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ABSTRACT

Introduction In the recent past, training systems using
an interactive virtual environment have been introduced

to neurorehabilitation. Such systems can be applied

to encourage purposeful limb movements and will
increasingly be used at home by the individual patient.
Therefore, an integrated valid and reliable assessment
tool on the basis of such a system to monitor the recovery
process would be an essential asset.

Objectives The aim of the study is to evaluate usability,
feasibility and validity of the digital version of the Action
Research Arm Test using the Bi-Manu-Trainer system as

a platform. Additionally, the feasibility and usability of the
implementation of action observation and motor imagery
tasks into the Bi-Manu-Trainer software will be evaluated.
Patients and methods This observational study

is planned as a single-arm trial for testing the new
assessment and the action observation and motor imagery
training module. Therefore, 75 patients with Parkinson’s
disease, multiple sclerosis, stroke, traumatic brain injury or
Guillain-Barré syndrome will be included. 30 out of the 75
patients will additionally take part in a 4-week training on
the enhanced Bi-Manu-Trainer system. Primary outcomes
will be the score on the System Usability Scale and the
correlation between the conventional and digital Action
Research Arm Test scores. Secondary outcomes will be
hand dexterity, upper limb activities of daily living and
quality of life.

Hypothesis We hypothesise that the digital Action
Research Arm Test assessment is a valid and essential tool
and that it is feasible to incorporate action observation and
motor imagery into Bi-Manu-Trainer practice. The results
are expected to give recommendations for necessary
modifications and might also contribute knowledge
concerning the application of action observation and motor
imagery tasks using a training system such as the Bi-
Manu-Trainer.

Trial registration number NCT03268304; Pre-results.

INTRODUCTION

Interactive virtual training environments
become increasingly used in neuroreha-
bilitation to encourage purposeful limb
movements.! There are several potential
advantages: they can enable patients to
observe their own movements in real time in
the virtual environment. Thereby, patients
are able to virtually modify their movements
and even to perform related tasks that might
hardly be executable in reality. They also
provide an opportunity for intensive and
varied practice at reduced intervention costs,
customised exercise protocols, the ability to
monitor the exercise and they can increase
user motivation.”” In a Cochrane review by
Laver et alon the usage of virtual reality (VR) in
the field of stroke rehabilitation, it was stated
that VR was not superior to conventional
therapy approaches in improving upper limb
function.* Nevertheless, it might be beneficial
as an additional measure and possibly more
effective compared with the same dose of
additional conventional therapy." In patients
with Parkinson’s disease, encouraging find-
ings on the potential benefits have also been
found™™® as well as improvements of balance
ability in patients with multiple sclerosis.” On
the contrary, there is only limited evidence on
the positive impact of such training systems
on motor and cognitive functionality in the
rehabilitation of traumatic brain injury.
Nevertheless, this approach seems to have the
potential to provide a worthwhile therapeutic
option also for those patients."’
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Figure 1 Virtual reality training system setup (Bi-Manu-
Trainer, Reha Stim Medtec AG). The model wears wireless
hand gloves with movement sensors attached. The screen
displays real-time hand and finger positions.

i

The Bi-Manu-Trainer (BMT) (Reha Stim Medtec AG)
is an example of a therapeutic VR system for upper limb
training in rehabilitation (figure 1). It provides three
feedback modalities (acoustic, visual and sensory) to facil-
itate performance adaption and offers the opportunity to
perform unimanual or bimanual movement tasks of the
upper limb with different game options on a computer
screen. The device was developed specifically for arm,
hand and finger movements only. It allows detecting and
displaying even small movement Changes.ll It has recently
been shown that BMT training and conventional training
both seem to have a similar effect on hand dexterity in
patients with chronic stroke over a 4-week training period
including 16 training sessions.'?

However, the BMT system is being continuously revised
and its newly developed features are the basis for the
planned clinical study. The overall aim is therefore to
evaluate the integration of two new software modules.
One module was planned to provide the possibility of
assessing upper limb motor function using the BMT
system (project 1) and the other module integrates action
observation (AO) and motor imagery (MI) training into
the BMT training (project 2). We hypothesise that the
digital Action Research Arm Test (d-ARAT) is a valid and
useful assessment tool, and that it is furthermore feasible
to incorporate AO and MI into the BMT system.

