
Original Paper

Advancing Digital Access to Physical Therapy via Virtual and
Extended Reality Technology: Prototype Development and
Usability Evaluation

Victoria Lynn Tiase1*, PhD, RN; Julie M Fritz2*, PhD, PT; Jesse Ferraro3*, MFA; Gregory Bayles4, MA; Ahmad
Alsaleem5, PhD; Guilherme Del Fiol1*, MD, PhD; Kensaku Kawamoto1*, MD, PhD; Darrel Brodke6*, MD; Brook
Martin6*, MPH, PhD; Roger Altizer3*, PhD
1Department of Biomedical Informatics, School of Medicine, University of Utah, Salt Lake City, UT, United States
2Physical Therapy and Athletic Training, College of Health, University of Utah, Salt Lake City, UT, United States
3Population Health Sciences, School of Medicine, University of Utah, Salt Lake City, UT, United States
4Division of Games, College of Architecture and Planning, University of Utah, Salt Lake City, UT, United States
5School of Computing, College of Engineering, University of Utah, Salt Lake City, UT, United States
6Department of Orthopaedics, School of Medicine, University of Utah, Salt Lake City, UT, United States
*these authors contributed equally

Corresponding Author:
Victoria Lynn Tiase, PhD, RN
Department of Biomedical Informatics
School of Medicine, University of Utah
421 Wakara Way
Salt Lake City, UT 84112
United States
Phone: 1 801-585-3945
Email: victoria.tiase@utah.edu

Abstract
Background: The United States faces significant challenges in physical therapy (PT) access due to high demand, a shortage
of professionals, and patient-related obstacles, which can adversely affect recovery and function. Limited access to PT may
lead to increased dependence on medications for pain management, highlighting the need for nonpharmacologic options to
reduce opioid overprescribing. Low back pain, a leading cause of disability and high medical costs, is a common reason for
requiring PT following surgery. Studies have shown that virtual reality (VR)–guided movements can improve motor function
and reduce pain intensity.
Objective: The objective of this study was to design, develop, and evaluate a VR-based prototype for individualized
postoperative PT for patients recovering from back surgery to investigate its potential to improve convenience, access, and
health outcomes in future research.
Methods: Study methods involved participatory design and development of VR software for PT back exercises using the
design box method, an inductive, problem-oriented collaborative design approach. A usability evaluation of the resulting
prototype was conducted with patients recovering from back surgery using a think-aloud protocol and usability survey.
Results: Six participants evaluated the VR prototype and reported usability challenges that included mismatched VR
boundaries, limited familiarity with VR, and difficulties with the headset and hand controls. The System Usability Scale
resulted in a total usability score of 58.3 out of 100, indicating a below-average score (68 being average).
Conclusions: In the design and evaluation of a VR-based PT prototype, we found that while participants were enthusiastic,
they faced usability challenges due to insufficient instructions and difficulties operating the VR device, highlighting the
need for effective onboarding and extensive prototype testing to improve accessibility and engagement in health care. Future
evaluations will investigate disparities among different groups to ensure accessibility and effectiveness for all users.
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Introduction
The United States is currently experiencing significant
challenges in physical therapy (PT) access due to high
demand; a shortage of trained professionals; and obstacles
related to patients’ location, scheduling, and mobility issues
[1,2]. Many health systems across the country struggle to
provide the recommended PT care, leading to longer wait
times and extended periods without care, which can adversely
affect patients’ recovery and function [3,4]. This issue is
particularly concerning for older adults who may rely on PT
to maintain their independence [5,6]. As PT is an evidence-
based, nonpharmacological option for pain management,
limited access may drive patients to increasingly depend
on medications or other pain care options [7]. Expanding
access to nonpharmacologic options such as PT is a crucial
aspect of reducing overprescribing of opioids and other pain
medications and reducing the impact of pain on the quality
of life of individuals [8-10]. Despite efforts to train more
physical therapists, effective strategies that leverage scalable
technology, such as extended and virtual reality (VR), are still
needed to overcome all the barriers that limit access to PT
services [2].

Extended reality, an umbrella term that encompasses all
immersive technologies, including augmented reality and VR
technology, is rapidly transforming health care in numer-
ous innovative ways [11]. VR, a digital environment that
replaces the physical world, is being used to treat phobias
and mental health disorders [12]. Additionally, VR facilitates
health behaviors by encouraging physical activity within
enjoyable, engaging virtual environments [13]. Since 2019,
the adoption of VR in health care has grown, for exam-
ple, with the emergence of VR-based health care providers
who interact with patients virtually, eliminating the need for
physical presence [12]. VR has shown promising results in
orthopedic rehabilitation for chronic neck pain and shoulder
impingement syndrome and is considered a valuable tool
for upper-extremity neurorehabilitation and pain distraction
[13-15]. With the right equipment and training, VR offers a
novel and patient-centric solution to expand access to PT care
beyond what basic PT health applications can offer.

