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Consideration-of-concept of EvolvRehab-Body for upper limb virtual rehabilitation
at home for people late after stroke

Abstract
Objective: EvolvRehab-Body is a non-immersive virtual rehabilitation system that could
provide high-dose, exercise-based upper limb therapy after stroke. This consideration-of-
concept study investigated: adherence rate to prescribed repetitions; viability of repeated
measures in preparation for a dose-articulation study; and preliminary signal of potential
benefit. Methods: pre-post and repeated measures with people at least six months after
stroke. Twelve-week intervention: exercise-based therapy via EvolvRehab-Body. Pre-post-
intervention measures: Wolf Motor Function Test (WMFT); hand grip force. Repeated-
during-intervention measures: Motricity Index (M) and Action Research Arm Test (ARAT).
Analysis: adherence rate (%) to set repetitions; percentage of total possible measures
collected; pre-to-post-intervention change estimated in relation to published minimally
detectable changes of WMFT and hand grip force; and slope of plotted data for MI and
ARAT (linear regression). Results: Eight of twelve participants completed the 12-week
intervention phase. Adherence: 87.5% (1710 to 9377 repetitions performed). Viability
repeated measures: 88 of 96 (91.7%) ARAT and Ml scores collected. Preliminary signal of
potential benefit was observed in five participants but not always for the same measures.
Three participants improved WMFT-time (-7.9 to -27.2 seconds/item), four improved
WMPFT-function (0.2 to 1.1 points/item), and nobody changed grip force. Slope of plotted
data over the 12-week intervention ranged from: -1.42 (p=0.26) to 1.36 (p=0.24) points-per-
week for Ml and -0.30 (p=0.40) to 1.71 (p<0.001) points-per-week for ARAT. Conclusion:
Findings of good adherence rate in home settings and preliminary signal of benefit for some
participants gives support to proceed to a dose-articulation study. These findings cannot

inform clinical practice.
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Contribution of the article

= Adherence to prescribed exercise plan was 87.5% (1710 to 9377 repetitions) performed over a 12-
week intervention period

= A dose-articulation study of EvolvRehab-Body is now required

= Findings of this study cannot be used in clinical practice as this is early phase research

Keywords: Virtual Rehabilitation, Virtual Reality, User-led design, Stroke.
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Introduction

Further improvements in motor recovery (reduction in motor impairment) after stroke
could be achieved with higher doses of evidenced-based therapy [1,2]. Delivery of higher
doses is often not realised in routine practice or efficacy trials [3,4] but could be achieved
using virtual reality technology as an adjunct to in-person therapy [5-7] to reduce motor
impairment [8].

Notably, meta-analysis indicates that VR systems specifically developed for stroke
rehabilitation have greater benefit than commercially available systems designed for the
general population such as the Wii device [7]. This may be because VR systems specifically
designed for rehabilitation utilise more of the principles of stroke rehabilitation [2] than
‘general population” systems [7]. In particular, the capacity to deliver evidenced-based
rehabilitation that is meaningful, repetitive and with relevant feedback [9]. But of key
importance is the need to use VR systems in peoples’ homes where most rehabilitation takes
place. Many VR systems are tested in laboratory environments, e.g., [10,11], and findings
may not be transferable to home settings. For example, in laboratory environments there is
precise control of lighting, exclusion of objects except for the participant from the field of
view and expert assistance available for resolution of technical challenges. Essentially, home-
based VR systems need: to be specifically developed for stroke rehabilitation; to provide
evidenced based rehabilitation; provide relevant feedback; and to be useable by people with
stroke in their own homes when expert assistance is not physically present.

