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ABSTRACT

Background: Innovative approaches in technology, such as Mixed Reality (MR) devices, are getting their way into
rehabilitation to supplement movement training. With this interactive technology, holograms are projected within
the contextual real environment. In current spinal cord injury/disorder (SCI/D) rehabilitation research, the use of
technology to augment physical interventions is common. However, the successful implementation of high-tech
devices into rehabilitation practice during the subacute phase is challenged.

Objective: This study aimed to assess the experiences and perceptions of patients and healthcare practitioners on
the usability, usefulness, and applicability of MR with the Microsoft® Hololens 2 in our rehabilitation practice and to
investigate the influence of these factors on the adoption of this innovation within the multidisciplinary SCI/D
rehabilitation practice in a single Dutch rehabilitation center.

Method: This explorative study assessed the implementation of MR reality within a 6-week pilot period in a
multidisciplinary SCI/D rehabilitation setting. This pilot was embedded in a study with a combined approach of
participatory action research (PAR) and the implementation process model by Grol & Wensing. The innovation was
introduced to 12 participants: 3 multidisciplinary healthcare practitioners and g patients with SCI/D. With a mixed
methods approach, data were collected using questionnaires, interviews, and experiential self-examination. We
analyzed the process data descriptively.

Results: The following implementation outcomes were assessed; perceived ease of use (PEOU), perceived
usefulness (PU), and applicability, from the patients’ perspective (N=g) and healthcare professionals’ perspective
(N=3). Participants rated the PEOU of the system on the System Usability Scale (SUS) from 1 (strongly disagree) to
5 (strongly agree). The total score could range from o (low usability) to 100 (high usability) points. Patients scored
the hardware and interface with 70.0 (median; IQR 7.8) points and the game applications with 75.0 (median; IQR
13.0) points. The healthcare practitioners scored the hardware and interface with 72.5 (median; IQR 13.0) points
and the game applications with 82.2 (median; IQR 5.3) points. The PU was assessed with a questionnaire based on
the Technology Acceptance Model (TAM), which addressed the perception that the utilization of MR will improve
rehabilitation performance, related to patients, and work performance, related to healthcare practitioners. All 6
questions used a 6-point Likert-type scale (1= strongly disagree to 6= strongly agree). Both generally increased
after the pilot period. All interviewed participants (N=6) perceived good applicability of MR in their context, based
on the FAME (feasibility, appropriateness, meaningfulness, effectiveness, and economic evidence) framework
elements. Through focus groups, there has been continuous analysis of barriers and facilitators to change to which
actions for implementation have been adapted. As a result, among other things, a knowledge document has been
developed to support clinical reasoning in relation to the possibilities of MR application.

Conclusion: Patients with SCI/D and their healthcare practitioners had an overall positive attitude, i.e. perceived
usability, and usefulness, towards the use of MR, which is one of the most important factors for the adoption of an
innovation in clinical practice. MR with Microsoft's® Hololens 2 was found to be applicable for the targeted group
in this specific rehabilitation setting, based on the FAME framework elements. These factors are therefore
considered facilitators for the adoption of MR in the multidisciplinary SCI/D rehabilitation practice. At the same
time, we gained experience in using a research approach that allowed us to focus on the attitudes and associated
necessary process of behavior change of our end users, design materials that support implementation within group
collaboration, and gain insight into possible types of MR applications in this specific setting. We provided a start
that allows us to continue with implementation activities, to aim to ensure sustainable use of MR in our usual care
practice to help maintain intensive movement training during the subacute rehabilitation phase.

Keywords: Spinal cord injury/disorder, rehabilitation, Mixed Reality, usability, usefulness, applicability, participatory
action research, behavioral change, implementation

INTRODUCTION

Rehabilitation after the onset of a spinal cord
injury/disorder (SCI/D) is often a long-term process.
Damage to the spinal cord leads to many profound
physiological changes resulting in temporary or
permanent loss of the motor, sensor, and
autonomous functions.* In the sub-acute phase,

targeted treatment in a multidisciplinary setting is
often required.? De Hoogstraat Revalidatie (DHR) is
one of the 8 specialized SCI/D rehabilitation centers
in the Netherlands. Its multidisciplinary team offers
rehabilitation to approximately 100 inpatients with
newly acquired SCI/D each year3



Challenge in current healthcare

Participation in a rehabilitation program in the sub-
acute phase is of great importance to achieve the
highest level of independence within the possibilities
of functioning.*® Here, intensive movement training
is a high priority to maximize the restoration of
function.®” However, the Dutch healthcare system is
experiencing great pressure due to high healthcare
costs, shortages of personnel, and a high workload.®
This challenges the assurance of intensive movement
training during this phase of rehabilitation. The Dutch
Integral Care Agreement, which aims for better
patient-centered care in 2024, suggests “the use of
technology for targeted support of healthcare
professionals” 869 as a solution for this expected
bottleneck. DHR feels the need to respond to this
inevitable change in the landscape of healthcare by
prioritizing continuing development through the
implementation of new technologies where
possible.®

