil the following eligibility criteria:
– First ever ischemic or hemorrhagic stroke or former
stroke without any residual motor impairment
– 1 to 12 weeks post stroke
– Impaired arm motor function but some residual arm
motor activity as defined by a score of less than 52
on Action Research Arm Test (ARAT), and ability
to execute at least 20 degrees of active shoulder
flexion and abduction against gravity
– Age 18 years or older
– Able to give informed consent
– No severe cognitive impairment defined as < 20 on
Mini Mental State Examination
– No orthopedic impairment, limiting mobility
substantially or causing pain in the affected arm
– No visual disorders limiting the ability to comply
with treatment regimen
Randomization

An independent centralized randomization database will
provide allocation concealed to the involved clinicians and
assessors. A stratified block randomization of severity of
paresis will be performed within each center (two groups;
mild to moderate paresis = able to extend the wrist at
least 20 degrees and the fingers at least 10 degrees
from drop hand position, and severe paresis = not
able to extend hand and fingers 20 and 10 degrees,
respectively).
Interventions

The additional intervention will be delivered for 4 weeks
with 4 to 5 training sessions/week of up to 60 minutes
duration including preparation. To allow for some
flexibility, 16–20 therapy sessions should be achieved
within a maximum of 30 days. In each center designated
research therapists will provide the additional training. Patients in both groups will receive standard and
patient-focused inpatient rehabilitation besides the
additional intervention. The amount of standard rehabilitation, such as physical and occupational therapy
and group training actually received, will be registered
for each patient.
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The VR system

The YouGrabber system (YouRehab Ltd., Switzerland)
comprises wearable data gloves with sensors and training
software with different gaming alternatives. The system
offers several VR rehabilitation scenarios, providing a
graded training program of goal-oriented reaching and/
or grasping exercises (Figure 1). The YouGrabber was
chosen since the different therapy modes provided by
the system allow the inclusion of patients with a broad
range of arm motor impairments from mildly to severely
reduced function. Practical aspects, such as the market
and support ability, user friendliness and moderate costs
compared to other technology-based rehabilitation products
guided the choice for this rehabilitation system.
Experimental group

Patients randomized to the experimental group participate
in VR-based training. The therapist chooses different
therapy modes according to the patient’s needs and abilities.
Standardized therapy modes comprise unimanual and
bimanual training, mirror training and virtually enhanced
movements which are performed using different gaming
alternatives. The system allows adjusting parameters such
as object speed, interval between successive objects, lateral
left/right dispersion of object start positions and the
probability distribution of the object start positions.
During therapy patients are seated at a table facing a
monitor, with the arms on the table in front of them.
Control group

Patients in the control group receive individually tailored
conventional training consisting of a self-training program
under supervision of a therapist to match the therapy and
intensity provided in the experimental group. Conventional
arm training is based on a set of standardized exercises
which comprise task-related practice for gross movements
and dexterity including different grips and selective finger

Page 3 of 5

movements, and training in daily life activities. Patients in
the control group are also training while seated at a table.
Outcome measures

All assessments will be performed by assessors blinded to
group allocation at baseline (<72 h before intervention
start), post treatment (within 72 h), and at three months
follow-up (±1 week). Assessors are trained in testing procedures and a comprehensive assessment manual has been
developed to ensure standardized performance. Efforts will
be made to include all randomized patients at all assessments including those who discontinue the intervention.
The primary outcome measure is the Action Research
Arm Test (ARAT), reflecting arm motor function on a
broad range of arm and hand activities [14].
Secondary outcome measures include the Box and Blocks
Test which is a timed test of dexterity [15]. Independence
in activities of daily living will be assessed by the Functional
Independence Measure (FIM) [16]. Perceived difficulty
performing daily bimanual tasks is assessed with the
ABILHAND questionnaire. Patient and therapist satisfaction with the VR training will be assessed by a standardized
questionnaire.
The study flow chart is presented in Figure 2.
Data monitoring body

The VIRTUES trial has been approved by the Norwegian
Regional Committees for Medical and Health Research
(protocol number 2013/0663) and will be conducted in
conformance with the “Declaration of Helsinki”. Written
informed consent for participation will be obtained. The
trial is registered at ClinicalTrials.gov (NCT02079103). An
independent steering committee will overview the trial.

Patients 1-12 weeks
after stroke
Screening
Baseline assessment
Randomization
Stratification by
center and severity
of paresis
YouGrabber VR training

Supervised UE exercises

4-5 sessions 45-60 minutes

4-5 sessions 45-60 minutes

weekly for 4 weeks

weekly for 4 weeks

+ standard rehabilitation

+ standard rehabilitation

Post intervention assessment
3 months follow-up assessment

Figure 1 The virtual reality training system.