These requirements for home-based VR rehabilitation systems are met by the non-
immersive EvolvRehab-Body, a class 1 CE marked medical device that delivers upper limb
exercise-based therapy (Evolve Rehabilitation Technologies, Spain; figure 1). The version of
EvolvRehab-Body investigated in this study consisted of a laptop computer connected to a

Microsoft Xbox Kinect V2 (Microsoft Corporation, USA) and a LEAP hand motion device
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(LEAP motion inc, USA). Users” movements were detected by the Kinect and replicated, in
real-time, by an on-screen avatar. The software consisted of assessments, exercises, and
exergames that the developer reports were designed with advice from clinical therapists (see

https://evolvrehab.com/evolvrehab/evolvrehab body/). Personalised exercise-based

rehabilitation prescriptions were creatable and updatable using a ‘therapy editor’ to ensure
continued challenge in adherence to the principles of stroke rehabilitation [2].

The commercially available EvolvRehab-Body requires testing for clinical efficacy.
But, before clinical efficacy of EvolvRehab-Body can be evaluated in a randomised
controlled trial it is important to identify the optimal therapeutic dose [8,12] using
pharmaceutical study designs for dose-articulation [13,14]. And then, even before dose-
articulation can be conducted it is important to investigate consideration-of-concept [12,15]
of EvolvRehab-Body for intended use in the homes of people with stroke. Investigation of
consideration-of -concept of EvolvRehab-Body as the first step of research evaluation
adheres to the stroke recovery trial development framework [12]. Stroke rehabilitation
research also requires investigation of the relative contributions of motor recovery (reduction
of motor impairment) and behavioural substitution (compensation for loss of neuromotor
function) [16]. Consequently, it is important to measure motor impairment objectively with
surface electromyography (SEMG) to identify appropriate muscle activation [17] in addition
to clinical scales that are more subjective [18]. Therefore, as part of this consideration-of-
concept study, it is important to assess the feasibility of using SEMG for people with stroke in
their own homes.

The objectives of this study were to:
1. find if people with stroke adhere to ‘prescribed’ use of EvolvRehab-Body over a 12-week

period.
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2. assess the viability of making repeated measures of motor impairment and functional
capacity during the intervention period to inform design of a subsequent dose-finding
study.

3. provide preliminary information on the possibility that EvolvRehab-Body could, in a
subsequent study, reduce motor impairment and increase functional capacity.

4. explore the feasibility of using surface electromyography (SEMG) for measures of muscle
activity impairment in a subsequent dose-finding study based in the homes of people with

stroke.

Materials and methods
Design and ethics

This study used a repeated measures design with a randomised duration (one to four
weeks) of a baseline period. Outcome measures were made at the end of a 12-week
intervention period (objectives 1-4). This design was used to explore whether a subsequent
dose-articulation study would be able to use a randomisation to multiple baselines of different
time durations, combined with, repeated measures during an intervention period.

Ethical approval was received from the UK National Research Ethics Service (ref

233548 18/L.0/0562) who then placed a summary of the protocol on the Health Research

Authority (H RA) website (https://www.hra.nhs.uk/pIanninq-and-improvinq-research/application-summaries/research-

summaries/upper-limb-stroke-rehabilitation-via-the-virtualrehab-platform-vl/). Upon a later request from the HRA the
study was registered on ClinicalTrials.gov (NCT04517812). All participants provided

informed consent.

Participants
Participants were people with stroke recruited through their general practitioner

practice and a convenience sample of ten adults with no neurological damage (healthy adults)


https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/upper-limb-stroke-rehabilitation-via-the-virtualrehab-platform-v1/
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/upper-limb-stroke-rehabilitation-via-the-virtualrehab-platform-v1/
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recruited through posters. People with stroke were adults (18+ years) six months or more
after a stroke. All were able, with their more paretic upper limb to score at least 19/33 on the
elbow/shoulder section of the Motricity Index [19] but unable to complete the Nine Hole Peg
Test [20] in 50 seconds or less. This was to ensure that participants had ability to produce
voluntary contraction of paretic muscle and had potential for improvement. Prior to the
stroke, they could use the more paretic upper limb to pick up a cup and drink from it. They
had space in their home for EvolvRehab-Body sensors to detect movement i.e., able to set up
the Kinect 150-250cm in front of the participant on a flat stable surface 80-120cm above the
floor without interference from vibration (e.g., speakers) or light (e.g., mirror reflection). All
were able to follow instructions for this intervention (could play the ‘boxing game’ with their
less paretic upper limb) and were fit to participate in the exercise-based intervention as
assessed by a resting heart rate of no more than 90 beats-a-minute and a systolic blood
pressure of 140mmHG or less.