Project 1: integration of the ARAT into the BMT system

A valid assessment of the upper limb functioning, which
can be carried out by the patient himself, might possibly be
an appreciable improvement of the BMT training system,
especially when applied at home. This could provide both
more frequent information about the individual progress
and also allow for an automatic individual adjustment of
the training software, that is, the level of difficulty. The
conventional ARAT" requires a human examiner to
transform observations of a patient’s performance into a
score in order to set according treatment goals and select
appropriate treatment methods. However, this process
is quite time consuming. The new assessment module
for the BMT on the basis of the conventional ARAT is

envisaged to provide the possibility of self-administering
the test with or without examiner supervision. The BMT
hardware also comprises wearable sensor technology that
can be used to measure motor abilities or to monitor reha-
bilitation outcome for instance by estimating Fugl-Meyer
clinical scores based on motion data.'"*'® Accordingly, the
novel assessment module was developed to be capable
of processing the recorded hand and finger movement
data and thereby to judge the movement performance.
In this regard, the assessment module for the BMT system
was designed to incorporate most of the test items of the
established ARAT.

Project 2: AO and MI as integral part of the BMT training

It is now accepted in neurophysiology that the observa-
tion of actions performed by others can activate some
of the neural structures also responsible for the actual
execution of the same actions as there is an overlap of
the visual and the motor system.'” Interestingly, during
both the actual execution and observation, an increase
of force in performing the same movement was found in
both hands when compared with a control condition.'® In
the field of rehabilitation, AO has been shown to facilitate
motor learning and the building of a motor memory trace
in normal adults as well as in patients with stroke.'’ *

Similarly, MI is a dynamic state during which the repre-
sentation of a specific motor action is internally activated
without any motor output.”’ MI requires the conscious
activation of brain regions that are also involved in move-
ment preparation and execution, accompanied by a
voluntary inhibition of the actual movement.*

With respect to MI, efficacy has frequently been proved
for patients with poststroke® ** with positive effects on
upper extremity motor recovery, balance and gait in
patients with stroke.?%7

As being valuable methods in rehabilitation, both AO
and MI applied in combination can be even more effec-
tive concerning the cortical activation pattern and the
corticospinal excitability, respectively.”* Project 2 of the
planned clinical trial, therefore, aims at the implementa-
tion of AO and MI tasks into the BMT training.

Primary and secondary objectives

Primary objectives

The overall aim of the study is to evaluate the two novel
modules within the BMT system applied in clinical prac-
tice. Therefore, the study will investigate the usability of

Table 1 Overview of study objectives
Project 1
(assessment Project 2
module) (AO-MI module)
Primary Validity. Usability.
objectives Usability.
Secondary Reliability. Applicability.
objectives Responsiveness. Feasibility.

AO, action observation; MI, motor imagery.
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both modules (see table 1 for an overview). It is further
planned to evaluate the validity of the new assessment
module (project 1), thatis, currently being developed on
the basis of the conventional ARAT.

Secondary objectives

The secondary objective of project 1 is the evaluation of
reliability and responsiveness of the assessment module,
whereas the secondary objective of project 2 is the eval-
uation of feasibility and applicability of the AO and MI
module. The different feasibility parameters are thought
to provide details for an ensuing randomised controlled

trial such as most importantly information to enable a
sample size calculation.

METHODS AND DESIGN

The study is designed as a single-arm trial. All study parts
(see figure 2 for an overview) will conform the guidelines
of good clinical practice and the Declaration of Helsinki.
Data collection will be performed in a rehabilitation
clinic in the German-speaking part of Switzerland.

