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Abstract: In this work, the authors analyze virtual reality rehabilitation research on strokes in the past
8 years (2015-2022) from the perspective of Information Technology governance (how these initiatives
sustain and extend organization strategy), using the “Four Ares” technique that is widely used in
other sectors with a proven track record. Are we doing the right things? Are we doing them the right
way? Are we getting them done well? Are we getting the benefits? Methods: The bibliography was
exhaustively selected for evaluation considering these four questions, covering different aspects of
existing evidence on this topic. Results: Some evidence of positive outcomes in patients with a stroke
was found, and different approaches, types of measurement, platforms, and methods were analyzed
to discern the present situation of research and recommendations. Conclusions: Positive outcomes
on motor functions and on motivation and patient adherence to the treatment suggests this is an
interesting field to research and examine in the future. Homogeneity on research design and larger
samples are key to improving evidence and identifying the best strategies to use.

Keywords: stroke; virtual reality; virtual rehabilitation; IT governance; cerebrovascular disease;

exergaming

1. Introduction

The Global Burden of Diseases (GBD) in the adult ranking of the Institute for Health
Metrics and Evaluation (IHME) [1] finds that cerebrovascular diseases (CVD) are the second
most common diseases in the world, following Ischemic Heart Disease. Specifically, strokes
are the most common manifestation of this disease and are the major cause of severe
disability [2]. According to Maggio et al. [3], “a stroke can cause sensory, motor, and
cognitive deficits as well as a further dependence on the activities of daily living and a
decreased interaction in social and community events”.

According to the same IHME dataset, strokes represent 5.65% of total disability-
adjusted life years (DALYs) with a 0.46% increase from 2015 to 2019, the last year with
processed data. From these numbers, the contribution to global DALYs of people 50 or older
who suffered a stroke represents a total of 21.63%, while the age group below 50 accounts
for 3.6% of global DALYs.

By looking at deaths, CVD (and specifically strokes) are in second place with 11.59%
of total deaths based on the previous IHME dataset, so everything indicates that investing
in rehabilitation and the prevention of strokes should be an important action to improve
population health and make healthcare systems more sustainable [4]. Moreover, this type
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of disease is a great social, medical, and economic burden, so any intervention method,
including the use of new technologies, can be very important. On the other hand, disease
prevention, health promotion, and sustainability seem to be the main objectives that
strategies of healthcare services in the world are pursuing according to Williams et al. [5].

Given the high prevalence and impact of CVD on the population, and especially
strokes, we decided to analyze how the use of Virtual Rehabilitation (VR) can improve the
health outcomes of these patients. In addition, rehabilitation processes for these patients
are usually long, and rehabilitation at medical centers should be complemented with
rehabilitation at home, so the use of technology can be especially helpful in these cases.

On the other hand, the information technology (IT) governance approach will help us
to analyze outcomes from a results-based perspective, examining the impact and effective-
ness of technology on an organization. It should be noted that that the focus here is not on
the technology itself but rather on how it sustains and extends the organization’s strategy.

In this paper, we assess whether there is enough scientific evidence to integrate, in a
general way, the virtual reality rehabilitation for physical and cognitive intervention after
suffering a CVD. We first present the challenge that CVD constitutes for society with the
most recent data about DALYs and quality-adjusted life years (QALYs). We then review
the strategies that different healthcare services are adopting to reduce the disease burden,
and we carry out an information technology governance-based analysis to review how IT
is supporting and extending these strategies, improving rehabilitation, prevention, and
interventions to reduce the impact of this disease on patients’ lives.

This study, initially focused on publications from 2015 to 2019, and it was extended
to include the years 2020 and 2022 in order to incorporate the use of virtual reality in the
pandemic situation generated by COVID-19 and after, where these approaches have been
very useful [6] to maintain the intensity of treatment and permit patients to remain at home
as much as possible [7].

We therefore assess the IT contribution to these objectives using the IT governance
paradigm, using the “Four Ares” defined by John Thorp in his book The Information Para-
dox [8], one of the seminal works on IT governance, after reviewing the existing bibliography
about virtual rehabilitation for patients who have suffered a stroke. Few studies, to date,
have considered this type of approach in the study of the efficacy of virtual reality-based
brain injury treatment.