Healthy adults (18+ years) reported that they had no clinical diagnosis of stroke,
epilepsy or another neurological pathology. These participants acted as a preliminary
reference group for the SEMG measures.

Procedure

The duration of the baseline period was allocated via a randomised sequence
generated before the study began by a researcher independent of the study team. After a
participant had completed baseline-one measures an administrator opened the next sealed
opaque envelope in the numerical sequence to reveal the duration of the baseline period
during which participants did not use EvolvRehab-Body. At the end of the baseline period
the measures were repeated (baseline-two). Participants then used EvolvRehab-Body in their
own homes during the 12-week intervention phase and undertook progress measures weekly.

At the end of the intervention phase the outcome measures were conducted.
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Healthy adults completed SEMG measures once in a movement analysis laboratory, to
provide a preliminary estimate of reference values. They did not use EvolvRehab-Body.
Intervention

At the beginning of the intervention phase EvolvRehab-Body was set up in stroke
participants’ homes. Training was provided by the first author (Researcher) to ensure that
participants could use EvolvRehab-Body. Participants were given the Researcher’s contact
details.

A personalised exercise programme was created for each participant by the Researcher
in consultation with a member of the study team who was an academic registered
physiotherapist. The personalised training programme consisted of a combination of the
exercises and exergames that addressed participants’ identified movement challenges. All
participants were allocated the ‘rowing’ and the ‘boxing’ game as a standard element.

In the first week of the intervention period, participants were advised to use
EvolvRehab-Body for 10-minutes on six days. Thereafter they were asked to undertake their
training programme for up to one hour a day, six days a week. Adherence to prescription was
recorded by EvolvRehab-Body (number of days used, exercises/exergames completed,
number of repetitions performed). This information and participants’ views were provided
regularly to the study physiotherapist to enable appropriate adjustments to the prescription.

At the end of the first week, and each subsequent week, the Researcher visited the
participant to ensure the participant had no problems using EvolvRehab Body, and undertake
progress measures.

Outcome measures (baseline 1, baseline 2, outcome)

Ability to contract paretic upper limb muscles (motor impairment) was measured

through hand grip force with the Jamar hand dynamometer (JLW Instruments, Chicago)

placed in a purpose-made stand placed on a stable surface. A participant’s paretic upper limb



201  was positioned on the surface with elbow at 90° and hand around the bars. Participants were
202  instructed “squeeze as hard as you can” [3]. Three hand grips were performed with each upper
203  limb. The mean of the three trials was used for analysis.

204 Functional capacity of the upper limb was measured using the Wolf Motor Function
205  Test (WMFT) [21]. The 15-item test is scored as time (seconds) to complete each item

206  (WMFT-time) with ‘quality’ of movement scored from 0 to 5 (WMFT-function).

207  Weekly progress measures

208 To minimise possibility of a learning effect from undertaking repeated outcome

209  measures, different weekly progress measures were used. Motor impairment was measured
210  with the Motricity Index upper limb section [22,23]. Upper limb functional capacity was
211  measured with the Action Research Arm Test (ARAT) [24].

212 The probe measure used to test the feasibility of using SEMG (Trigno™, Delsys Inc)
213  was the percentage of a standardised reach-grasp-retrieve task at which peak muscle

214  activation occurred. Sensors were placed in accordance with the SENIAM guidelines

215  (http://www.seniam.org) on the skin over_the more and less affected: Deltoid, Biceps Brachii,
216  and Triceps. A sensor was placed over Flexor Carpi Radials to collect accelerometer data that
217  marked phases of the task. Details of the task and data processing are provided in Box 1 of
218  the online supplement.