Low back pain is one of the most common reasons why
people seek PT as it is the leading cause of disability and
one of the costliest medical conditions, with Medicare data
revealing that 94% of patients with a new diagnosis of back
pain have an outpatient PT episode within a year [12,16,
17]. With this high need for PT, low back pain is a plau-
sible condition to explore the use of VR visits. Recently,
multiple studies have demonstrated that VR movements can
improve motor function outcomes, significantly reducing pain
intensity in patients with low back pain [17-19]. Additionally,

there is evidence suggesting that remote PT via telehealth
is comparable to in-person PT, with patients showing some
willingness to use this approach [20-22]. Developing a
VR-based PT program for patients with chronic low back
pain could be an effective strategy to expand access to PT
care to manage this condition.

In this study, ADAPT XR (Advancing Digital Access to
Physical Therapy via Virtual and Extended Reality Technol-
ogy), we designed and developed a VR-based prototype to
provide customized postoperative PT for patients recovering
from back surgery. This study consisted of two stages: (1)
participatory design and development of VR software for PT
back exercises and (2) usability evaluation of a prototype
VR-based PT intervention with patients recovering from back
surgery. We hypothesized that the VR-based care approach
for postsurgical back rehabilitation would be well received by
patients.

Methods
Participatory Design and Development
In the first phase, we used a participatory design approach
that was user-centric, visual, iterative, and collaborative,
fostering end-user engagement and design thinking [23].
We conducted 2 focus group sessions using the design box
method, a technique originally developed for video game
design that facilitates end-user collaboration in prototype
design and development [24,25]. Given the gaming aspects
of VR, we felt that the design box methodology would be
best suited for this application. One focus group comprised
physical therapists, and the second consisted of individuals
who had previously used PT services following back surgery.

The design box method, created by Altizer et al [25]
at the University of Utah, advances creative ideation by
allowing groups to generate ideas iteratively and design
prototype features using a visual tool. It is an inductive
design methodology built around the notion that good design
solves a problem. This method includes drawing 4 “walls” or
constraints on an electronic whiteboard: problem, technology,
audience, and aesthetics (Figure 1). The moderator, a member
of the research team, gathers input from participants for each
wall in sequence, recording their contributions in real time for
everyone to see. Once theoretical saturation is reached and no
new ideas are generated, design box focus group participants
refine the ideas to arrive at a clear design that the entire group
supports, otherwise referred to as the “pitch.” By leveraging
the 4 walls as constraints, participants are free to pitch any
idea that addresses the problem statement, technical needs,
audience needs, and agreed-upon aesthetics.
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Figure 1. Design box methodology with 4 walls or constraints.

For the physical therapist focus group, we recruited therapists
with outpatient experience in providing PT. Using purposive
sampling, we targeted physical therapists at the University
of Utah in Salt Lake City, Utah, through email and word of
mouth. Additionally, we used a snowball sampling technique,
asking existing study subjects and local contacts to iden-
tify other potential participants. The inclusion criteria were
individuals who were aged ≥18 years, English speaking, and
licensed to practice PT.

For the second focus group, we recruited individuals who
had undergone PT following surgery for back pain. Using
both purposive and snowball sampling, we asked health
care providers to refer patients who met the criteria. Other
inclusion criteria were individuals who were aged ≥18 years,
English speaking, and able to meet via Zoom (Zoom Video
Communications).

Once the design box focus group sessions were completed,
prototype development for the VR application commenced.
To facilitate development, the notes and whiteboards from
the design box sessions were summarized and analyzed to
determine which ideas or features were common and fit
within the scope of the project. The analysis of design boxes
shares similarities with inductive approaches as the core
design of the project emerges from commonalities in and
observations of the design box sessions [26]. The core design
is broken down into features, which in turn are put into a
production backlog, facilitating agile software development
[27].