2. Materials and Methods

Using an IT governance approach, we started by asking four questions that are called
the Four Ares: (1) “Are we doing the right things?”, also known as the Strategy Question.
(2) “Are we doing them the right way?”, also known as the Architecture Question. (3) “Are
we getting them done well?”, which is the Delivery Question. (4) “Are we getting the
benefits?”, which is the Value Question.

The way to find out if we are really doing the right things in the right way and
completing them as well as realizing the benefits is to collect the information required to
answer these four questions. Taking this question into account, we decided to perform
a deep bibliographic review on the topic of virtual rehabilitation for patients who have
suffered a stroke.

The studies were identified by searching on the Scopus, PubMed, Web of Science,
Google Scholar, and Cochrane databases. All the studies that fulfilled our selected criteria
and were published between 2015 and 2022 were evaluated for possible inclusion. The
search combined the following terms: “virtual reality” AND/OR “stroke” AND/OR
“cognitive rehabilitation”; “virtual reality” AND/OR “neurological patients”; “virtual
reality” AND/OR “acquired brain injury” AND/OR “stroke”. We have only selected texts
in English and removed duplicates. All of the articles were evaluated according to the
title, abstract, and text. We included studies that examined virtual reality (VR) in several
neurological patients, excluding studies with less than 10 patients.

After these queries, we carried out the review as indicated in Figure 1.
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and abstracts (n=228)

A

related, traditional rehabilitation studies, VR
interventions for recreational purposes, etc.

(n=142) Studies included in final

review (n=86)

Figure 1. Review process diagram.

The inclusion criteria were: (1) studies published between 2015 and 2022, and (2) stud-
ies that used the keywords specified. The exclusion criteria were: (1) studies written in
a language other than English or Spanish; (2) studies that focused on healthy subjects;
(3) studies that did not include patients with strokes; (4) studies that did not use VR reha-
bilitation techniques or only used them for recreational purposes; (5) studies that had a
sample size of less than 10 patients or provided a very low level of evidence; (6) editorials;
and (7) studies that were only accessible as abstracts.

Finally, we used the selected 70 studies to obtain the answers to the four questions
mentioned above, providing a complete review of the current situation in the virtual
rehabilitation of patients with strokes, identifying the pros and cons together with some
recommendations for the successful implementation of these initiatives.

3. Results and Questions Analysis

The aforementioned four questions helped us to define the value return of IT applied
to the organization’s challenges. According to IT governance good practices, if the answer
to any of these questions is “no” or “partially not”, we should redesign our IT approach for
these challenges to align IT investment with organization strategy.

3.1. Strategic Question: Are We Doing the Right Things?

It has been mentioned that strokes are an important public health issue and can cause
severe brain damage and neurological consequences [9]. For instance, motor system deficits
occur in more than 55% of individuals who suffer them, decreasing quality of life [10] and
impacting daily living activities [11]. Moreover, cognitive deficits affect general functioning,
including alterations in memory, attention, and cognitive functioning, among others [9].
On the other hand, evidence of the positive effect of virtual rehabilitation in different fields
were found [12], even in the case of early detection of neurological diseases [13]. Evidence
of the benefits of exergaming and multisensory stimulation (stimulating at least two of the
visual, auditory, and somatosensory systems at the same time) shows promising results for
rehabilitation after a stroke [14].
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By looking at data from the last 8 years (2015-2022), we can affirm that, although many
injtiatives on virtual rehabilitation have been provided (a search for “virtual rehabilitation
stroke” on Google Scholar between 2015 and 2022 returns 34,300 results), an increase
of 32% of DALYs was observed from 1990 to 2019 according to the GBD 2019 Stroke
Collaborators [15]. There is evidence of the benefits of these virtual reality rehabilitation
solutions “as an adjunct for stroke rehabilitation with evident effectiveness for a variety of
platforms, training parameters, and stages of recovery” [16], and we found other papers
where the results were positive even when the game motivation rewards were moderate [17].
Nevertheless, in low and middle income countries, it could be a low-cost way to deliver
this kind of rehabilitation at home [3].