219  Analysis

220 To assess adherence to prescription (objective 1) the percentage of days that

221  EvolvRehab-Body was used by a participant was calculated (duration [25]). Also calculated
222  was the number of repetitions performed as a percentage of those prescribed. The number of
223  repetitions performed by each participant each week was analysed using linear regression

224 (Graph Pad Prism 9, GraphPad Software, San Diego) to summarise slope over time for each

225 individual [26,27].
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To assess viability of undertaking repeated measures (objective 2) the percentage of
the total possible measures obtained during the intervention phase was calculated per
measure.

To obtain initial information about possible benefits, signal of proof-of-concept,
(objective 3) change of WMFT and grip force scores from baseline one and from baseline two
were interpreted in relation to published minimal detectable change scores (MDC). The
MDCs used were: 5.7s per item for WMFT-time [28,29], 0.2 points per item for WMFT-
function [28,29], and 7.8Kg for grip force [30]. Also, to describe how progressive change
over the intervention phase might occur in a subsequent study, the data for ARAT and Ml
were plotted (Graph Pad Prism 9). Then linear regression was used to provide preliminary
estimates of (measurement) slope over the intervention period [26,27,31,32]. Statistical
inference was not used to assess benefit or otherwise. However, a p-value of < 0.05 was used
to support visual interpretation of whether the slope for an individual could differ from zero.
Potential stability of the slope was estimated with the R-squared value [31].

The feasibility of using SEMG to make measures of muscle activity in the homes of
people with stroke (objective 4) was assessed in two ways. The number of weeks SEMG data
was collected for each participant was calculated as a percentage of the 12 possible measures
per upper limb. The number of weeks when data was of sufficient quality to derive a value
for the probe measure was calculated as a percentage of the 12 possible measures per upper

limb. Acceptable level of data collection was set as 75%.

Results
Participants and baseline
The characteristics of participants are provided in table 1 so only a summary is

provided here. The ages of people with stroke (n=12) ranged from 56 to 93 years and time

10
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since stroke ranged from 10 to 71 months. Healthy adults (n=10) had a mean (SD, range) age
of 36.9 (13.5, 26 to 64) years.

There were four participants who did not complete the study. VRO1 withdrew after
baseline because of challenges with EvolvRehab-Body. A company representative eliminated
the challenges before the next participant was recruited. VVR03 became ill after baseline one
and therefore withdrew. Two participants were withdrawn by the research team because of
inability to contact after providing informed consent (VR08) and repeatedly declining
measurement appointments (VR11).

The baseline period ranged from 29 to 75 days (table 2). None of the nine
participants who completed both measures on both baselines were able to keep to the
allocated length of time because of holidays and other commitments.

Adherence to prescribed use (objective 1)

Three of the eight participants who completed the intervention phase used
EvolvRehab-Body on all 72 days of the intervention period (table 3). Indeed, two participants
exceeded 72 days. Over the intervention period, participants performed between 1,710 and
9,377 repetitions of their prescribed exercises (Table 3). The adherence rates ranged from
46% to 121% (mean of 88%). One participant (VR06) requested that a large number of
repetitions were set but only achieved a 46% adherence rate (9,377 of 20,517). Only one
participant (VR04) showed a decrease in repetitions over time (p=0.03). All other
participants increased number of repetitions over time (Table 3, supplementary Fig 1).
Viability of repeated measures in a subsequent dose-finding study (objective 2)

Eight participants completed the intervention phase. Four participants completed
ARAT and MI measures on 10 weeks and four on all 12 weeks (supplementary Figs 2 and 3).
Therefore, for the ARAT and M1 scores 88 of the possible total of 96 (92%) were collected.

Initial information about possible benefits (objective 3)

11
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Change from baseline to outcome (table 3)

Three of seven participants showed change of at least the MDC for WMFT-time. For
WMFT-function four of the seven participants showed improvement of at least the MDC.
However, no participant showed change of at least the MDC for grip force.