Figure 2 Flow of patients through the study.
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Sample size

The number of participants is based on a clinically
meaningful change of 6 points [17] on the ARAT, with a
statistical power of 80% and α = 5%. An 8 points SD as an
expression of the population variance has been reported
for patients early after stroke [18]. In the current study
also patients in a later phase post stroke will be included;
therefore a larger SD of 11 points was estimated. Power
calculations demonstrated a required sample size of
106 patients for two groups; 53 in each group. The
recruitment of 120 patients is intended to compensate
for 10% drop-outs at three months and the ability to
conduct a post-hoc analysis based on the stratification
process used according to severity.
Statistical analysis

Statistical methods to assess differences between groups
and within groups will be ANOVA and ANCOVA
analyses, t-tests and Chi-square tests. Intention to
treat (ITT) and per-protocol analyses will be used.
Subgroup analyses according to the stratification “severity”
will be performed. Potential confounders, such as time
after stroke, treatment time and number of treatment
sessions will be included in an ANCOVA. Treatment
costs for both groups will be calculated and compared
in a cost-effectiveness analysis.
Study organization

The study is organized and coordinated by the University of
Bergen, Norway. Collaborating institutions are Haukeland
University Hospital and Sunnaas Rehabilitation Hospital
in Norway, Hammel Neurorehabilitation Center and
University Research Clinic and Skive Neurorehabilitation
in Denmark and the KU Leuven- University of Leuven and
Jessa Hospitals in Belgium.

Discussion
VR training to improve arm motor function after stroke
seems to be a promising approach. It provides the
opportunity to engage in motivating training with many
repetitions, salient stimuli and challenging tasks. These
features are supposed to induce adaptive plastic changes
[19]. However, there is a dearth of randomized controlled
trials documenting its effectiveness [11,12]. VIRTUES is an
international multicenter RCT assessing the effectiveness
and cost-effectiveness of virtual reality upper limb motor
training for patients in the subacute phase after stroke. Key
features of the VR system used in this study, such as the
playful character, the intensity and the feedback provided are similar to other systems. Thus, the results are
expected to be transferable to other systems employing
VR rehabilitation for stroke patients.
Most treatment studies on recovery of arm motor
function after stroke are limited to patients with mild to
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moderate impairment [20]. We choose to include
patients with more severely impaired motor function,
too, since there are few treatment alternatives for this
group. The VR system comprises the possibility to
virtually enhance movements and to mirror movements
of the non-affected arm. The activation of action observation and action execution networks may facilitate motor
function as demonstrated in studies applying mirror
therapy and action observation [21-23].
Cognitive impairments after stroke are common,
either as comorbidity or as a result of the incident.
A prevalence of cognitive impairment has been reported
in about 50% of all patients in the acute phase after
stroke [24]. We set a relatively low cut off of 20
points on MMSE to be able to include a wider range
of patients, including those with mild to moderate
cognitive impairment, thus trying to enhance the external
validity of the study.
The relatively large number of patients included and
the multicenter character of the study will increase the
generalizability of study results across different rehabilitation centers in different countries. The study will also
provide an opportunity to evaluate the feasibility and
implementation of VR-based rehabilitation from therapists’
and patients’ points of view. The results of this study
will assist in clinical decision making and future practice.
Patients and therapists will benefit from improved
knowledge about novel treatment strategies.
Abbreviations
ANCOVA: Analysis of co-variance; ANOVA: Analysis of variance; ARAT: Action
research arm test; SD: Standard deviation; VR: Virtual reality.
Competing interests
The authors declare that they have no competing interests.
Authors’ contribution
IB drafted the manuscript. All authors participated in developing the design
of the study, contributed to and critically appraised the manuscript.
All authors have read and acknowledged the final manuscript.
Acknowledgements
The VIRTUES trial is funded by the Norwegian Research Council, The Western
Norway Regional Health Authority, The Norwegian Fund for Post-graduate
Training in Physiotherapy, Regional Hospital Central Jutland Research Fund,
Region Central Jutland Research Foundation and Danish Physiotherapists’
Research Fund.
We are grateful for the support of the clinicians working at the participating
centers, especially the research therapists John Wrigglesworth, Anke Swinnen
and Liselot Thijs.
Author details
1
Department of Global Public Health and Primary Care, University of Bergen,
Bergen, Norway. 2Department of Physical Medicine and Rehabilitation,
Haukeland University Hospital, Bergen, Norway. 3Sunnaas Rehabilitation
Hospital, Nesoddtangen, Norway. 4Institute of Clinical Medicine, University of
Oslo, Oslo, Norway. 5Hammel Neurorehabilitation Centre and University
Research Clinic, Hammel, Denmark. 6Rehabilitation Campus Sint-Ursula, Jessa
Hospitals, Herk-de-Stad, Belgium. 7KU Leuven, University of Leuven,
Department of Rehabilitation Sciences, Leuven, Belgium.