In 2001, Schulteis and Rizzo [18] defined the advantages that virtual reality could have
in rehabilitation (more realistic environments, stimulus control, and response measurement;
provide hazardous situations in a safe environment; personalized training environments;
consistency in training and assessment; and an increase in user motivation that should
provide more adherence), and they defined potential areas of application: cognitive ability
assessment, rehabilitation training, social retraining, education about managing the disease
for patients and their families or caregivers.

Improvements in different aspects like balance, gait, etc. were determined in other
studies such as Chen et al. [19], although we see later in this paper that evidence is not
always enough.

The work enumerated a list of cost-benefit questions about the appropriateness of the
VR approach as well as the transferability of the training to the real world and usability for
patients and clinical users, plus ethics.

Motivation and participation are also key, according to Maggio et al. [20], who re-
viewed studies published between 2010 and 2017 about the use of virtual reality on
stroke patients.

All previously cited sources confirm that strokes are clearly an important health
problem that healthcare systems should deal with and that the use of virtual reality environ-
ments for rehabilitation have a positive impact on patients, reducing costs and improving
accessibility to the health system without introducing relevant risks to the patients. [21].
Nevertheless, more evidence is needed, so we should evaluate the use of virtual reality
environments strategically, since, at the end of the day, everything indicates that these
systems can make healthcare systems more sustainable while maintaining quality.

3.2. Architecture Question: Are We Doing It the Right Way?

By looking at initiatives on virtual rehabilitation meta-analysis studies, augmented
feedback to patients, provided by exergaming solutions (playing video games intended
as a workout that requires rigorous physical exercise), facilitates individualized training
and exercising with higher intensity [22]. On the other hand, other studies [23] found that
virtual reality provides a more realistic, motivating, and meaningful context to the patient
and the immersive experience improves adherence [24].

Looking for scientific evidence, studies like TWIST [25] reached a large sample of
209 patients for 6 weeks using the Nintendo Wii™, concluding that the console was well
accepted but more expensive than arm exercises and the results were not superior [26].

The EVREST study, with 141 patients also using the Nintendo Wii™, this time for
two weeks, also concluded that no differences were found in motor rehabilitation between
simple low-cost recreational activities and innovative non-immersive VR technologies [27].
On the other hand, more recent studies carried out by Unibaso-Markaida et al. [28] found
that results were better for the Nintendo Wii™ intervention group than the control group,
particularly for attention and processing speed.

The challenge of proving that VR improves rehabilitation outcomes has been constant
since the beginning, although it still seems promising. In 2010, the pilot randomized
clinical trial carried out by Saposnik et al. [10] explained that VR therapy combined with
conventional therapy showed better outcomes, but that it could introduce a bias as the total
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time for rehabilitation increased with this combination. This is supported by more recent
studies such as Rodriguez-Hernandez et al. [29]. Later, the Cochrane systematic review by
Laver et al. [30] showed that sample sizes were generally small, and interventions used
different virtual reality devices and treatment goals. In the same Cochrane review, evidence
was rated as low quality according to the GRADE system (Grading of Recommendations,
Assessment, Development, and Evaluation). Despite this, the review found that a com-
bination of virtual reality and conventional therapies presented a statistically significant
difference for upper limb function compared to other approaches. What still needs to
be determined is whether the reason for these results is a higher dose of therapy or the
addition of VR therapy specifically.

Even in 2019, the work of Subramanian et al. [31] highlighted that the majority of the
studies were measuring the extent but not the type of motor recovery; and meta-analysis
from Lee et al. [11] showed that VR training was effective in improving motor function, but
that to obtain the effects the treatment should last 8 weeks or more.

On the other hand, according to Kober et al. [32], sometimes using a 3D scenario
instead of a standard 2D scenario could make a simple task more complex for patients,
particularly for those not skilled in technology.

As indicated in Arienti et al. [33], the majority of systematic reviews (78%) showed
poor methodological quality. Of those identified as virtual reality interventions (10 of 51,
19.6%), 1 was rated as of High quality, 2 as moderate and 7 as low or critically low.