Patient selection criteria and recruitment
Patients will be eligible for study participation if they
fulfil the selection criteria listed in table 2. They equally

Recruiting

Eligibility

T

Yes

No

Exclusion

Con

sent

Baseline

To assessment

\I/—I

8 training sessions

Tiassessment

Project 1 and 2

8 training sessions

L

T2 assessment

 ypslod

T1 assessment - -

FU assessment two
months after
intervention

Figure 2 Study overview: TO, pre-training; T1, measurement after eight training sessions; T2, measurement after eight further
training sessions; FU, measurement after 2-month follow-up period. Project 1 —Integration of the Action Research Arm Test into
the BMT system; Project 2 —action observation and motor imagery as integral part of the BMT training. BMT, Bi-Manu-Trainer;

FU, follow-up.
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Table 2 Patient selection criteria

Inclusion criteria

Exclusion criteria

» Patients with motor function impairments of one or both
upper limbs caused by Parkinson’s disease, multiple
sclerosis, stroke, traumatic brain injury or Guillain-Barré
syndrome.

Age >18years.

Able to sit in a normal chair without armrests.

Able to score at least one in the Box and Block Test.
Comprehend German.

Informed consent as documented by signature.

VVYVYYVYY

» Wirist, hand or finger contractures or an unconsolidated
upper limb fracture.

> Sev%r;e cognitive deficits: Montreal Cognitive Assessmen
<19.

» Severe spatial-visual disorders, for example, severe visual
neglect.

» History of epileptic seizures triggered by visual stimuli (eg,
television, video games) within the last 6 months.

» Enrolment of the investigator, his/her family members,
employees and other dependent persons.

» Full score (63) in the Chedoke Arm and Hand Activity
Inventory V.9 assessment.

» Brain pacemaker—implanted medical device for deep brain
stimulation.

t63

apply for both projects. The patient recruitment strategy

employs different approaches:

1. Patients will be recruited from the clinics’ inpatient or
outpatient departments by physicians, therapists and
nurses.

2. Patients will be recruited from the clinics’ patient da-
tabase. Datasets will be screened for study selection cri-
teria by the involved study personnel. If patients are
eligible, they will be sent a letter describing the study
and including patient information. If patients are in-
terested in participating, they can contact the study
personnel in the clinic by phone or email.

3. Patients will be recruited via a study information flyer
provided on the clinic’s homepage and through pa-
tient self-help groups. If patients are interested in par-
ticipating, they can contact the study personnel in the
responsible clinic by phone or email.

Written informed consent will be obtained from all
patients after they received written and oral study infor-
mation. The procedure will be performed by the study
personnel before patient inclusion. Patient information
and consent forms both in German can be obtained from
the first author. Interested patients will have the choice to
either take part solely in the evaluation of the new assess-
ment module (project 1) or both modules (projects 1
and 2, see figure 2). Participation in project 2 includes
therapy sessions with the new AO-MI module.

Study procedure

At the first contact, the patient will be informed and
invited to partake. If willingness is confirmed within 1-2
days, an appointment for eligibility evaluation and a
baseline assessment is made. At the first visit, a baseline
assessment shall confirm eligibility according to MMSE,
Chedoke Arm and Hand Activity Inventory (CAHAI)
and Box and Block Test (BBT) scores. All participating
patients will receive their standard therapies during the
study as before. The chronological order of all assessments
and practice sessions including all outcome measures can
be found in table 3.

The additional practice with the new AO-MI module
in project 2 is described in table 4 using the Template for
Intervention Description and Replication checklist and
guide.‘%

Outcome parameters

All data will be collected on a case report form that will
be stored in a locked cabinet and will not be accessible
for treating therapists. The standardised case report form
can also be obtained from the first author (FB).

Any patient who decides to stop participation in the
training will still be invited to all further scheduled
measurement events so that the recovery process can be
further assessed. See table 5 for an overview of all assess-
ments and the related measurement events.

Primary outcomes

Action Research Arm Test

The primary outcome of interest is the correlation
between the scores achieved on the conventional ARAT"
and the d-ARAT. The ARAT, first described by Lyle,” eval-
uates 19 tests of arm motor function, both distally and
proximally. It is an evaluative measure to assess specific
changes in upper limb function among individuals who
sustained cortical damage resulting in hemiplegia.” It is
a reliable, valid measure of arm motor status and a valu-
able tool for characterising clinical state and for assessing
spontaneous and therapy-induced recovery."”” The ARAT
assesses the patient’s ability to handle objects differing in
size, weight and shape and is therefore a valuable arm-spe-
cific measure of activity limitation.” Like other motor
assessments, it needs an examiner to transfer patient’s
movements into a score.”” With the new digital ARAT,
the patient’s upper limb movements will automatically be
analysed and rated. The correlation values will be used to
determine the validity, test-retest reliability and respon-
siveness of the d-ARAT.