A team of 3 graduate students, 1 producer, and 1 engineer
from the Therapeutic Games and Apps Lab at the Univer-
sity of Utah reviewed and aligned the design box results
with the capabilities of the Meta Quest VR device (Reality
Labs), adding further nuance to the design and backlog. The
Meta Quest VR device, a commercial off-the-shelf technol-
ogy, was selected due to its market prominence, making it
easy for translation and adoption. It should be noted that
members of the research team were also members of the
development team, allowing for negotiation between features
that participants in the design box sessions wanted and what
was technically feasible and within the project’s scope.

To decide which PT exercise to prototype, the team met
with physical therapists to review which exercises were used

in postsurgical back pain PT and could be tracked using the
controllers and headset of the Meta Quest VR system. The
development team at the Therapeutic Games and Apps Lab
created a detailed design plan for the leg squat exercise,
identified by the PT experts as commonly used in postsurgical
back pain PT. The plan was based on 2-week sprint cycles
of software development, a key aspect of agile development
[27]. Sprint cycles allow for work to be broken down into
scheduled iterations, which in turn allow for rapid develop-
ment and the flexibility to modify any features in between
sprint cycles based on user, expert, and team feedback [27].
A total of 5 sprint cycles were executed for this project.
Using the development platform Unity (Unity Technologies),
the team programmed the prototype’s functionality, integrat-
ing VR-specific features such as hand tracking and 6-df
movement. Rigorous testing was conducted to ensure smooth
performance and a safe, immersive experience, addressing
any technical flaws or issues. A functioning prototype for
the Meta Quest device was completed and used during the
usability evaluation phase.
Usability Evaluation
Following the development of the prototype, participants who
had previously undergone PT following surgery for back
pain were recruited for a 1-hour in-person session to take
part in a usability evaluation. Recruitment strategies included
soliciting patients from the University of Utah Orthopedic
Center and the researchers’ professional contacts. Using
both purposive and snowball sampling, we asked health
care providers to refer patients who met the criteria. Inclu-
sion criteria specified individuals aged ≥18 years who were
English speaking and had completed PT for postsurgical back
pain. Patients currently undergoing treatment for postsurgical
back pain were excluded from the study so as to not interfere
with treatment regimens.

The usability evaluation comprised several steps, including
an interview using a think-aloud protocol and a postuse
survey [28,29]. To ensure adherence to study procedures, the
research team developed guidance documents for the Meta
Quest setup and cleaning between uses, think-aloud protocol
questions, postuse survey questions, and safety procedures.
Three members of the research team, all trained in usability
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methods, were present for each of the usability evaluation
sessions.

Once eligibility was confirmed and consent was comple-
ted, participants were introduced to the general use of the
Meta Quest headset and hand controllers. Participants were
asked to perform the tasks as instructed by the VR prototype.
Subsequently, participants were asked a series of questions
and probes in conjunction with the think-aloud protocol to
facilitate a deeper exploration of their interaction with the
tool. Examples of probes included “What do you think that
means?” or “Is that what you expected to see?” The ques-
tions were designed to progress from general to more specific
information.

Additionally, each participant completed a 10-item
validated survey tool, the industry-standard System Usa-
bility Scale (SUS), to assess factors such as perceived
user performance, perceived decision quality, and perceived
task completion time [30]. Responses were collected using
REDCap (Research Electronic Data Capture; Vanderbilt
University), a secure web application [31-33]. Given the
formative and diagnostic nature of this study, our pri-
mary focus was on identifying significant usability issues.
Following SUS guidelines, we calculated a percentile ranking
and average score for the responses.

Conceptually, we used thematic saturation, ceasing
recruitment when no new insights or themes emerged
from the data [34]. Unlike quantitative studies, qualitative
studies typically have smaller sample sizes, and guidance for
qualitative sample sizes indicates that above 5 is considered
adequate for identifying a large portion of usability issues
[35-37]. At the conclusion of the usability evaluation, we
advised participants to wait for 30 minutes before attempting
to drive home or operate heavy machinery as disorientation or
nausea could pose safety risks after using a VR device.

Verbatim transcripts were anonymized and verified by a
second investigator. Free-text segments were excerpted from
the transcripts for content analysis. Using a securely stored
spreadsheet, 3 members of the research team coded the

transcripts based on the 9 concepts of the Health Informa-
tion Technology Usability Evaluation Model [38,39]. To
enhance rigor, coders first underwent a group coding session
to establish a shared understanding of the coding framework.
Instead of calculating intercoder reliability, we conducted
iterative consensus coding. Through group consensus, we
labeled segments as “positive,” “negative,” and “neutral” for
the 9 concepts. Regular meetings with the coders were held
to discuss and resolve discrepancies, refine the codebook, and
ensure consistent application of the conceptual categories in
line with qualitative best practices.
Ethical Considerations
This study received ethics approval from the University
of Utah Institutional Review Board (00165806). After the
usability evaluation, participants were emailed a US $50
gift card as compensation for taking part. All participants
provided written informed consent prior to participation and
were informed of the study purpose, procedures, potential
risks, and their right to withdraw at any time without
penalty. To protect participant confidentiality, all raw data
were de-identified prior to analysis. A separate linkage file
connecting participants to study IDs was stored in a secure,
encrypted location accessible only to the study team. No
identifiable information was shared outside the research team.