Other works such as Cano Porras et al. [34] support the same conclusion, identifying
the outcome of combining traditional and virtual rehabilitation on gait and balance, but a
major part of the studies analyzed by them showed poor methodologic quality.

Another study by Kim et al. in 2018 [35] compared a VR specific system with a non
VR specific system and showed similar efficacy in the short term, although total activity
counts (a measure provided by accelerometers) was higher in VR users with no statistical
significance, so it doesn’t support using VR systems in this case. Again, the reduced size of
the sample (12 patients using VR vs. 11 patients using non-VR) and the bias introduced by
the design should be taken into consideration.

The work from Faria et al. [36] showed instead that comparing VR therapies to tra-
ditional paper and pencil therapies did not provide differences, although more intensive
exercise was done in the VR group and this could have improved cognitive function. A
more recent work [37] from the same researchers proved that VR therapy offered better
outcomes in cognitive functioning, visuospatial ability, and executive functions compared
to an adaptive paper-and-pencil environment.

Additionally, we can cite the work from Fusco et al. [38], where outcomes suggest that
combining robotic rehabilitation with VR can accelerate the improvement of the patient
according to their randomized, controlled, crossover, single-blinded, or pilot study.

Regarding the variability issues, we should be aware of the influence that the different
tracking systems used for monitoring the patient’s performance can have on the mea-
surement of the outcome [39], and consider how the different approaches to exergaming
can impact engagement and positive response, showing that collaborative gaming has
better outcomes compared to cooperative and competitive gaming, although the latter can
improve the sense of flow for players with higher motor skills [40]. On the other hand,
other studies like Navarro et al. [41] and Lee et al. [42] show how competitiveness can be a
motivating factor, specifically for attention rehabilitation, and can improve effectiveness.

Recently, Brassel et al. [43] collected different recommendations for the design and
implementation of virtual reality for the rehabilitation of acquired brain injury (ABI):
real-life, meaningful task settings, early and intensive practice of VR rehabilitation, goal-
oriented, and with the ability to adapt to individual needs. The work also highlights the
convenience of involving end users in the design and recommends taking into account
health and safety aspects. Regarding the measurement of the results, this study includes the
patient reported outcomes measurement (PROMs) in addition to measurement of clinical
relevance and validity, long-term impact, etc.
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Finally, the heterogeneity of game design is also discussed by Juras et al. [44] and
Bermudez et al. [45], explaining the impact of Presence (embodiment in the virtual envi-
ronment), Motor Learning (including the richness of the definition of the environment, the
intrinsic and extrinsic feedback received, the specificity of the task, training dosing and
adaptability, and customization of the software for the patient), and Motivation (which
promotes learning and adherence through goal setting, rewards, challenge, and narrative
structure). Visual, auditory, and haptic information seems highly relevant for post-stroke
rehabilitation as well.

Specific VR toolkits for rehabilitation have been released recently, such as Lamon-
tagne et al. [46], Williams et al. [47], and Lanzoni et al. [48], probably making it easier
and faster to build specific virtual environments aligned with existing evidence that could
be used by professionals and patients, so further studies can be carried out with a larger
sample size and more homogeneity of solutions and assessment approaches. Metaverse, a
specific approach to VR, could become another way of applying these VR techniques to
patients [49,50].

In addition, some methodologies have been designed to guide the design of VR
environments and challenges—-for example, Martinez-Moreno et al. [51] for activities of
daily living (ADL).

In summary, there is a lot of heterogeneity in research designs, methods, techniques,
measurements of the outcomes, etc., plus a lack of evidence in many cases as samples are
frequently small. That is why we cannot affirm that we are doing it the right way, having
different approaches with different outcomes, some with more positive results than others.