Mixed Reality: a novel technology

Innovative approaches in technology are getting their
way into rehabilitation to supplement training with an
intensive character.*™ One of these advancements
was the introduction of Mixed Reality (MR). With this
interactive technology, virtual elements (holograms)
are projected within the real contextual environment
with MR glasses like the Microsoft® Hololens. MR is a
promising technology in the field of rehabilitation and
has the potential to contribute to the intensification
of movement training to maximize the restoration of
function.**

Potential in rehabilitation

In current SCI/D rehabilitation research, the use of
technology to augment physical interventions was
found common.® However, the successful
implementation  of  high-tech  devices into
multidisciplinary rehabilitation practice is challenged,
as they were reported as infrequently or rarely
used.* The intention to use a product depends to a
large extent on the attitude of the users, which is
mostly determined by the perceived ease of use
(PEOU) and the perceived usefulness (PU) that users
have towards a product and have therefore a great
influence on the adoption rate.*> To evaluate the
translational potential of MR in our SCI/D
rehabilitation practice we needed to elicit input from
end-users. Therefore, this small-scale exploratory
study aimed to investigate the novel area of MR
adoption in our multidisciplinary SCI/D rehabilitation
practice, where the findings can be used as guiding
principles for implementing this innovation into our
usual care practice. The research question of this
study is: What are the experiences of patients and
healthcare practitioners on the usability, usefulness,
and applicability of MR use in our multidisciplinary

SCI/D rehabilitation practice and how do these
factors influence the adoption of this technology-
based innovation in this setting?

METHODS

Design

Exploratory evaluation studies can be designed in
different ways. In the field of quality improvement
and knowledge implementation, most are close to
routine practice.*® This empowered the choice for a
Participatory Action Research (PAR) approach, which
enabled us to learn from and improve real-world
practice with the involvement of patients and
interprofessional  healthcare practitioners — with
specific practical knowledge in the actual setting.

Setting

Driven by changes in the healthcare landscape, DHR
aspired to increase the adhocracy culture in the
organization and showed to be an early adaptorinthe
field of engaging MR in rehabilitation. This allowed
the conduction of this 'bottom-up' exploration study
with  attention to  innovation, motivation,
collaboration, and creative ideas with an
interdisciplinary character.

Context

The social, economic, and organizational contexts
were evaluated based on an actor/force field analysis
during each PAR phase. To structure the different
roles of all stakeholders we positioned them
schematically in a ring of influence.® With this, we
determined their influence and role in cooperation
within the project.

PAR Team

At the beginning of the PAR process, we established
2 stakeholder groups, the focus group, and the
operator group. Both were guided by the project’s
main researcher, a physical therapist experienced
with SCI/D rehabilitation and experienced using MR.
All stakeholders focus group stakeholders were
recruited based on an actor/force field analysis and
had substantial experience with MR using the
Microsoft® Hololens 2 in a rehabilitation setting. This
group consisted of 1 patient, 1 physical therapist, 2
occupational therapists, a healthcare innovator, and a
technician.

With  the recruitment of the healthcare
practitioners for the operator group we aimed for a
diverse group composition that would sufficiently
represent the entire team of the SCI/D department,
based on profession and results of the conducted De
Caluwé and Vermaak color analysis.* This method
provided insight into the complexity and dynamics
between different ways of thinking about change
within the group. This multidisciplinary group



consisted of a physical-, occupational-, and sports
therapist, with minimal to no experience with the use
of MR. Participation of 3 SCI/D patients, representing
different severities of injury like tetraplegia and
paraplegia, with or without the ability to active weight
bearing, completed this group.

An advisory group, consisting of a manager, 2 post-
docresearchers, and a rehabilitation doctor, provided
peer support with review, advice, and feedback.

Patients

Patients with a SCI/D receiving in or outpatient
multidisciplinary rehabilitation treatment during the
recruiting phase for the study were eligible for
inclusion if they were 18 years or older and could raise
at least 1 arm and hand to eye level. The use of a
haloframe and prescribed bed rest at the onset of the
study were exclusion criteria.

Intervention

We used the Microsoft® Hololens with a variety of
applications, created by HoloMoves®, that elicit
physical activity. The intervention entailed a 6-week
pilot period, where the operator group used MR in
their multidisciplinary rehabilitation treatment.

Implementation strategies

As far as users are concerned, attitude and the
intention to behavioral change are related to the
consideration of whether or not an innovation is
feasible within their practice.®* To gquide this
process of behavioral change, we combined the
implementation theory of Grol and Wensing?* with
the 3 phases of PAR, namely the thematic phase,
crystallization phase, and example phase.?* This
enabled us to fit appropriate implementation
strategies accordingly.