Results
Participatory Design and Development
Seven individuals met the inclusion criteria for the design
box focus groups: 3 (43%) physical therapists and 4 (57%)
individuals who had undergone PT for postsurgical back pain.
Each of the sessions lasted approximately 90 minutes and was
audio recorded. The sessions were conducted using Zoom,
and the moderator used Miro as the electronic whiteboard.
Idea refinement for each of the constraints is shown in Table
1. All participants enthusiastically supported the vision of
designing VR-enabled PT exercises.

Table 1. ADAPT XR (Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology) design box constraints and ideas
resulting from the focus group sessions.
Constraint Final idea convergence
Problem Fear of reinjury if unsupervised
Technology Novelty; simple to use
Audience Convenient; fit into schedule
Aesthetics Fun; mini games in between repetitions to keep the intervention engaging

The pitches from the design box session were reflected
in the final prototype design, functionality, and user experi-
ence. The VR prototype contained basic menus, buttons, and
other interactive elements (Figure 2). The virtual environment
resembled a high-technology gym setting with a futuristic
avatar used to demonstrate the leg squat exercise (Figure
3). This aesthetic was chosen based on feedback from the

design box participants. Participants wanted the environment
to be more “fun and exciting” than a standard gym. Addi-
tionally, participants mentioned that while some had positive
associations with PT gyms, others had negative ones due to
postsurgical discomfort.

The VR software leveraged visual and auditory feedback
to indicate users’ actions in the software. Buttons would
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animate to appear pressed, and audio was used to give
additional feedback. The users were able to view the avatar
(or coach) in front of them demonstrating the exercise and
could mirror their movements. Users had the ability to touch
buttons or use a virtual laser pointer to click on user interface
elements that were out of reach. The VR software enabled
users, who may be experiencing physical discomfort, to
interact with the user interface without needing to stretch
or bend. The experience began with an introduction to the

environment and a demonstration of how to perform a leg
squat, along with advice on how to do so properly and
safely. The users were then able to practice along with the
avatar in front of them. Users could decide between 2 modes
for their exercise: a timed mode and a counter mode. This
choice allowed users to perform as many squats as they
wanted to in a given period or take their time and do a
number of repetitions without a timer. The system tracked
their movements and automatically counted each squat.

Figure 2. ADAPT XR (Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology) virtual reality prototype menu.

Figure 3. ADAPT XR (Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology) avatar and exercise demonstra-
tion.

Usability Evaluation
Six individuals were recruited for the in-person usability
evaluation sessions with 30 to 45 minutes of VR exposure at
the orthopedic clinic. Participants were mostly female (n=5,

83%) and aged >50 years (n=4, 67%; mean age 58.3, SD 11.7
y), and 100% (6/6) identified as non-Hispanic White. Overall,
participants were enthusiastic about using the VR tool, noting
that it was “fun” and “makes exercise less boring.” However,
participants reported usability issues related to information
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needs, especially a lack of clarity on where to move, what to
do next, and how many repetitions were completed. Usability
issues were also identified concerning the use of the hand
controllers and wearing the headset. Representative quotes
for each of the 9 Health Information Technology Usability
Evaluation Model concepts, along with their descriptions, are
shown in Table 2.

The SUS scores were analyzed by averaging the responses
from the 6 participants by question (Table 3) and calculat-
ing a total adjusted score. Using the Nielsen Norman Group
usability guidelines [40], we found a total usability score of
58.3 for the VR prototype, indicating a below-average score
[41].

Table 2. Health Information Technology Usability Evaluation Model concepts, descriptions, and representative quotes resulting from the ADAPT-
XR (Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology) virtual reality (VR) tool usability evaluation.
Concept Description Representative quote
Error prevention The VR tool offers error management; error

correction; or error prevention, such as instructions
or reminders, to assist users performing tasks.