3.3. Delivery Question: Are We Getting Things Done Well?

In the study by Lewis et al. [52] patients affirmed that they found VR rehabilitation
activities “enjoyable and challenging”. Although only 6 participants were involved and
only 8 activities related to a submarine VR game were assessed, this study explains that
getting the feedback of patients is important to identify motivation factors and stress factors:
the feeling of “stretching myself”, the existence of “purpose and expectations”, and the
expectation of “future improvements” are all motivation factors to consider when building
or acquiring a VR rehabilitation game. Doing this as an additional task to the usual reha-
bilitation tasks was a negative factor for some patients. Nevertheless, besides measuring
improvements in cognitive and physical skills, getting feedback from the patients will help
researchers to improve the virtual rehabilitation approach as well.

Regarding this feedback, other authors such as Green et al. [53] have recently pub-
lished findings on the co-creation of these virtual rehabilitation games with the patients,
particularly with younger patients, and, additionally, what is called a “sense of community”
was identified as a powerful driver for motivation, according to Vollebregt et al. [54].

Considering computer monitor VR environments versus head-mounted display VR
environments, the latter show better results on engagement, transportation, flow, and sense
of presence, while negative effects such as nausea are also more probable than in the former,
according to studies such as Spreij et al. [55].

Taking clinicians into account, on the one hand, their training needs to be increased,
according to Bartnicka et al. [56], and, on the other, based on their feedback, there are also
several factors to consider, including good organization of the activities, overcoming the
technological gap, and the fact that individual circumstances of participants can impact
positively or negatively on user experience and on the success of this experience [48]. Ac-
cording to other studies reviewed [57], three factors have been identified as key to assessing
the outcomes on the usability of virtual rehabilitation systems: effectiveness, efficiency,
and satisfaction. Patient performance on rehabilitation exercises with VR can be measured
objectively, the level of difficulty can be established and reviewed objectively according to
this performance ([58,59]), and treatment can be personalized to the patient’s condition.
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Satisfaction has been measured using different systems not specifically oriented to
virtual rehabilitation. However, specific questionnaires on virtual rehabilitation exist such
as USEQ [60], which have proven their reliability to measure this factor.

As mentioned by Threapleton et al. [61], one of the main barriers to a more extended
use of VR rehabilitation solutions is the physical space that these solutions require. Hospi-
tals and clinics are places where space is scarce, and room for these solutions is generally
in competition with room for the rest of the equipment that conventional physical and
cognitive rehabilitation requires. When we try to set up these solutions in patients” homes,
this is an issue that should be considered, especially if it is a long-term installation. Other
aspects, such as power consumption in a context of energy prices escalating, and spare parts
service, in case of malfunction, should be taken into account. Adherence to home-based
treatment was studied by authors such as Fluet et al. [17] as well as Jonsdottir et al. [62],
who observed that it mainly depends on motivational enhancements. Regarding motiva-
tion, recent studies such as Sramka et al. [63] showed higher motivation and an acceleration
of rehabilitation using VR technology.

Comparing immersive and non-immersive VR environments for rehabilitation, some
studies like Bevilacqua et al. [64] explain that non-immersive ones are preferred by older
patients as they are more comfortable and with less secondary effects such as nausea,
for instance.

So, going back to the delivery question, we can conclude that there is still discussion
on which characteristics of virtual reality rehabilitation programs are the key for success,
although creating an enjoyable experience for the users and preserving the usability can
improve motivation, increasing the adherence and effectiveness of the treatment.

3.4. Value Question: Are We Getting the Benefits?

The positive outcomes of VR rehabilitation therapies were rated by Aminov et al. [16]
according to the use of specific virtual environments and standard computer games, show-
ing better results in specific virtual environments. This study also showed that the best
positive outcomes were on body structure and function, activity level, and, secondarily,
on cognitive functions, although issues about sample size and on the variability of the
measurement methods were identified. This also supports the idea that we should include
the type of environment (specific or general purpose) as a relevant variable in future virtual
rehabilitation studies to avoid potential bias.

According to Laver’s 2012 and 2017 Cochrane reviews [30,65], using VR for stroke
patients’ rehabilitation was found to be significantly more effective for upper limb function
and activities of daily living function recovery, but the authors mentioned that “further
studies are required to confirm these findings”.