Progressive change over the 12-week intervention period

The actual values obtained for the M1l and ARAT scores are provided in graphical
form in the online supplement (supplementary figs, 2 and 3). Table 4 provides the synthesis
of the slopes and stability of Ml and ARAT scores over the 12-week intervention period.

For repeated measures of the ARAT the slope (p-value), ranged from -0.30 (p=0.397))
points per week for VR10 to 1.71 (p<0.0001) points per week for VR02 (table 4).

The slope of repeated M1 scores ranged from -1.42 (p=0.262) points per week for
VRO09 to 1.36 (p=0.24)) points per week for VRO7 (table 4).

Feasibility of SEMG to measure muscle activity (objective 4)

The number (percentage) of weeks SEMG data was collected for each participant is
provided in Table 5. In summary, the SEMG data collected was 91% of that possible during
the intervention phase. This was above the 75% acceptability level. Also provided in Table 5
is the number (percentage) of weeks when data was of sufficient quality to derive the probe
measure of percentage of task when peak SEMG occurred. For the less affected upper limb
79% of the total possible measures were produced but only 35% for the more affected upper
limb. This was because it was not always possible to identify the inflection points in the
accelerometer signal for the more affected upper limb (figure 2).

The actual values collected from healthy volunteer participants (control) for
percentage of task at which peak SEMG occurred are provided in supplemental Table 5. The
data for stroke participants was plotted in the context of the mean control values + 1SD for

the healthy adults dominant and non-dominant upper limbs (supplementary figures 4-11).

12
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These data are provided as supplementary files for completeness of reporting only. No
inferences about efficacy of EvolvRehab-Body can be made from these data not least because
the reference values are imprecise because of the small number of healthy adult participants.
Discussion

The findings of this study provide sufficient signal of potential benefit in some
individuals. Thus, supporting continuing research into use of EvolvRehab-Body in the
homes of people with stroke to enhance delivery of evidenced-based exercise-based therapy.
The mean adherence rate of people with stroke to the prescribed exercise programme was
87.5% and they performed between 1,710 and 9,377 repetitions (objective 2). Repeated
measures of motor impairment and functional capacity were found to be viable for use in a
subsequent dose-finding study (objective 3) and preliminary information has been provided to
support the possibility of benefit in a subsequent study (objective 4). Finally, collection of
SEMG data is feasible in the homes of people with stroke and derivation of the probe
measure is acceptable for the less affected upper limb (objective 5). However, derivation of
the probe measure did not reach the acceptable level for the more affected upper limb because
identification of the inflection points in the accelerometer signal was challenging (objective
5). These findings strengthen the potential for robust evaluation of the delivery of stroke
rehabilitation via EvolvRehab Body, within the homes of people with stroke [33,34].

Interestingly, seven of eight stroke participants in this study increased the number of
repetitions completed over a 12-week intervention phase. Notable is the number of
repetitions of prescribed exercise that were performed by participants. This is higher than has
been reported for routine therapy [3,4,35] and supports earlier findings that VR has the
potential to increase intensity of therapy [32,36]. Whether this range of repetitions is the
optimal therapeutic dose requires further study especially as it cannot been assumed that

higher doses always produce better outcomes [37] although intensity is needed to drive
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neoplastic changes [1]. Subsequent dose articulation studies need to be conducted to identify
the optimum therapeutic dose using methodologies already developed for use in stroke
rehabilitation research [13,37]. Then the optimum therapeutic dose needs to be evaluated for
efficacy in a randomised controlled trial.

The study reported here is not the first investigation of use of a VR rehabilitation
device in the homes of people in the chronic phase after stroke (for example [38—40]).
However, these earlier studies have used shorter training durations of three weeks [38], four
weeks [40] and six weeks [39]. It is notable that this study was able to deliver a 12-week
intervention. Consequently, this study indicates that a subsequent dose-articulation study will
be able to investigate the optimal duration of training for best effect.