System Usability Scale
The System Usability Scale (SUS) provides a quick and
reliable tool for measuring the perceived usability of any
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Table 3 Study procedures

Participation in project 1: assessments

Participation in both projects: assessments and practice
using the AO-MI module

Baseline assessment
Written consent and eligibility check
» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» EQ-5D-5L.

TO assessment

» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» SUS.

T1 assessment

» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» PGIC.

» SUS.

First visit

Second visit

Third visit

Baseline assessment
Written consent and eligibility check
» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» EQ-5D-5L.

TO assessment

» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» SUS.

Eight training sessions at Reha Rheinfelden
using the BMT including the new AO-
MI module

1st visit

2nd visit

3rd to 10th visit

10th visit T1 assessment

» BBT.

» ARAT and d-ARAT.
» CAHAI9.

» EQ-5D-5L.

» PGIC.

Eight training sessions at Reha Rheinfelden
using the BMT including the new AO-MI
module

11th to 18th visit

18th visit T2 assessment

» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» EQ-5D-5L.

» PGIC.

Follow-up assessment
» BBT.

» ARAT and d-ARAT.
» CAHAI 9.

» EQ-5D-5L.

19th visit

TO, pre-additional training (TO also applicable for patients without additional training.

TH1, after eight additional training sessions.
T2, post-test after 16 additional training sessions.

AO, action observation; ARAT, Action Research Arm Test; BBT, Box and Block Test; BMT, Bi-Manu-Trainer; CAHAI 9, Chedoke Arm and Hand
Activity Inventory V.9; d-ARAT, digital Action Research Arm Test; EQ-5D-5L, EuroQol 5-Dimension Questionnaire with 5-level Scale; MI, motor
imagery; PGIC, Patient Global Impression of Change; SUS, System Usability Scale.

system,” and is a simple, 10-item attitude Likert scale
giving a global view of subjective assessments of usability.
It consists of a questionnaire with five response options for
respondents; from strongly agree to strongly disagree.™
It can be used on small sample sizes with reliable results
and can effectively differentiate between usable and unus-
able systems.” ** Furthermore, it is quick and easy for
study participants to complete and for administrators to
score.” In the described study, the SUS will be deployed
to assess the patients’ judgement of the usability of both
new BMT modules.

Secondary outcomes

Box and Block Test

Change in hand dexterity is one of the secondary
outcomes of interest. Numerous tests for manual
dexterity have been developed, for instance, the BBT.”” %
The BBT is a quick, simple and reliable measurement
of manual dexterity and its administration procedure
is standardised.”® It consists of moving the maximum
number of blocks one by one from one compartment of
a box to another of equal size within Imin.” It is often
assessed in rehabilitation since it is an essential feature
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Table 4 Description of the action observation and motor imagery (AO-MI) practice

Item

1 Brief name
2 Why

3 What
materials:

4 What
procedure:

5 Who
provides

6 How
7 Where

8 When and
how much

9 Tailoring

Bi-Manu-Trainer (BMT) with the new software module for AO and Ml tasks.

BMT and conventional training both seem to have a similar effect on hand dexterity in patients with chronic
stroke. Such training in combination with integrated AO and MI might increase motor function recovery and has
not been investigated so far in terms of feasibility and efficacy.

Patients will sit in front of the BMT screen (see figure 1). They will wear hand gloves with attached sensors to
measure finger movements of the thumb, index finger, middle finger, wrist (bending, extending) and lower upper
limb (pronation, supination). Movements will be displayed on the screen in real time. The type of movement that
needs to be practised by the patient depends on the individual kind of motor dysfunction and will be carried out
in different available serious games available for the BMT. The new module now allows for an automatic insertion
of AO and Ml tasks.

The BMT system comprises several training applications/serious game environments at different levels of
difficulty. A more detailed description of the BMT training and the evaluation of its efficacy can be found
elsewhere.’