A review by Zhang et al. [66] also supports the contribution of VR to stroke patients
improving their upper- and lower-limb motor function, although no improvement was
observed in cognitive functions. Nonetheless, there are other studies such as the one by
Maier et al. [67] that found improvements in this area. Rutkowsky et al. [68] also highlight
improvements in upper-limb and balance, but not in gait or hand dexterity.

Some other studies have started using the so called Adaptive Conjunctive Cognitive
Training (ACCT) where a combination of different cognitive domain training is used with
positive results. For instance, Maier et al. [67] and Park et al. [69] reported an improvement
in attention and spatial awareness as well as in depressive symptoms [70]. However,
other authors such as Zhang et al. [66], in a meta-analysis covering 23 randomized control
trials with 894 patients, showed that improvements were significant only in executive
function, memory, and visuo-spatial function, whilst in the case of global cognitive function,
attention, verbal fluency, depression, and quality of life, they were not significant (compared
to traditional methods).

Other studies showed that a combination of a conventional physiotherapy program
with interactive semi-immersive tools present better results than without it—[71,72].
Levin et al. [73] showed that there could be more positive outcomes than traditional
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therapies for motor control and motor learning, thanks to feedback and other features,
using the application of VR to make the accomplishment of motor control and learning
principles easier.

Comparing and assessing outcomes from different studies is difficult given the differ-
ent ways that authors measure them, while aforementioned authors such as Saposnik et al.
prefer to focus on the Wolf Motor Function Test, Box and Block Test, and Stroke Impact
Scale [10], others such as Da Silva et al. [74] use the SF-36 and Fugl-Meyer tests, whilst
Turolla et al. [75] complement Fugl-Meyer with the Functional Independence Measure.
This is particularly evident in research carried out by Subramanian et al. [31] where they
mention that 42 different outcome measures were used across 100 studies. 17 different
outcomes were aimed at measuring impairments, 16 were used to measure activity limita-
tions, etc. Other studies such as Kalron and Zeilig [76] present the same conclusion, even
in the case of traditional intervention (not only virtual reality interventions). So, we should
add difficulties of measurement diversity to the difficulties of tools used, small samples,
etc. This happens even in most recent studies like Xiao et al. [77], where they found that
while Computer Assisted Cognitive Rehabilitation showed significant difference in Stroke
patients, the use of VR did not show equivalent benefits. Furthermore, recent studies like
Li et al. [78] showed that other alternative techniques like acupuncture or transcranial
magnetic stimulation showed more consistent results than VR use.

On the positive side, there are some encouraging results, such as in the work of Cano
Porras et al. [79], with a retrospective study of 167 patients in a large rehabilitation center for
3 years that showed significant improvements in functional measures of balance and gait.

Another study showing positive outcomes is Moreno et al. [80], especially in cognitive
functions, although it found that whilst the overall quality of the studies was good, there
were no studies with a Downs and Black rating of excellent, and so they note that future
research should focus on randomized controlled studies. The most interesting is the set
of recommendations included at the end of the review for future studies: to describe the
clinical information of the samples, to conduct longitudinal studies, to compare different
levels of immersion, to systematically assess user acceptance and adverse events, to use well-
known measures independent of the culture, countries, etc., to report the effect sizes (the
“strength”) of the outcomes, and to provide examples of generalization to real situations.

Finally, in 2022, we found more studies supporting the positive outcomes of VR inter-
ventions, such as Chatterjee et al. [81], which showed, in a double-blind randomized control
trial, particular benefits on stroke survivors with severe cognitive impairment as well as a
reduction of the time spent in hospital for all patients that received the VR treatment.

Regarding the perceived quality of patients, there is a clear motivation for improve-
ment, according again to Lee et al. [11] and Gil-Gomez et al. [60], although in terms of
mastery confidence and incompetence fear, 3D virtual reality environments have worse
results than more extensive 2D environments [32].

We can thereby conclude that we are clearly deriving some benefits from these ini-
tiatives, more in motor functions than in cognitive functions, and in patients’ motivation
and adherence as well, although the measurement of these benefits is too heterogeneous to
be compared or aggregated. Nevertheless, larger studies like Cano Porras et al. [79] and
Zhang et al. [66] have provided more solid evidence of the benefits in recent years.