Of key importance is that this study has shown that it is possible to collect SEMG data
in the homes of people with stroke and derive a probe measure of muscle activity as required
to quantify sensorimotor recovery [41]. Although earlier studies of VR systems have made
measures of neuromotor function, they are often made in laboratory settings [10,11] and
maybe on only a subset of participants [38]. However, the probe measure derived in this
study, percentage of a reach-grasp-retrieve task at which peak SEMG occurred, does not
appear suitable for the more affected upper limb. The movement patterns used by people with
stroke meant that the inflection points in accelerometer data were not clearly discernible for
the more paretic upper limb. Further work is required to identify an accurate means of
detecting the onset and offset of task phases.

The limitations of this study are acknowledged. Measures were not undertaken by an
assessor masked (blinded) to the study purpose, a control intervention was not used, and
participants were aware of the intervention they undertook. In a clinical efficacy trial, all
these omissions would increase risk of bias. However, this was a consideration-of-concept

study and therefore not designed to provide evidence for use in clinical practice. Rather the
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purpose was to find whether there was sufficient signal of potential benefit to continue
research into EvolvRehab-Body and to explore whether a subsequent dose-articulation study
would be able to use a randomisation to multiple baselines of different time durations,
combined with, repeated measures during an intervention period. The findings of the present
study cannot be used to inform clinical practice but will be useful for subsequent research.

Another potential limitation to this study was that Microsoft has withdrawn support
for the Kinect V2. However, the developer has incorporated the new Microsoft Azure Kinect
into EvolvRehab-Body. The Azure Kinect is: half the size of the old Kinect; can be plugged
straight into a desktop or laptop computer; and uses state-of-the-art computer vision, speech
models and artificial intelligence sensors. Thus, the updated EvolvRehab-Body meets
participants’ request from Workstream One for a lighter, more portable, design.

A key strength of this study is that it investigated proof-of-concept of EvolvRehab-
Body which is an important step in the research pathway to dose-articulation studies and
eventually adequately powered efficacy trials [12,15]. This study has provided important
information to progress evaluation of EvolvRehab-Body with stroke participants with a mean
age close to the UK average and a sample size similar to previous early phase studies of other
VR systems [11] and larger than some others [10,32,34] . Importantly, this study also
highlights the EvolvRehab-Body’s potential for delivering stroke rehabilitation within the
home setting where the majority of stroke rehabilitation takes place at an intensity level
commensurate with driving beneficial neuroplasticity [1]. Especially as EvolvRehab-Body
worked reliably on 95% of intervention days.
Conclusion
Findings of good adherence rate in home settings to the set exercise and preliminary signal of
benefit for some participants gives signal of consideration-of-concept for EvolvRehab-Body

to proceed to a dose-articulation study. No inferences about efficacy of EvolvRehab-Body

15



375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

can be made from these data not least because the preliminary reference values are imprecise

because of the small number of healthy adult participants.

Ethical approval

Ethical approval was provided by the National Research Ethics Services (ref 233548

18/L0/0562). All participants provided written informed consent.
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531 Table 1. Participant characteristics
532

People with stroke (n = 12)*

Age in years: mean (SD), min-max

Sex: number (%) male

Months since stroke: median (IQR), min-max

More affected side: number (%) left

WMFT seconds/item more paretic: mean (SD), min-max

Grip force (Kg) more paretic (n = 10): mean (SD), min-max
Healthy adults (n = 10)

Age in years: mean (SD), min-max

67.5 (12.6), 53-93
6 (50.0)
20.0 (13.6-63.4), 10.0-70.6
5 (41.6)
41.4 (31.9), 5.2-82.4
4.3 (7.4),0.0-25.0

36.9 (13.5), 26-64

533  * one participant withdrew before baseline
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Table 2. Baseline length plus more affected Wolf Motor Function Test (WMFT) and Grip Force scores

at baseline 1 (B1), baseline 2 (B2) and outcome (Out)