Procedures

The study had a duration of 8 months. The
development of the concrete study proposal started
in October 2022. After the analysis in the thematic
phase, the PAR team was sorted together by the end
of November 2022. The «crystallization phase,
characterized by designing the pilot, was completed
at the end of January 2023. The pilot period, related
to the exemplarian phase, ended in April 2023.
Followed by data analyses, the evaluation was
finalized at the end of May 2023.

Ethics and consent

This quality improvement study was part of the usual
care. All participants (N=12) were informed about the
study by the researcher and provided written
informed consent prior to initiating the study. All
assessments and interviews were conducted on
voluntary bases and results were pseudonymized.
Voice recordings and study-related documents were
stored in a secured internal digital network space.

Trustworthiness

Various strategies have been applied to ensure the
trustworthiness of the study. The data collection had
a period of several weeks and methodical
triangulation was achieved. Analysis of all data was
peer-reviewed by 2 experienced researchers. An
audit trail that includes the logs, completed
questionnaires, minutes of all meetings, audio
recordings, English and Dutch interview guides, and
transcripts of the interviews is available.

Group meetings

The focus group had twice a 60-minute meeting in
the thematic phase. Ideally, a strategy that aims to
change clinical practice is designed based on an
analysis of barriers and facilitators to change.”
Therefore, the focus group conducted a SWOT
(Strengths, Weaknesses, Opportunities, and Threats)
analysis. The DESTEP2 factors and 7S5-model?*
elements were used to facilitate a broad point of
view. Through group discussion and joint execution,
the items with the highest risk got clustered into
themes. In the second meeting, they used the
mindmapping technique to get insight into all
influencing topics per theme.

The operator group had five 60-minute meetings
within the crystallization and exemplarian phases,
two of which were with patients. For this reason, the
first meetings were aimed at increasing knowledge
among the practitioners. This was needed before
they were consciously competent to introduce MR to
the patients. We used a topic list, based on the self-
report Implementation plan tool of ZonmW?5, to gain
insight into the vision of healthcare practitioners
toward rehabilitation technology. Within the
crystallization phase, the 3 mind maps, created by the
focus group, got analyzed through joint discussion
and served as an organizational instrument to
determine and define the preconditions needed to
start the pilot period. We used elements of the
PDCA?® improvement cycle to perform actions and
adjust and improve the deployment method
accordingly.

Data collection and analysis

In this study, we used a mixed methods approach to
gain a comprehensive understanding of the adoption
of MR. Data collection and analysis were
accomplished concerning the available time and
resources and included the use of questionnaires,
experiential self-examination, and interviews. We
analyzed the data using Excel version 2304.

Quantitative data

The Technology Acceptance Model (TAM) states that
auser's attitude, which includes the perceived ease of
use (PEQOU) and the perceived usefulness (PU), has
the most influence on the adoption rate of a new



product.* This model is one of the most widely used
adoption theories in studies like this.?® To assess the
PEOU of MR among all participants we used the
System Usability Scale (SUS).* To describe how and
when users will use a new technology based on
PEOU. We modified the Dutch version?® into 2
variants, one for the hardware and interface of the
Microsoft® HololLens 2 and one for the game
applications. The SUS consists of 10 questions, each
rated on a 5-point Likert scale (1= strongly disagree to
5= strongly agree). The total score could range from
zero (low usability) to 100 (high usability). A score of
68 or higheris considered above average.”’

To assess the PU we used a questionnaire based on
the aforementioned model, which addressed the
perception that the utilization of MR will improve
rehabilitation performance, related to patients, and
work  performance, related to  healthcare
practitioners. All 6 questions used a 6-point Likert-
type scale (1= strongly disagree to 6= strongly agree).
All participants were encouraged to add any
additional comments in the field provided. We
reported the outcomes with the use of a frequency
table and used the additional comments for clarity if
needed. We assessed both outcomes twice within the
exemplarian phase to discover whether there was a
change of perception after a certain time of practice.

Qualitative data

We obtained perspectives on the application in
practice from semi-structured interviews with
members of the operator group (N=6). The
predetermined thematic interview guide was
developed based on the 5 elements of the FAME
(Feasibility, ~ Appropriateness,  Meaningfulness,
Effectiveness, Economic Evidence) framework.?®
This, was to ensure the interview questions offered a
comprehensive exploration of the perceptions on
applicability within the multidisciplinary rehabilitation
practice. All face-to-face interviews were audio
recorded, conducted, and transcribed verbatim by
the main researcher. For the 2-step descriptive data
analysis, we first applied data reduction to achieve
meaningful text fragments, by eliminating text that
had no direct relation to the question asked.
Secondly, we conducted a horizontal analysis. This
allowed us to be able to make connections between
the perspectives of the interviewees within a
heterogeneous group.

The healthcare practitioners reported the
treatments with MR wuse in personalized logs,
following the DOKA method (Dutch acronym for
purpose, observation of current functioning, clinical
reasoning, and actions). These logs supported
experiential self-examination and served the purpose
of process evaluation through reflection on their real-
world practice.