“Yes, it says to move to the area and then lights up a few seconds
afterwards. It says move to highlighted area to continue and I’m right
on it.” [Neutral]

Completeness The VR tool is able to assist users in successful
completion of tasks.

“Congratulations, now it says I’m done, I didn’t even get to do any
squats.” [Negative]

Memorability Users can remember how to perform tasks in the VR
tool easily.

“Okay I’m squatting this is about as far as I can go. Okay, I’m just
going to keep going with him. He had a good suggestion so I like that
oh I get it so he wants me to keep going.” [Positive]

Information needs The information offered by the VR tool is for basic
task performance or to improve task performance.

“He is informative when he walked me through how to do, like it was
helpful how he told me to keep my feet down, tuck in my hips so that
was helpful.” [Positive]

Flexibility and
customizability

The VR tool provides more than one way to
accomplish tasks, which allows users to operate the
system as preferred.

“The instructions probably go a little fast because it’s reading the text
and I tend to read the text and not listen to the guy as much, and so
the avatar was in front of the text and that was annoying.” [Negative]

Learnability Users are able to easily learn how to operate the VR
tool.

“Okay this is the first problem I see a B but it really looks like it
should be X so it’s not as it’s written left is X and right is Y and, on
the thing, it shows X is below Y.” [Negative]

Performance speed Users are able to use the VR tool efficiently. “While it was doing the tutorial, the avatar was showing you how to
do it at the same time and then it went into a squat and then it gives
you more instructions and you have to hold the squat for a long time.
Like I was thinking…. Whoa….” [Negative]

Competency Users are confident in their ability to perform tasks
using the VR tool.

“Oh wow off balance, I don’t think I can do that.” [Negative]

Other outcomes Other VR tool-specific outcomes such as user
expectations.

“This would be good for patients out of state.” [Positive]

Table 3. Means and SDs of System Usability Scale (SUS) responses (5-point Likert scale: 1=“strongly disagree,” 2=“disagree,” 3=“neither agree nor
disagree,” 4=“agree,” and 5=“strongly agree”) for the ADAPT-XR (Advancing Digital Access to Physical Therapy via Virtual and Extended Reality
Technology) virtual reality (VR) tool usability evaluation.
SUS item Score, mean (SD)
“I think that I would like to use this VR tool frequently.” 3.83 (1.07)
“I found the VR tool unnecessarily complex.” 3.00 (1.00)
“I thought the VR tool was easy to use.” 3.17 (0.90)
“I think that I would need the support of a technical person to be able to use this VR tool.” 3.00 (1.15)
“I found the various functions of this VR tool were well integrated.” 4.17 (0.37)
“I thought there was too much inconsistency in this VR tool.” 2.67 (1.11)
“I would imagine that most people would learn to use this VR tool very quickly.” 3.33 (1.37)
“I found the VR tool very cumbersome to use.” 3.00 (1.15)
“I felt very confident using the VR tool.” 3.17 (1.07)
“I needed to learn a lot of things before I could get going with this VR tool.” 2.67 (1.11)
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Discussion
Principal Findings
In this study, we identified several challenges while evaluat-
ing the usability of a prototype version of the ADAPT XR
VR tool. Although some participants gave positive feedback,
we found usability issues related to operating the device
and navigating the physical space. As the VR environment
requires boundaries to enable user movement while main-
taining immersion, settings must be applied in advance of
use. However, the boundaries in the VR prototype did not
match the physical space available for the evaluation sessions.
Additionally, the boundaries were overly restrictive, causing
participant discomfort and frustration with where to move.
Future iterations need to address these boundary issues to
ensure accurate usability results as well as participant safety.

Usability was also impacted by participants’ overall
familiarity with VR. They found the headset difficult to
adjust and uncomfortable to wear. Additionally, there were
challenges in using the hand controls and selecting menu
options. This was reflected in the SUS scores, which
indicated the complexity of the VR tool and the need for
significant learning before use. Evaluating the usability of
VR tools can be complex given the multiple hardware and
software components. However, our usability score of 58.3
is in line with other technology prototype scores, and we
believe that it provides an adequate baseline to improve upon
[42]. Future evaluations would benefit from offering a general
orientation to VR hardware and environments before testing a
particular application.
Comparison to Prior Work
To enhance usability during the development process, we
used design box participatory methods to investigate user
expectations alongside a usability evaluation of the initial
prototype. While the design and development of the exercises
were feasible, the usability aspects required more attention
than anticipated. As found in other studies, human factors
issues, such as poor interfaces, lack of user feedback, and
physical limitations, are significant barriers to acceptability in
patient-facing technologies and can negatively impact health
outcomes [43]. Additionally, ergonomic issues have been
cited in VR applications for office work and teaching [44,
45]. Canniff and Cliburn [44] reported discomfort with the
headset as the most important finding of their evaluation of
the Oculus Quest with students. To our knowledge, this is the
first study to report similar issues in a health care context.
Although we acknowledge that some of the usability issues
are limitations of the current VR technology available, in
future testing, we intend to place a focus on the physical
aspects of the tool to understand the impact of comfort on
continued use.