Brunner et al. BMC Neurology 2014, 14:186
http://www.biomedcentral.com/1471-2377/14/186

Received: 20 August 2014 Accepted: 17 September 2014

References
1. Brunner IC, Skouen JS, Strand LI: Recovery of upper extremity motor
function post stroke with regard to eligibility for constraint-induced
movement therapy. Top Stroke Rehabil 2011, 18:248–257.
2. Kwakkel G, Kollen B: Predicting improvement in the upper paretic limb
after stroke: a longitudinal prospective study. Restor Neurol Neurosci 2007,
25:453–460.
3. Kleim JA, Jones TA: Principles of experience-dependent neural plasticity:
implications for rehabilitation after brain damage. J Speech Lang Hear Res
2008, 51:S225–S239.
4. Fluet GG, Deutsch JE: Virtual reality for sensorimotor rehabilitation
post-stroke: the promise and current state of the field. Curr Phys Med
Rehabil Reports 2013, 1:9–20.
5. Johansson BB: Multisensory stimulation in stroke rehabilitation. Front Hum
Neurosci 2012, 6:60.
6. da Silva CM, Bermudez IB, Duarte E, Verschure PF: Virtual reality based
rehabilitation speeds up functional recovery of the upper extremities
after stroke: a randomized controlled pilot study in the acute phase of
stroke using the Rehabilitation Gaming System. Restor Neurol Neurosci
2011, 29:287–298.
7. Saposnik G, Teasell R, Mamdani M, Hall J, McIlroy W, Cheung D, Thorpe KE,
Cohen LG, Bayley M: Effectiveness of virtual reality using Wii gaming
technology in stroke rehabilitation: a pilot randomized clinical trial and
proof of principle. Stroke 2010, 41:1477–1484.
8. Yin CW, Sien NY, Ying LA, Chung SF, Tan May LD: Virtual reality for upper
extremity rehabilitation in early stroke: a pilot randomized controlled
trial. Clin Rehabil 2014, Epub ahead of print.
9. Eng K, Siekierka E, Pyk P, Chevrier E, Hauser Y, Cameirao M, Holper L, Hägni K,
Zimmerli L, Duff A, Schuster C, Bassetti C, Verschure P, Kiper D: Interactive
visuo-motor therapy system for stroke rehabilitation. Med Biol Eng Comput
2007, 45:901–907.
10. Turolla A, Dam M, Ventura L, Tonin P, Agostini M, Zucconi C, Kiper P, Cagnin A,
Piron L: Virtual reality for the rehabilitation of the upper limb motor function
after stroke: a prospective controlled trial. J Neuroeng Rehabil 2013, 10:85.
11. Laver KE, George S, Thomas S, Deutsch JE, Crotty M: Virtual reality for
stroke rehabilitation. Cochrane Database Syst Rev 2011, 9:CD008349.
12. Saposnik G, Levin M: Virtual reality in stroke rehabilitation: a meta-analysis
and implications for clinicians. Stroke 2011, 42:1380–1386.
13. Murphy TH, Corbett D: Plasticity during stroke recovery: from synapse to
behaviour. Nat Rev Neurosci 2009, 10:861–872.
14. Platz T, Pinkowski C, van WF, Kim IH, di Bella P, Johnson G: Reliability and
validity of arm function assessment with standardized guidelines for the
Fugl-Meyer Test, Action Research Arm Test and Box and Block Test:
a multicentre study. Clin Rehabil 2005, 19:404–411.
15. 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.
16. Ottenbacher KJ, Hsu Y, Granger CV, Fiedler RC: The reliability of the
functional independence measure: a quantitative review. Arch Phys Med
Rehabil 1996, 77:1226–1232.
17. van der Lee JH, De G,V, Beckerman H, Wagenaar RC, Lankhorst GJ, Bouter LM:
The intra- and interrater reliability of the action research arm test: a practical
test of upper extremity function in patients with stroke. Arch Phys Med
Rehabil 2001, 82:14–19.
18. Kwakkel G, Kollen BJ, van der GJ, Prevo AJ: Probability of regaining
dexterity in the flaccid upper limb: impact of severity of paresis and
time since onset in acute stroke. Stroke 2003, 34:2181–2186.
19. Kleim JA: Neural plasticity and neurorehabilitation: teaching the new
brain old tricks. J Commun Disord 2011, 44:521–528.
20. Dobkin BH: Motor rehabilitation after stroke, traumatic brain, and spinal
cord injury: common denominators within recent clinical trials. Curr Opin
Neurol 2009, 22:563–569.
21. Buccino G, Solodkin A, Small SL: Functions of the mirror neuron system:
implications for neurorehabilitation. Cogn Behav Neurol 2006, 19:55–63.
22. Dohle C, Pullen J, Nakaten A, Kust J, Rietz C, Karbe H: Mirror therapy
promotes recovery from severe hemiparesis: a randomized controlled
trial. Neurorehabil Neural Repair 2009, 23:209–217.

Page 5 of 5

23. Franceschini M, Ceravolo MG, Agosti M, Cavallini P, Bonassi S, Dall’armi V,
Masucci M, Schifini F, Sale P: Clinical relevance of action observation in
upper-limb stroke rehabilitation: a possible role in recovery of functional
dexterity. a randomized clinical trial. Neurorehabil Neural Repair 2012,
26:456–462.
24. Riepe MW, Riss S, Bittner D, Huber R: Screening for cognitive impairment
in patients with acute stroke. Dement Geriatr Cogn Disord 2004, 17:49–53.
doi:10.1186/s12883-014-0186-z
Cite this article as: Brunner et al.: Virtual reality training for upper
extremity in subacute stroke (VIRTUES): study protocol for a randomized
controlled multicenter trial. BMC Neurology 2014 14:186.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