RESULTS

The results are presented in 2 sections. In the first
section, we described the key activities involved
within the 3 phases of PAR. In the second section, we
described the analysis of the results of the
implementation outcomes; the usability, usefulness,
and application in rehabilitation practice.

Study sample and response rates

The study started with 12 participants: g patients and
3 healthcare practitioners (Table 1). However, 2
patients discontinued participation prematurely due
to health reasons and early cessation of inpatient
rehabilitation, respectively in weeks four and five of
the pilot period and therefore completed only the
first  questionnaires administered. All  other
participants completed the 6-week pilot period and
all questionnaires. All operator group participants
completed the interview.

Table 1. Participant demographics

ID Age Neurological levelf Participating in
AlS grade operator group
P1 65 C2AISC N
P2 26 C3AISA N
P3 8o C4AISD N
P 49 ThiAISC N
Pg 62 C5AISD N
P6 27 T11AISC Y
P7 38 Cg AISB Y
P8 50 CIDP Y
Pg 67 Th12 AISD N
ID Age Profession Participating in
operator group
Hi1 30 Physical Therapist Y
Ha 29 Sports Therapist Y
H3 56 Occupational Therapist Y

ID: identification participant; AIS: American Spinal Injury Association Impairment
Scale; P: patient; H: healthcare practitioner; C: Cervical spine; Th: Thoracic spine;
CIDP: Chronic inflammatory demyelinating polyneuropathy; Y: yes; N: No

Description of the combined implementation
process

We related the three-phase PAR process to the 5
steps of the process model by Grol and Wensing.?*
Figure 1 illustrates a schematic representation of
these methods combined and the related actions
taken.

Thematic phase. Building relationships, determining
starting positions, and identify facilitators and barriers
During this first phase, we established the focus
group and the operator group. The focus group first
identified experienced facilitators and barriers, based
on their user experiences with MR. The facilitators,
labeled as strengths, were increased motivation to
exercise, support implicit learning with an external
focus, ownership of required devices, sustainable
innovation, the organization as an early adapter,
applicable at any age, and the increasing patient
demand for the application of new tools.
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Figure 1. Combined implementation and operationalization process

Due to limited time and resources, the focus group
unanimously agreed to perform an impact score
assessment of the items categorized as internal
weaknesses only, to turn these barriers into
facilitators where possible. Secondly, they organized
these items under 3 main themes: digital skills,
accessibility, and planning.
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Figure 2. Main themes with relzted topics and actions taken

In this phase, the healthcare practitioners of the
operator group got to know each other and discussed
factors that would facilitate their behavioral change.
Their main facilitators were taking challenges, the
need to be inspired, and the freedom to discover
possibilities. Here, it was preferred to act based on
practical experience, so our educational strategy was
characterized by a pragmatic learning style.

Crystallization phase. Draw up a plan and action
planning
At the start of this second phase, the healthcare
practitioners felt competent to apply the Microsoft®
Hololens 2 and game applications in their treatment
and to transfer knowledge to their patients. Figure 2
presents the 3 mind map topics and the required
actions needed to be able to start the pilot period
within the exemplarian phase. The following
agreements were established to define the
provisional guideline for an MR working method:
1) MR will be scheduled as an extra therapy
session under the name: Hololens
2) The pilot period will have a duration of 6
weeks
3) Actions performed will be registered
following the DOKA method
4) Each healthcare practitioner includes 3
patients



5) Link training content to the currently
applicable rehabilitation goals

6) Possibility of coaching on the job by
experienced users

7) Logistical responsibilities regarding hard-
and software issues

Exemplarian phase. Implementation and process
evaluation

Here, the participants executed and completed the
pilot period. They gained knowledge and experience
of MR use in practice and got challenged to discover
the potential and possibilities within their treatment.
During the execution, the operator group discussed
and reflected on their explored needs to fit MR into
practice and accordingly conducted the actions
related to the 3 main themes. By collective
agreement, changes were made to the therapy time,
from 30 to 60 minutes, due to start-up and time-
consuming technological operations. Also, MR as an
extra therapy session needed to remain. Since, 2
healthcare practitioners noted that they were
otherwise more likely to opt for functional skills
training, such as a car or bed transfer, and prioritized
this over movement training, even though they
consider movement training an important part of
rehabilitation. The operator group created jointly an
MR user matrix (Annex 1) in which training skills were
linked to the MR games, to provide direction to the
deployment possibilities of MR and promote
interdisciplinarity.