Future Directions
As this study evaluated our initial prototype design, we
plan to conduct multiple rounds of prototype testing as we
iteratively refine the tool, and we expect usability to improve
with further rounds of refinement. We will focus on evalu-
ating a single exercise, the leg squat, within the VR tool
to gain detailed insights into its usability by incorporating
feedback mechanisms to assess whether the exercise was
done correctly and the individual’s ability to balance. This
targeted approach will allow us to make specific adjustments
and better understand user experiences. Additionally, we will
implement a comprehensive onboarding process to familiarize
users with VR devices and environments before evaluating
the specific application. We believe that onboarding will be
critical for VR tool usability until VR devices become more
intuitive and are widely adopted. We plan to further inves-
tigate how the use of VR tools may exacerbate disparities
among different groups, such as technology-savvy individ-
uals, rural communities, and those with a lower socioeco-
nomic status. This will help us identify and mitigate potential
barriers to access and usability. We are also interested in
investigating how different age groups interact with the VR
tool, identifying any unique challenges or preferences that
may arise and ensuring that the tool is accessible and effective
for users of all ages and abilities.
Limitations
The findings are constrained by the self-selection of patients
interested in new technologies and a reliance on purposive
sampling given the need to meet in person, both of which may
not have resulted in a sample representative of the broader
patient population. Consequently, the usability and accepta-
bility of the technology might be overestimated as individuals
with varied levels of technology savviness could encounter
more difficulties. Future research should include a more
diverse range of participants to ensure that the technology is
accessible and effective for all users, particularly those from
various care settings, rural areas, and non–English-speaking
backgrounds. There may be potential biases as members of
the research team also participated in development; however,
this was important for the translation of the findings to
the design of the prototype. In addition, this work did not
explore whether the participants were executing the exercise
correctly, which is planned as part of future enhancements.
Future stages of the prototype should incorporate methods
to evaluate the exercise intervention in the user’s preferred
setting (eg, at home), include perspectives from physical
therapists, and measure patient outcomes compared to current
PT methods.
Conclusions
In this study, we designed and evaluated the usability of
a prototype for a VR-based PT intervention. While there
was enthusiasm and interest in using a VR tool at home,
participants were dissatisfied with the prototype’s usability,
particularly related to the device itself. Usability issues were
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connected to the need for more instructions and difficul-
ties interacting with the VR device. The findings highlight
the importance of understanding users’ baseline knowledge
of VR and creating effective onboarding materials. Future
research should focus on extensive prototype testing and use
multiple methods to evaluate the usability and acceptability of

VR technology, as well as include an orientation to VR, as it
was many participants’ first experience with the technology.
Overall, VR tools have the potential to expand care access
to rural and underserved communities and increase patient
autonomy, making health care more engaging.

Acknowledgments
The authors acknowledge the Software Development and Systems Design Core at the University of Utah for its services. This
study was funded by the Ben B. and Iris M. Margolis Foundation.
Data Availability
The datasets generated or analyzed during this study are not publicly available due to the presence of protected health
information and restrictions under HIPAA (Health Insurance Portability and Accountability Act) regulations but are available
from the corresponding author on reasonable request.
Authors’ Contributions
RA, GB, JMF, and VLT conducted the design box sessions. RA, JF, and VLT conducted the usability evaluation. All authors
participated in the writing of the manuscript and approved the final version.
Conflicts of Interest
None declared.
References
1. Phanse VA. Critical gaps in physical therapy in the United States of America: exploring the shortage and Schedule A

classification. Prog Med Sci. 2022;6(1):1-3. [doi: 10.47363/PMS/2024(8)E115]
2. Childs JD, Benz LN, Arellano A, Briggs AA, Walker MJ. Challenging assumptions about the future supply and demand

of physical therapists in the United States. Phys Ther. Jan 1, 2022;102(1):pzab239. [doi: 10.1093/ptj/pzab239] [Medline:
34662413]