Table 1 shows a summary of the studies selected, regarding the four “Are” questions:
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Table 1. Summary table of the different aspects evaluated in the different “are” questions together with bibliographic references that support them.

Strategic Question: Are We Doing the
Right Things?

Architecture Question: Are We Doing Delivery Question: Are We Getting

Them the Right Way? Things Done Well?

Value Question: Are We Getting

the Benefits?

Problem definition

Saposnik et al., 2010 [10]
Leeetal., 2019 [11]
GBD Stroke Collaborators 2019 [15]

Why virtual rehabilitation

Carregosa et al., 2018 [12]
Wagner et al., 2019 [13]
Aminov et al., 2018 [16]

Fluet et al., 2019 [17]

Maggio et al., 2019 [3]
Schulteis and Rizzo, 2001 [18]

Brachman et al., 2021 [22]
Katz et al., 2005 [23]
Cano Porras et al., 2018 [34]

Best practices

Maggio et al., 2019 [20]

Adie et al., 2014 [25]

Adie et al., 2017 [26]

Saposnik et al., 2016 [27]
Unibaso-Markaida et al., 2019 [28]
Subramanian et al., 2019 [31]

Lee etal., 2019 [11]

Kober et al., 2016 [32]

Lloréns et al., 2015 [39] Bartnicka et al., 2019 [56]
Pereira et al., 2019 [40] Demers et al., 2019 [82]
Navarro et al., 2020 [41] Frokjeer et al., 2000 [57]
Lee et al., 2020 [42] 1SO [83]

Brassel et al., 2021 [43] Rizzo and Kim, 2005 [58]
Juras et al., 2019 [44] Scano et al., 2018 [59]
Bermudez i Badia et al., 2016 [45]

Lamontagne et al., 2019 [46]

Williams et al. [47]

Lanzoni et al., 2022 [48]

Parisi et al., 2022 [49]

Calabro et al., 2022 [50]

Martinez-Moreno et al., 2016 [51]

Chen et al. [72]
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Table 1. Cont.

Strategic Question: Are We Doing the
Right Things?

Architecture Question: Are We Doing
Them the Right Way?

Delivery Question: Are We Getting
Things Done Well?

Value Question: Are We Getting

the Benefits?

Benefits

Chen et al., 2016 [19]
Aliprandi et al., 2022 [21]

Riva et al., 2003 [24]

Saposnik et al., 2010 [10]

Rodriguez Hernandez et al., 2020 [29]
Laver et al., 2017 [30]

Kim et al., 2018 [35]

Faria et al., 2019 [36]

Faria et al., 2020 [37]

Aminov et al., 2018 [16]
Laver et al., 2017 [30]
Laver et al., 2012 [65]
Zhang et al., 2021 [66]
Maier et al., 2020 [67]
Rutkowsky et al., 2020 [68]
Park et al., 2020 [69]

De Luca et al., 2018 [71]
Levin et al., 2015 [73]
Saposnik et al., 2010 [10]
Da Silva et al., 2015 [74]
Turolla et al., 2013 [75]
Xiao et al., 2022 [77]
Lietal., 2022 [78]

Cano Porras et al., 2019 [79]
Moreno et al., 2019 [80]
Chatterjee et al., 2022 [81]

Patients’ experience

Lewis et al., 2011 [52]
Green et al., 2019 [53]
Vollebregt et al., 2019 [54]
Spreij et al., 2022 [55]
Gil-Goémez et al., 2017 [60]
Threapleton et al., 2016 [61]
Fluet et al., 2019 [17]
Jonsdottir et al., 2021 [62]
Sramka et al., 2020 [63]
Bevilacqua et al., 2019 [64]

Quality of research

Arienti et al., 2019 [33]

Subramanian et al., 2019 [31]
Kalron and Zeilig, 2015 [76]




Appl. Sci. 2023, 13,4786

11 of 16

4. Discussion

As we have seen through this bibliographic review from an IT governance perspective,
there are many challenges related to homogenizing the practice of using virtual reality for
rehabilitation and the measurement of results, making it difficult to attain a critical mass
that can demonstrate the results this technology promises.