The procedure is as follows:

Action Observation

Initially, there will be a visual depiction of the exact and correct hand movement on the screen which the patient
is requested to perform in the selected training. These depictions will be generated on the basis of animations
of different hand movements that can be practised using the BMT. This comprises different movements from
unilateral single finger flexion and extension to combined bilateral hand supination or pronation and flexion or
extension.

Motor Imagery

Following the AO-task, the patient will be asked to imagine performing the same movement using the
kinaesthetic motor (internal) imagery strategy. Using this Ml strategy, the participant tries to imagine performing
the movement with all the sensory consequences from a first-person perspective. On termination of the
imagined movement, the patient is requested to indicate by pushing the space bar that the imagined movement
is finished. This procedure will be repeated again once or two times according to the predefined settings.
Afterwards the BMT session will be continued as before the AO-MI task insertion.

The training sessions will be guided by experienced physiotherapists or occupational therapists, movement or
sport scientists who are experienced in the treatment of patients in neurorehabilitation.

The training will be conducted individually in one-to-one sessions.
The training will take place in the therapy or in the research department of a Swiss rehabilitation clinic.
Patients will receive 16 sessions lasting 45 min each within 6 weeks.

Training content will be tailored to individual preferences and movement impairment.

Table 5 Overview of outcome measures

Measurement events Outcomes
Assessment Abbreviation BL TO T1 T2 FU Primary Secondary
Conventional Action Research Arm Test ARAT X X X X
Digital Action Research Arm Test d-ARAT X X X
System Usability Scale SuUS X X X X X
Box and Block Test BBT X X X X X
Chedoke Arm and Hand Activity Inventory (nine- CAHAI 9 X X X X X X
item version)
EuroQol 5-Dimension Questionnaire with 5-level EQ-5D-5L X X X X X
Scale
Patient Global Impression of Change PGIC X X X X

Only patients with additional training will partake in T2 and FU measurements.
BL, baseline; FU, followup 2 months after end of training; TO, pre-additional training (TO also applicable for patients without add. training; T1,
aftereight additional training sessions; T2, post-test after 16 additional training sessions.
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of upper limp.” The BBT has been used in patients after
stroke, in patients with multiple sclerosis and traumatic
brain injury.”’ It is a reliable and valid assessment tool,
provides normative data for healthy adult individuals and
is frequently used in research and rehabilitation of both
children and adults."!

Chedoke Arm and Hand Activity Inventory

Upper limb activities of daily living (ADL) function is
planned be assessed using the CAHAI V.9. The CAHAI
was introduced to include relevant functional tasks and to
be sensitive to clinically important changes in upper limb
function.* Itis a validated upper limb measure that uses a
seven-point quantitative scale in order to assess functional
recovery of the arm and hand.*” The CAHAI scores repre-
sent the patients relative ability to independently perform
stabilisation or manipulation in ADL with the affected
upper limb.** A score of 1 represents total dependence
on another person, and a score of 7 indicates patient’s
independence without time or safety concerns or neces-
sary splints or devices. A high interrater reliability and
convergent and discriminant cross-sectional validity were
established for the CAHAI"** and it was found to be more
sensitive to clinically important change than the ARAT.*

EuroQol 5-Dimension Questionnaire with 5-level Scale
Participants’ quality of life will be assessed using the
EuroQol 5-Dimension Questionnaire with 5-level Scale
(EQ-5D-5L) questionnaire.46 " The EQ-5D is an instru-
ment for the evaluation of quality of live.* It is based on
a descriptive system that defines health in terms of five
dimensions: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression and was designed to
measure decrements in health.* The EQ-5D is a stan-
dardised instrument for measuring the generic health
status and was first introduced in 1990.*° It has been
demonstrated that it is reproducible and valid on the eval-
uation of quality of life in patients with post-stroke.* The
questionnaire is already translated into several languages,
is frequently used and has shown internal consistency
when applied to a general population and to groups of
patients with various diseases.”