Healthcare practitioners’ logged treatment reports
showed similarities in the following areas: adjusting
context to address specific goals, increasing the
challenge component with the help of aids, use of
different premises, and fulfilling a coaching role. As
well as experienced problems such as the inability to
fix technical issues due to external factors. All
participants experienced that the allocated value
seems to lie in the application of MR as an additional
tool, in which it remains important to add therapeutic
clinical reasoning. To be able to do so, gaining
knowledge and experience with the product to
improve understanding of the added value is
experienced to be strongly related. Healthcare
practitioners said, "By working a lot with the HoloLens
and through guiding and evaluating the therapy
based on rehabilitation goals, you develop new work
methods” (H3) and "...and of course, | could arrange a
meeting about it and be like 'hey, this is how the
HoloLens works and that's how you can use it in your
practice’...”  (H2). With these experienced
perceptions, the practitioners made their way toward
the final step, maintaining change, in their process of
behavioral change as a professional. Here it was
important that they felt consciously competent and
experienced ownership to take on further MR

exposure on a greater scale. To encourage
knowledge transfer to increase the willingness of the
other team members to explore the use of MR within
their treatment, we appointed the healthcare
practitioners as ‘superusers’ (persons who are the
driving forces for continued implementation).

Implementation outcomes

Perceived ease of use

The PEOU, measured by the SUS) by patients (Table
2, with colorinterpretation for more detail, see Figure
3) concerning the hardware and interface had a
positive change over time from ‘average’ to ‘good’.
Despite the lower median score for the game
applications at the end of the pilot period, the PEOU
was overall still scored as ‘good'.

Table 2. SUS results patients (n=g)

D Hardware and interface Game applications
\_.“.,.’k3 Wké W k3 Wke
P1 NJA? NfA?
P2
P3 N/JA® NfAZ
Py
P5
P6
P7
P8
Pg
2 NJA: not available because the patient did not camplete the study
Median 65.0 70.0 77.5 75.0
1OR 7.9 7.8 9.1 13.0

SUS: System Usability scale; ID: identification; Wk: week;

P: patient; IOR: Interquartile Range; NJA: not available

Despite the median scores by healthcare
practitioners (Table 3, with color interpretation for
more detail, see Figure 3) for hardware and game
applications in week 3, which give the impression of
‘good’, there was 1 healthcare practitioner that
scored ‘poor” at the beginning. On an individual level,
this participant reported the highest perceivable
change in the ease of use of MR after prolonged use.

Table 3. SUS results healthcare practitioners (n=3)

ID Hardware and interface Game applications
Wk Wko Wk Wko
Hoo I S

H3 ]
Median 70.0 72.5 77.5 822
IOR 9.9 13.0 16.3 53

5U5: Systern Usability scale; ID: identification; Wk: week;
H: healthcare practitioner; IOR: Interquartile Range

Poor Average Good Excellent

\ \ \ | |
\ \
0 51 68 80.3 100

Figure 3. Color interpretation related to SUS scores



Perceived usefulness

Analysis of the PU by patients (Table 4) revealed no
changes after gaining more user experience in the
areas of time in executing an exercise, improving
overall performance in rehabilitation, facilitating the
ease of practice, and the utility of MR in rehabilitation.
Compared to the start, patients perceived a greater
value of effectiveness by the end of the pilot period.
Several patients left comments like, because of the
pleasure in movement that MR entails, they trained
more intensively by shifting their focus. They
endorsed perceived effectiveness and the relation
with MR exercises that address specific rehabilitation
goals, like “...working with the HoloLens allowed me
to improve my confidence in moving, as | was
distracted from my fear of moving in space” (P8).
Despite the overall positive ratings in all areas, the
patients less agreed on the question of whether they
would add more unsupervised practice moments to
their rehabilitation schedule. They clarified this with
comments like, *...this wasn't an option due to the
combination of my limited hand function and the
accessibility of the HoloLens, and don't want to ask
for help all the time” (P2), and "...the feeling of being
consciously incompetent, so | still need more practice
and supervision” (P3).

Table 4. Perceived usefulness in rehabilitation by patients,

As well as “...if it is not on your schedule, you will not
doitthat fast. Whereas, very stupidly, you know it has
an effect and it's necessary... but anyway...” (P7) and
"The first time it was suggested [by the healthcare
practitioner] in week 3 like "You can also get the
HoloLens and use it yourself', but by the end of the
pilot period, | found out that | had never actually done
that” (P6).

After gaining more user experience over time the
healthcare practitioners agreed more positively on
the ability to complete tasks faster, however, overall
it did not make their work easier (Table 5). This was
partly related to usability issues, such as the long
start-up time and the reqular occurrence of technical
malfunctions. They perceived less usefulness of MR in
their daily practice at the end of the pilot period.
Clarified by a healthcare practitioner (H2) as having
experienced no added value of MR when compared
to the current activities offered and felt the same
goals could be achieved. Although, additional
comments endorse the experienced noticeable
advantages of MR use like eliciting pleasure and
distraction during exercise.

numbers per score (1= strongly disagree to 6= strongly agree)