4.1. Comparability

In summary, we have found a great variety of implementation parameters and design
factors, such as the virtual reality technology used (immersive vs. non immersive, general
purpose vs. specific equipment, competitive vs. collaborative vs. cooperative, etc.); the
game design factor (adaptability, rewards, narrative, etc.); the combination of virtual
reality with conventional methods or not; sample size; duration and intensity of treatment;
outcome measurement methods (SF-36, Fugl-Meyer, Wolf Motor Function, etc.); and the
type of functions to measure (upper limb, lower limb, cognitive, activity of daily life, gait
speed, etc.).

This variety makes it difficult to compare the different studies and reduces the effec-
tiveness of meta-analysis. Despite this heterogeneity, there are some valid conclusions,
although there is still discussion about which characteristics of virtual reality rehabilitation
programs are the key to success: specific environments for post-stroke rehabilitation show
better outcomes than general purpose ones; a treatment period of 8 weeks or more is
preceptive to obtaining relevant outcomes; VR can help at least in scalability needs in a
context of scarce human resources and facilities to develop conventional therapies, increas-
ing the therapy time quickly and with little investment; combining VR with conventional
therapy presents better outcomes; and motivation can be improved, creating an enjoyable
experience for the users, thereby preserving the usability and increasing both the adherence
and effectiveness of the treatment.

4.2. Efficiency and Accessibility

We can also affirm that VR intervention programs lower costs [11] by reducing clinician
time without reducing the time the patient spends on rehabilitation, and this cost reduction
is greater than the cost increment of acquiring the hardware and software needed. Further-
more, this type of intervention can reach more patients, covering people that are far from
clinical centers, and counteract difficulties in hiring specialists in some geographical areas.

Even in the case of clinical trials involving neurological patients, virtual rehabili-
tation could mark a difference, permitting the participation of patients with difficulties
in accessing healthcare facilities and keeping homogeneity in assessment across several
countries [84].

4.3. Normalization and Sample Sizes Could Improve Evidence

Recent studies like Cano Porras et al. [79] manage larger samples and still show better
outcomes, and works like Moreno et al. [80] establish interesting recommendations for
improving the design of future studies, so we can assume that it is just a matter of time
before better evidence is available.

On the other hand, studies like Gil-Gomez et al. [60] have defined guidelines to
measure the usability of these systems and the existence of VR kits specifically designed
for virtual rehabilitation [46], indicating a promising future for this kind of technology.

5. Conclusions

Additionally, we believe that our work can also help to highlight the challenges
and the best practices available according to the literature and introduce the IT gover-
nance perspective that has been particularly useful to extract value from technology in
other disciplines.

To summarize the clinical benefits, we consider that there is enough evidence of posi-
tive clinical outcomes for stroke patients, specifically in motor function, to support further
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research in this field, especially when the use of virtual rehabilitation techniques makes
rehabilitation more accessible to more people and often improves motivation and, therefore,
adherence to the treatment. A combination of VR rehabilitation and traditional rehabilita-
tion is another scenario where we get better results than in traditional rehabilitation alone,
preventing patients feeling overloaded. Furthermore, an interesting possibility would be
to develop capabilities in the VR tools to work on both cognitive and motor functions,
allowing the patients to perform dual tasks. These types of tasks have been used in recent
decades as an efficient strategy to recover cognitive and motor impairments related to
CVD ([85]).

Returning to the question posed in the title, based on IT governance parameters,
the conclusion is that more robust evidence is still needed to demonstrate which virtual
rehabilitation approach provides the best results for acquired brain injury rehabilitation
practice, specifically in stroke patients. Such evidence is essential to ensure the wide
adoption and integration of this technology in the field of rehabilitation.

As a proposal of further research, we need to promote studies with larger samples
that provide more evidence for the outcomes, with special attention to the homogeneity
of measurement tools and methods. Another potential line of work is to identify which
kind of VR environment provides the best results in the intervention of cognitive function
(if any) and which one provides better results in motor function. Finally, the influence
of collaborative and competitive environments on both motivation and adherence to the
treatment is another interesting line of research to work on.
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