3. Smith JM, Lee AC, Zeleznik H, et al. Home and community-based physical therapist management of adults with post-
intensive care syndrome. Phys Ther. Jul 19, 2020;100(7):1062-1073. [doi: 10.1093/ptj/pzaa059] [Medline: 32280993]

4. Fritz JM, Lane E, McFadden M, et al. Physical therapy referral from primary care for acute back pain with sciatica: a
randomized controlled trial. Ann Intern Med. Jan 2021;174(1):8-17. [doi: 10.7326/M20-4187] [Medline: 33017565]

5. McKinney J, Kelm N, Windsor B, Keyser LE. Addressing health care access disparities through a public health approach
to physical therapist practice. Phys Ther. Oct 2, 2024;104(10):pzae136. [doi: 10.1093/ptj/pzae136] [Medline: 39288092]

6. O’Bright K, Peterson S. Physical therapists in primary care in the United States: an overview of current practice models
and implementation strategies. Phys Ther. Dec 6, 2024;104(12):pzae123. [doi: 10.1093/ptj/pzae123] [Medline:
39223935]

7. Giannitrapani KF, Ahluwalia SC, McCaa M, Pisciotta M, Dobscha S, Lorenz KA. Barriers to using nonpharmacologic
approaches and reducing opioid use in primary care. Pain Med. Jul 1, 2018;19(7):1357-1364. [doi: 10.1093/pm/pnx220]
[Medline: 29059412]

8. Arnold E, La Barrie J, DaSilva L, Patti M, Goode A, Clewley D. The effect of timing of physical therapy for acute low
back pain on health services utilization: a systematic review. Arch Phys Med Rehabil. Jul 2019;100(7):1324-1338. [doi:
10.1016/j.apmr.2018.11.025] [Medline: 30684490]

9. Davenport TE, DeVoght AC, Sisneros H, Bezruchka S. Navigating the intersection between persistent pain and the
opioid crisis: population health perspectives for physical therapy. Phys Ther. Jun 23, 2020;100(6):995-1007. [doi: 10.
1093/ptj/pzaa031] [Medline: 32115638]

10. Pritchard KT, Baillargeon J, Lee WC, Raji MA, Kuo YF. Trends in the use of opioids vs nonpharmacologic treatments in
adults with pain, 2011-2019. JAMA Netw Open. Nov 1, 2022;5(11):e2240612. [doi: 10.1001/jamanetworkopen.2022.
40612] [Medline: 36342717]

11. Pawassar CM, Tiberius V. Virtual reality in health care: bibliometric analysis. JMIR Serious Games. Dec 1,
2021;9(4):e32721. [doi: 10.2196/32721] [Medline: 34855606]

12. Karlsson M, Bergenheim A, Larsson ME, Nordeman L, van Tulder M, Bernhardsson S. Effects of exercise therapy in
patients with acute low back pain: a systematic review of systematic reviews. Syst Rev. Aug 14, 2020;9(1):182. [doi: 10.
1186/s13643-020-01412-8] [Medline: 32795336]

13. Ceradini M, Losanno E, Micera S, Bandini A, Orlandi S. Immersive VR for upper-extremity rehabilitation in patients
with neurological disorders: a scoping review. J Neuroeng Rehabil. May 11, 2024;21(1):75. [doi: 10.1186/s12984-024-
01367-0] [Medline: 38734690]

JMIR FORMATIVE RESEARCH Tiase et al

https://formative.jmir.org/2025/1/e73783 JMIR Form Res2025 | vol. 9 | e73783 | p. 8
(page number not for citation purposes)

https://doi.org/10.47363/PMS/2024(8)E115
https://doi.org/10.1093/ptj/pzab239
http://www.ncbi.nlm.nih.gov/pubmed/34662413
https://doi.org/10.1093/ptj/pzaa059
http://www.ncbi.nlm.nih.gov/pubmed/32280993
https://doi.org/10.7326/M20-4187
http://www.ncbi.nlm.nih.gov/pubmed/33017565
https://doi.org/10.1093/ptj/pzae136
http://www.ncbi.nlm.nih.gov/pubmed/39288092
https://doi.org/10.1093/ptj/pzae123
http://www.ncbi.nlm.nih.gov/pubmed/39223935
https://doi.org/10.1093/pm/pnx220
http://www.ncbi.nlm.nih.gov/pubmed/29059412
https://doi.org/10.1016/j.apmr.2018.11.025
http://www.ncbi.nlm.nih.gov/pubmed/30684490
https://doi.org/10.1093/ptj/pzaa031
https://doi.org/10.1093/ptj/pzaa031
http://www.ncbi.nlm.nih.gov/pubmed/32115638
https://doi.org/10.1001/jamanetworkopen.2022.40612
https://doi.org/10.1001/jamanetworkopen.2022.40612
http://www.ncbi.nlm.nih.gov/pubmed/36342717
https://doi.org/10.2196/32721
http://www.ncbi.nlm.nih.gov/pubmed/34855606
https://doi.org/10.1186/s13643-020-01412-8
https://doi.org/10.1186/s13643-020-01412-8
http://www.ncbi.nlm.nih.gov/pubmed/32795336
https://doi.org/10.1186/s12984-024-01367-0
https://doi.org/10.1186/s12984-024-01367-0
http://www.ncbi.nlm.nih.gov/pubmed/38734690
https://formative.jmir.org/2025/1/e73783