Participant Days Mean WMFT-time Mean WMFT-function Mean Grip Force (Kg)
Bl to B2 (seconds per item) (points per item)

Bl B2 Out Bl B2 Out Bl B2 Out
VRO01 NA 10.8 2.3 #
VRO02 49 59.5 58.7 51.6% 8 2.1 2.1 2.2 0.0 0.0 0.0
VRO03 NA 46.4 2.3 5.0
VR04 30 21.8 13.1 2.9 3.1 0.1 #
VR05 35 91.3 88.7 64.1% 8 1.4 1.3 1.1%8 1.5 2.2 0.4
VR06 30 13.6 6.3 8.0 3.3 3.3 3.4 25.0 31.3 26.7
VRO07 75 42.8 53.1 40.98 2.3 2.0 2.48 2.7 3.0 5.0
VRO09 36 74.5 69.8 69.7 1.5 1.7 1.7% 0.5 1.0 2.0
VR10 37 7.7 7.5 3.8 3.9 3.3 4.4%8 3.0 3.6 5.0
VR11 37 82.4 83.0 1.1 1.2 2.0 1.3
VR12 29 5.2 5.7 5.5 3.2 3.2 3.3 3.0 5.3 7.3

VRO08 withdrew before baseline 1; VRO01 and VRO03 withdrew before baseline 2; and VR11 withdrew before intervention phase
# = participant fatigued; * = change of MDC or more from baseline 1; = change of MDC or more from baseline 2.
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Table 3. Participants’ adherence to ‘prescription’ of repetitions (reps) during the 12-week (72 day) intervention phase
and number of days on which EvolvRehab-Body did not work

Adherence to prescription (repetitions) Number of repetitions performed each week Days
Number (%) Number Number (%) 1 2 3 4 5 6 7 8 9 10 11 12 Trend over did not
of days reps reps time: slope work

platform used  prescribed performed (p- value)®
VRO2 75 (104) 2447 2478 (101) 40 195 294 316 266 228 223 152 170 196 140 258 05 (0.94) n=7
VRO4 60 (83) 2573 2150 (84) 189 195 234 195 195 195 234 169 99 165 175 105 -7.4 (0.03) n=2
VRO05 70 (97) 4205 3905 (93) 105 105 270 270 320 350 360 370 480 425 425 425 304 (<0.01) n=4
VRO6 33 (46) 20517* 9377 (46) 577 714 476 906 618 927 927 618 927 927 618 1142 30.1 (0.07) n=2
VRO7 56 (78) 5606 4404 (79) 225 365 312 425 255 352 448 272 287 415 498 550 17.3 (0.03) n=5
VRO09 72 (100) 2618 1710 (65) 0 60 0 260 280 172 258 129 129 86 192 144 8.2 (0.33) n=2
VR10 47 (65) 2013 2442 (121) 228 289 251 164 123 82 164 164 184 244 244 305 24 (069) n=3
VR12 78 (108) 4146 4616 (111) 78 243 245 378 336 401 413 436 515 530 474 567 365 (<0.01) n=2

Note: VR08 withdrew before baseline 1; VR01 and VRO03 withdrew before baseline 2; and VR11 withdrew before intervention phase

* = Participant requested a large number of repetitions; $ = linear regression
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Table 4. People with stroke: more paretic Action Research Arm (ARAT) and Motricity

Index (M) scores progressively over the 12-week intervention phase

Number of the Maximum Mean (SD?) score Slope of scores Variation from
12 possible possible score over the over 12 weeks slope (R-
measures 12 weeks (p-value)®© squared)