Patient Global Impression of Change

The self-report measure Patient Global Impression of
Change (PGIC) reflects a patient’s belief about the effi-
cacy of treatment.” Tt is widely used and aims at evalu-
ating all aspects of patients’ health and determining if
there has been an improvement or not. PGIC ratings
are increasingly being used as ‘gold standard’ in order
to assess clinically important change in different condi-
tions.”®™* The patient has to select the one response from
the response options on a seven-point scale that gives the
most accurate description of the state of health which
thus reveals the patient’s rating of the overall improve-
ment.”! ® Possible ratings are ‘very much improved’,
‘much improved’, ‘minimally improved’, ‘no change’,
‘minimally worse’, ‘much worse’ or ‘very much worse’.

Determination of sample size

Project 1

In order to determine an adequate sample size for testing
the psychometrics, we assessed the available literature on
the ARAT. It has been reported to be valid," **°%7® reli-
able ! 57 and sensitive to change.”*' The number of
included patients for the estimation of the validity coeffi-
cients varies between the cited publications from 12 to 59.
However, Hobart et al found that validity estimates would
generally be stable in samples n=80, for 75% of scales in
samples of 40 subjects and for 50% of scales in samples
of 20.% They also stated that sample sizes of a minimum
of 20 for reliability provided highly representative esti-
mates.®? Thus, after consideration of the available liter-
ature and project constraints, we decided to include 75
patients in order to check for the validity of the d-ARAT
module and the other objectives of project 1 (table 1).
Of these 75 patients, 30 are planned to additionally prac-
tise on the AO-MI module in project 2.

Project 2

Further, as it is not intended in the course of this study
to apply confirmatory statistics for the evaluation of the
AO-MI module a sample size calculation by conducting a
power analysis is also not envisaged for project 2. Substan-
tial and reliable data on the effect of BMT practice in
adults have notyet been published. Therefore, the sample
size determination for project 2 had to rely on according
available literature on pilot and feasibility study method-
0logy.”"" We decided on that basis to include 30 patients
into project 2 which aims to evaluate the practice on the
AO-MI module.

Statistical analysis

Primary study objectives

A core part of the study is to assess whether the d-ARAT is
avalid measurement tool and whether it thereby provides
the possibility of accurately evaluating upper limb motor
function. As mentioned above, the ARAT has repeatedly
been validated before by comparing it to different assess-
ments like the Fugl-Meyer Stroke Assessment.'” Thus,
we decided to assess the concurrent validity of the new
d-ARAT by comparing its score to the score of the conven-
tional ARAT which will also be assessed at the same
measurement events. Validity measures will be evaluated
using the Pearson’s correlation coefficient (r)"* which
will be considered to indicate high correlation between
the conventional ARAT and the d-ARAT and thus a good
concurrent validity in case it is greater than 0.75.”" With
regard to the evaluation of the usability of both modules,
the analysis of the SUS data and the categorisation of
the results will be performed on the basis of descriptive
statistics.

Secondary study objectives
The intraclass correlation coefficient (ICC) is planned to
be used to evaluate test-retest reliability of the d-ARAT
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assessment module. The ICC has been widely used
in conservative care medicine to evaluate interrater,
test-retest and intrarater reliability.72_78 For test-retest
reliability studies, it was proposed to choose a two-way
mixed-effects model along with an absolute agreement
definition.” The latter form of ICC will accordingly be
used in this study based on the mean of several measure-
ments. Furthermore, two different approaches of respon-
siveness recommended by Crosby et al will be applied:

Criterion-referenced change (or anchor-based methods)

and precision-referenced change (or distribution-based

methods).*” For the criterion-referenced change, the
d-ARAT change scores will be compared with the BBT
change scores using Pearson’s correlation coefficient

(r). The precision-referenced change will be analysed

by calculating the minimal detectable change. The stan-

dardised response mean will be calculated as the ratio of
observed change and its SD, which serves as an indicator
for the magnitude of change.®

The feasibility of implementing the described prac-
tice using the AO-MI module into the BMT training and
the use of the digital assessment will be reported using
descriptive statistics. This will comprise several outcomes.

1. Recruitment rate: It will be considered good if more
than 85% of the patients addressed partake in the trial.

2. Eligibility criteria: The applied criteria can be seen as
adequate when the selected patients are able to par-
take in the assessments and also in the intervention if
applicable. It is necessary to evaluate whether the crite-
ria a too inclusive or restrictive.