1 2 3 4 5 b
Qz: By using the Hololens during my rehabilitation, I can perform
exercises faster
Week 3(n=g) 1 2 1
Week 6 (n=7) 1 2 2 2
Q2: Use of the Holalens would improve my performance in
rehabilitation
Week 3 (n=g) 4 3
Week 6 (n=7) 1
Q3: By using the Hololens I will exercise more often
Week 3(n=g) 2 1 2 3 1
Week 6 (n=7) 1 2 2 2
Qy: Use of the Hololens will increase the effectiveness of my
rehabilitation
Week 3 (n=g) 2 1 4
Week 6 (n=7) 1 2
Qs: The use of the Hololens makes exercising easier
Week 3(n=g) 3 5 1
Week 6 (n=7) 1 2 1 3
Q6: | would find the use of the Hololens during my rehabilitation
helpful
Week 3 (n=g) 1 5 3
Week 6 (n=7) 1 4

Q: Question



Table 5. Perceived usefulness in work by healthcare practitioners,
numbers per score (1= strongly disagree to 6=strongly agree)

1 2 3 4 5 6
Qa1: Using the Hololens at work allows me to complete tasks
faster
Week 3(n=3) 1 1 1
Week 6 (n=3) 1 1 1
Q2: Using the Hololens would improve my performance at work
Week 3(n=3) 1 1 1
Week 6 (n=3) 1 1 1
(Q3: Using the Hololens would increase my productivity
Week 3(n=3) 1 1 1
Week 6 (n=3) 1 1 1
Q4: Using the Hololens would increase my effectiveness at work
Week 3(n=3) 1 1 1
Week 6 (n=3) 1 1 1
Qs: Using the Hololens would make it easier to do my job
Week 3(n=3) 2 1
Week 6 (n=3) 1 1 1
Q6: | would find the Hololens useful at work
Week 3(n=3) 1 1 1
Week 6 (n=3) 1 1
Q: Question
Applicability in rehabilitation practice
Interviewed participants described their perceptions Patients experienced that exercises with MR could be
about the applicability of MR with Microsoft's® adjusted along with the phases of rehabilitation and
HoloLens 2, according to the 5 elements of the FAME therefore their changing physical possibilities. Except
framework. for supine positions, here the possibilities within the

game applications were experienced as limited.
Feasibility. All participants perceived MR with

Microsoft® HoloLens 2 as practical and practicable Meaningfulness. All participants experienced MR in
within the rehabilitation context and appropriate for their rehabilitation and practice as an additional tool,
the targeted audience.  Advantages  over to train movements that can be seen as a prerequisite
conventional tools are experienced by pa‘[ients with to perform functional activities. To facilitate this
limited function of the upper extremities, one said, "| meaningful practice the context needs to be adapted
can't catch a ball, but | can catch and move accordingly, for example by adding aids, different
butterflies” (P7). It seems to fit within the innovative surfaces, or double tasks. A healthcare practitioner
culture of DHR despite the current efficient said about this, "Well you are trying to think even
rehabilitation patterns, aimed at fast and functional more of 'how can I make it even more challenging for
rehabilitation, and the relatively high costs associated people?” (H2). This resulted in exploring, and
with technical innovations. sometimes pushing, limits in physical capabilities

within exercises. Patients felt that gamification (e.q.
Appropriateness. The provided resources to enhance point scoring and competition by time elements)
practical use such as a live monitoring screen, a user brought a nice change in their current way of
matrix, extended therapy time, and storage exercising and it strengthened their confidence while
coordination were perceived as positive and doing so. They experienced that MR could shift their
facilitated the ease of use. Although, the WIFI focus of attention and added enjoyment in moving. A
connection in certain rooms remained limited, which patient explained, "So, I was doing the game and then
had a negative influence. MR addressed training | thought... | walked around that staircase, that
principals needed to reach personal goals given the practice staircase with a few steps, and | just did not
stage and context. A|though supervision and hold that at all. | thOUght,‘ | don't dare do that game
coaching by the healthcare practitioner are without letting go of that staircase. That was a really
preferred, to assure the training addresses patients’ nice goal for me or well, a nice goal, a nice step, so to
goals through the clinical reasoning of the speak” (P8).

practitioner.



Effectiveness. All participants shared the same
thoughts about the inability to monitor progress or
measure its contribution to health outcomes. But all
evaluated the MR training sessions based on any
visible changes in motor and cognitive skills for
clinical  reasoning and adjusted the training
accordingly.  They all  subjectively  noticed
approvement in health outcomes, but given the
context, this is applied to rehabilitation as a whole
than just the use of one tool.

Economic Benefit. All participants see possibilities for
this novel technique to support the cost-to-benefit by
offering MR within group training sessions. With the
point of view that the use of this device gives the
therapist the ability to train more patients at the same
time. This offers more exercise moments for patients
without the deployment of additional practitioners.
They mention the possibility of additional beneficial
aspects of group training in terms of knowledge
transfer, increasing motivation for movement, and
strengthening the social aspect of rehabilitation.
However, they also mentioned a few critical
conditions that need to be considered. For example,
group participants need to have the same level of
physical abilities and goals, availability of a large
space with sufficient WIFI connection, purchase of
more lenses and live-view screens, planned as usual
care, and expansion of game applications that elicit
movement accessible for people with disabilities.