ARAT

VRO02 12 20.3 (6.9) 1.71 (0.001) 0.80
VR04 10 32.1 (3.5) 0.66 (0.015) 0.54
VRO05 12 4.0 (0.4) 0.03 (0.459) 0.06
VRO06 12 316 (3.6) 0.42 (0.164) 0.18
VRO7 12 > 9.0 (2.6) 0.21 (0.358) 0.09
VR09 10 9.4 (2.1) 0.29 (0.200) 0.20
VR10 10 355 (3.9) -0.30 (0.397) 0.09
VR12 10 36.5 (1.1) 0.07 (0.538) 0.05
MI

VRO02 12 69.8 (6.6) -1.00 (0.065) 0.30
VR04 10 79.2 (6.1) 0.51 (0.358) 0.11
VRO5 12 40.3 (7.2) -0.57 (0.369) 0.08
VRO06 12 80.3 (6.8) -0.17 (0.776) 0.01
VRO7 12 10 56.4 (7.6) 1.36 (0.024) 0.42
VR09 10 59.2 (11.6) -1.42 (0.262) 0.15
VR10 10 77.0 (3.7) -0.53 (0.098) 0.31
VR12 10 74.1 (4.4) 0.13 (0.781) 0.01

4 Standard deviation; ° Linear regression, slope with p-value; ¢ Statistical inference not made

about efficacy of EvolvRehab, but p-values used to support interpretation of change over time
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Table 5. Number (%) of the total 12-week intervention phase that SEMG data was
collected and the measure could be derived (percentage of task at which peak SEMG
occurred).

Number (%) of total possible 12 weeks

SEMG data collected Probe measure derived
Less affected More affected Less affected  More affected

VR02  Deltoid 12 (100%) 12 (100%) 10 (83%) 10 (83%)
Biceps 12 (100%) 12 (100%) 11 (92%) 10 (83%)

Triceps 12 (100%) 12 (100%) 8 (67%) 10 (83%)

VR04  Deltoid 10 (83%) 10 (83%) 6 (50%) 3 (25%)
Biceps 10 (83%) 10 (83%) 6 (50%) 3 (25%)

Triceps 10 (83%) 10 (83%) 6 (50%) 2 (17%)

VRO5  Deltoid 12 (100%) 12 (100%) 8 (67%) 0 (0%)
Biceps 12 (100%) 12 (100%) 9 (75%) 0 (0%)

Triceps 12 (100%) 12 (100%) 10 (83%) 0 (0%)

VRO6  Deltoid 10 (83%) 10 (83%) 8 (67%) 2 (17%)
Biceps 10 (83%) 10 (83%) 8 (67%) 2 (17%)

Triceps 10 (83%) 10 (83%) 8 (67%) 2 (17%)

VRO7  Deltoid 11 (92%) 11 (92%) 9 (75%) 3 (25%)
Biceps 11 (92%) 11 (92%) 8 (67%) 3 (25%)

Triceps 11 (92%) 11 (92%) 7 (58%) 3 (25%)

VR09  Deltoid 10 (83%) 10 (83%) 9 (75%) 1 (8%)
Biceps 10 (83%) 10 (83%) 9 (75%) 1 (8%)

Triceps 10 (83%) 10 (83%) 9 (75%) 1 (8%)

VR10  Deltoid 11 (92%) 11 (92%) 10 (83%) 7 (58%)
Biceps 11 (92%) 11 (92%) 10 (83%) 7 (58%)

Triceps 11 (92%) 11 (92%) 8 (67%) 7 (58%)

VR12  Deltoid 11 (92%) 11 (92%) 11 (92%) 5 (42%)
Biceps 11 (92%) 11 (92%) 11 (92%) 5 (42%)

Triceps 11 (92%) 11 (92%) 11 (92%) 5 (42%)

Totals 261 (91%) 261 (91%) 228 (79%) 102 (35%)




Fig 1. lllustration of EvolvRehab-Body
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Fig 2. lllustrative examples of accelerometer signals obtained from less affected and more affected upper limbs of people with stroke
performing the reach-grasp-retrieve task
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Note: A = example obtained from less affected upper limb, B-E = examples obtained from more affected upper limb

28



29