3. Drop-out rate: A number of less than 15% of the pa-
tients leaving the trial will be regarded as good.

4. Adherence: A participation in at least 80% of the prac-
tice sessions will be considered good. As soon as a pa-
tient misses one-third of it the respective data will be
analysed separately.

5. The treatment effect will be calculated using Cohen’s d
which is the standardised mean difference in order to
perform a sample size determination for a randomised
controlled trial.

Dissemination policy

The study personnel will adhere to an open access policy:

» The trialists intend to publish the study protocol and
the study results in international open access journals
to provide easy access to the study documents for all
interested readers.

» The study is registered in an international open access
clinical trial database (ClinicalTrials.gov Identifier:
NCT03268304).

» As the study progresses, its methods and preliminary
results will be presented at national and international
congresses and workshops.

» After study finalisation and data analyses, all study
patients will receive a plain language summary of the
study results.

Involvement of professional writers is not intended.

No restrictions will be placed on the publication of

positive or negative results. Though it is actually not
a randomised trial, the study results will be reported
in accordance with the guidelines set forth in the
2010 Consolidated Standards of Reporting Trials
(CONSORT) .

Criteria for halting the trial

At present, the commercial BMT system has been used for

more than 5 years with numerous patients (children, adults)

in different acute hospitals and rehabilitation clinics. So far,
no adverse events have been reported. However, this study
will be halted if any of the following criteria are fulfilled:

» More than three patients report a sudden onset of or
increase in shoulder pain during or just after therapy
that is highly likely to be attributable to the use of the
BMT, and which does not immediately cease after
stopping.

» More than 25% of the patients report severe cyber-
sickness during BMT training which persists after
training is halted.

» Epileptic seizures in at least two patients are induced
directly while using BMT.

Patients reporting the criteria mentioned above will be
evaluated by the physician on duty and will be assessed and
followed up for the originally planned study duration.

Patient involvement
Patients were not involved in the design of this study.

DISCUSSION

The aim of the described study is to examine two newly devel-
oped software modules for the BMT training device which is
already being used in clinics and rehabilitation centres. First,
the new d-ARAT assessment module developed on the basis
of the established ARAT will be evaluated with respect to its
validity, usability, reliability and responsiveness (project 1).
Second, the other module which is planned to integrate AO
and MI into the BMT system will be checked for its usability,
applicability and its feasibility (project 2). Both modules are
intended to enhance the BMT system in terms of its func-
tionality and usability also with regard to an individual home
use. The individual use could be a small part of the answer
of how to deal with the possibly growing number of patients
in the future who may need neurorehabilitation training
especially when individual care cannot be provided in suffi-
cient quantity and quality. Changing living and working
conditions and an improved health-related behaviour are
as well leading to an increase in the portion of the popu-
lation accounted for by the elderly. Therefore, the number
of people with disabilities or chronic diseases is constantly
rising and the consequences of an altering age structure
need to be coped with in particular in the health sector.
The rehabilitation technology industry is rapidly evolving
and the training systems are constantly enhanced to gain an
increased efficacy and usability, and to get well applicable
also in home use. The currently planned developments for
the BMT system are in line with that process. The results are
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intended to be used for the evaluation and for supporting
the further development and optimisation process of the
software and therefore for the patients’ use. The trial will
also presumably contribute knowledge concerning the
application of relatively new rehabilitation methods such as
AO and MI tasks within rehabilitation training using a virtual
environment. It is further intended to provide hints on the
feasibility and the limitations of a digital motor assessment
module. It can be assumed that such a system entails advan-
tages and disadvantages. Obviously, the software algorithm
for judging the different movement tasks will be completely
objective which prevents a variability of the achieved scores
due to interindividual and intraindividual differences of
the judging person. On the other hand, the level of preci-
sion of the sensors might have an influence on the validity
of the new module. However, the successful completion of
the planned software development could possibly enrich the
range of available assessment and rehabilitation options.

Dissemination

All dissemination will be undertaken using the CONSORT
Statement recommendations. Results will be published in
peerreviewed journals and at conference presentations.
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