DISCUSSION

This mixed methods, exploratory study identified, on
asmall-scale, overall positive perceptions on usability
and usefulness of MR during multidisciplinary SCI/D
rehabilitation practice. This, together with the
perceived applicability during the pilot period,
increases the users’intention to use MR and therefore
had a positive influence on the adoption of this
technology-based innovation in our multidisciplinary
SCI/D rehabilitation practice.

We dealt with limited resources in the areas of
time, personnel, and technical support, resulting in a
small sample size of participants. Therefore, the
findings of this study cannot be generalized and must
be interpreted cautiously. However, this reflects a
realistic scenario where we encounter often
suboptimal conditions and ties with the call from
practitioners for more studies to be conducted in
settings where constraints are prioritized over
optimal conditions, specifically testing the fit of
interventions in real-world settings.>

Guided by our ambitions, we started this study with
a research question focused on many factors and
goals at the same time. The literature confirms this
well-known pitfall in quality improvement research

and implementation programs, which makes it
difficult to attribute specific changes to specific
interventions or contextual factors.*® When taking a
closer look, we chose areas of focus that best
matched our need for the situation and therefore
were focused on the first step towards the adoption
of a product, namely the attitude of the end users. To
capture a holistic picture of this adoption factor, the
use of a mixed methods approach was a strong
choice, through the ability to converge the qualitative
and quantitative data.

We experienced the use of combined approaches,
participatory  action research  with  the
implementation process model developed by Grol
and Wensing, as a strength of this study, since
behavioral change processes are inherent in
implementation. Lack of knowledge and time to learn
are major barriers to the adoption of innovations™3*
and can therefore affect the PEOU and PU. The use
of this combined approach brought our attention to
the need to organize and facilitate time to learn to
gain knowledge and confidence to translate the use
of MR into practice and meaningful treatment and
gave Us tools to do so. In this way, we consciously
executed the process of gaining insight, i.e.
understanding what the innovation entails, and
discovering and learning together to get to
acceptance. This was a crucial step in the process of
change among all participants. Since, on the one
hand, patient acceptance influences therapists’
adoption, because they are trained to be client-
centered. On the other hand, the primary driver for
patients can be the therapist’'s recommendation.3

Implementing a technology-based innovation
requires time and effort to characterize underlying
mechanisms to accelerate the movement of the
application of technologies into the real world.3 In
this study, the available time constrained us in our
ability to address all the identified prerequisites
needed to optimize the implementation conditions,
mainly of a technical nature, before the start of the
pilot period. This had a negative influence on the
perceived usability at the beginning of the pilot
period. Hence, the necessary technical adjustments,
although later than planned, were still conducted
during the pilot period. This is reflected in the
appreciation of the usability at the end of the pilot
period, which is perceived as better when compared
with the start. Therefore, we cannot say with
certainty whether the improvement in PEOU is the
result of the gained user experience over time or from
the improvement in the technical conditions.

A recently published systematic review of the
potentials and limitations of Microsoft's® Hololens 2
in medical and healthcare context, showed that the
lack of guidelines, protocols, and standardization of
use are the most critical aspects in describing its



feasibility and applicability.® To the best of our
knowledge, our study is one of the few that addressed
precisely this area. Collaboration between all end
users resulted in a provisional guideline for working
methods in which we assessed the applicability within
a multidisciplinary team. To investigate the
applicability, itis, in our opinion, important to conduct
research within the specific setting and to start on a
micro level. Here we did bring to the surface what the
end users individually needed to gain knowledge and
achieve acceptance. In this study, we used strategies
like joint learning, facilitation of knowledge material,
and coaching on the job. If there is acceptance, one is
more willing to try the application in real-world
practice.®

With this created provisional guideline we assessed
the applicability, based on the user experience of
patients and healthcare professionals regarding the
feasibility, appropriateness, meaningfulness, and
effectiveness of MR. If these components are found
positive, it likely has a positive influence on the user
attitude. For therapists, the perceived effectiveness
might even be the biggest driver for rehabilitation
device use.3 Effectiveness is considered whether the
intervention achieves the intended effect which may
be a clinical outcome such as measurable changes in
improvement of function.* Although all participants
perceived subjective effectiveness, such as shifting
the focus resulting in a reduction in fear of movement
or increased motivation resulting in pushing
undiscovered boundaries, they all confirmed that
they were unable to assess these effects with clinical
outcome measures. To be able to show that the use
of MR contributes to improvement in physical
functions. Lack of this evidence could in some cases
negatively affect perceived usefulness, and thus
adoption. It is plausible that the perceived
meaningfulness, another component of the
applicability and related to the perceived usefulness,
of MR in this context may have contributed to the
positively perceived effectiveness despite the
inability to measure clinical outcomes.

Increasing individual training moments can
contribute to achieving the intensification of
movement training. Despite the experienced
usefulness, all patients indicated not to have
practiced more often during the pilot period with the
availability of MR. Similar findings were found in the
work of other researchers.34 So, although the focus on
individual use was not on the scope of this study,
enhancing this will affect the PU positively. We found
that the patient’s willingness to use depends on the
interaction  between  physical and  mental
characteristics and abilities.?*35 In this study, the
participants see opportunities in offering MR in
planned group therapy sessions. With this approach,
the load on the patients’ willingness is less than with

independent practice. An effect of this approach, due
to gaining user experience, can be the intensification
of movement training through more independent
practice. Which may have a positive effect on the
perceived usefulness and thus a facilitating influence
onthe adoption of MR for the targeted patient group.

We experienced the potential of MR to be used in
different paramedical disciplines, this could be a
factor that can facilitate adoption. This is mainly
because our findings show no distinction between the
backgrounds of the healthcare practitioners and their
MR application in practice. Within the exemplarian
phase, all healthcare practitioners showed behavioral
and practical changes and spoke about the
opportunities and possibilities how integrating MR
into their rehabilitation and practice. All healthcare
practitioners  trained balance, strength, and
locomotion with MR, and these are all conditionally
needed for the execution of the commonly reported
rehabilitation goals, namely mobility and activities of
daily living.® This challenges us to rather see training
towards goals as patient-related and not discipline-
related.

Technologies, alone or combined, have the
potential to offer a cost-effective way when
embedded in rehabilitation practice during the
subacute phase to deliver intensive training. Which is
essential owing to financial constraints experienced
and expected in healthcare *3° By conducting studies
like this, even if the conditions are not optimal, this
organization showed this willingness to prioritize
aligning with the current trends, but also with the
predicted future changes like the increasing demand
for the application of new technological
developments that may affect rehabilitation.

Recommendations for clinical practice

We learned a few lessons from this study that can be
useful for other researchers and healthcare
practitioners with the ambition to implement
innovative rehabilitation technologies into their
multidisciplinary rehabilitation practice:

0 Supported by literature and our own
experience, we encourage the use of a PAR
approach  supported by  theoretical
approaches for behavioral change.®2°3
This is to ensure that the study indeed
reflects the real-world practice where it is
essential to involve stakeholders in
meaningful ways to address a broad
conceptualization  of  multidisciplinary
adoption to achieve quality improvement by
changing practice.

0 PAR is also inherent to communication
between the researcher and the researched.



To understand the feelings and actions of
the researched, it is indispensable for the
researcher to know the reasons for their
actions.??> Therefore, we recommend
engaging a researcher who is closely
involved with those who are participating in
the study. This creates a community with a
more common understanding, which in turn
will facilitate communication.

0 MR can be used by multiple disciplines as a
tool  to  facilitate patient-specific
rehabilitation  training  during  the
rehabilitation  process. Therefore, we
recommend aiming the implementation
across the disciplines, this increases the
visibility and support among the healthcare
practitioners. This is important, since
healthcare practitioners are the primary
influencers to facilitate rehabilitation device
adoption, due to their power of
recommendation towards patients and
management.3?

0 Use of learning collaboratively with
‘superusers’ represents valuable
opportunities  to  provide healthcare
practitioners with the tools to increase MR
use. 3 It would be highly preferred to also
involve patients actively during these
knowledge-sharing activities since they are
end users t00. As a result, this will simulate
real-world practice in an educational
setting.

¢ Planned group training could contribute to
intensifying movement training, due to
increased motivation through collaborative
training and it still complies with the
preference to have the supervision of a
healthcare practitioner to address the goal
specificity in training.

CONCLUSION

towards the innovation and the mutual cooperation
between the end users. These factors have, therefore,
a significant influence on the adoption in clinical
practice. Results of this exploratory study, conducted
on a small-scale in a multidisciplinary rehabilitation
setting, revealed that patients with SCI/D and their
healthcare practitioners had an overall positive
attitude, i.e. perceived usability and usefulness,
towards the use of MR. Assessment of the
applicability, following the FAME framework
elements, showed that MR with Microsoft's®
Hololens 2 is applicable for the targeted group in this
specific rehabilitation setting. All aforementioned
factors are therefore considered facilitators for
adoption  and  can  support  subsequent
implementation efforts.

At the same time, we gained experience in using a
research approach that allowed us to focus on the
attitudes and the associated necessary process of
behavioral change of our end users. We were able to
design materials that support implementation within
group collaboration and gained insight into possible
forms of applications of MR in this multidisciplinary
setting. With the conduction of this study, we
provided a start that encourages us to identify and
facilitate other important adoption factors that will
positively influence the implementation of MR. To
aim to ensure sustainable use of MR in our usual care
practice to help maintain intensive movement
training during the subacute rehabilitation phase.

SUPPLEMENTARY INFORMATION

The intention to use MR during SCI/D rehabilitation
depends to a large extent on the users’ attitude
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ANNEX 1. User matrix
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ANNEX 1 (continued) User matrix
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