14. Gumaa M, Rehan Youssef A. Is virtual reality effective in orthopedic rehabilitation? A systematic review and meta-
analysis. Phys Ther. Oct 28, 2019;99(10):1304-1325. [doi: 10.1093/ptj/pzz093] [Medline: 31343702]

15. Hoffman HG, Chambers GT, Meyer 3rd WJ 3rd, et al. Virtual reality as an adjunctive non-pharmacologic analgesic for
acute burn pain during medical procedures. Ann Behav Med. Apr 2011;41(2):183-191. [doi: 10.1007/s12160-010-9248-
7] [Medline: 21264690]

16. The Moran Company. Initial treatment intervention and average total Medicare A/B costs for FFS beneficiaries with an
incident low back pain (lumbago) diagnosis in CY 2014. Alliance for Physical Therapy Quality and Innovation. 2017.
URL: https://www.aptqi.com/Resources/documents/APTQI-Complete-Study-Initial-Treatment-Intervention-Lumbago-
May-2017.pdf [Accessed 2025-10-18]

17. Brea-Gómez B, Torres-Sánchez I, Ortiz-Rubio A, et al. Virtual reality in the treatment of adults with chronic low back
pain: a systematic review and meta-analysis of randomized clinical trials. Int J Environ Res Public Health. Nov 11,
2021;18(22):11806. [doi: 10.3390/ijerph182211806] [Medline: 34831562]

18. Bordeleau M, Stamenkovic A, Tardif PA, Thomas J. The use of virtual reality in back pain rehabilitation: a systematic
review and meta-analysis. J Pain. Feb 2022;23(2):175-195. [doi: 10.1016/j.jpain.2021.08.001] [Medline: 34425250]

19. Alemanno F, Houdayer E, Emedoli D, et al. Efficacy of virtual reality to reduce chronic low back pain: proof-of-concept
of a non-pharmacological approach on pain, quality of life, neuropsychological and functional outcome. PLoS One. May
23, 2019;14(5):e0216858. [doi: 10.1371/journal.pone.0216858] [Medline: 31120892]

20. Fritz JM, Minick KI, Brennan GP, et al. Outcomes of telehealth physical therapy provided using real-time,
videoconferencing for patients with chronic low back pain: a longitudinal observational study. Arch Phys Med Rehabil.
Oct 2022;103(10):1924-1934. [doi: 10.1016/j.apmr.2022.04.016] [Medline: 35667399]

21. Fritz JM, Lane E, Minick KI, et al. Perceptions of telehealth physical therapy among patients with chronic low back pain.
Telemed Rep. Nov 3, 2021;2(1):258-263. [doi: 10.1089/tmr.2021.0028] [Medline: 34927165]

22. Seron P, Oliveros MJ, Gutierrez-Arias R, et al. Effectiveness of telerehabilitation in physical therapy: a rapid overview.
Phys Ther. Jun 1, 2021;101(6):pzab053. [doi: 10.1093/ptj/pzab053] [Medline: 33561280]

23. Leask CF, Sandlund M, Skelton DA, et al. Framework, principles and recommendations for utilising participatory
methodologies in the co-creation and evaluation of public health interventions. Res Involv Engagem. Jan 9, 2019;5:2.
[doi: 10.1186/s40900-018-0136-9] [Medline: 30652027]

24. Desselle M, Holland L, McKittrick A, Altizer R Jr, Gray P, Brown J. Augmenting the design box: virtual reality pain
relief for australian burns survivors case study. Presented at: SeGAH 2020: IEEE 8th International Conference on
Serious Games and Applications for Health 2020; Aug 12-14, 2020; Online Conference. URL: https://eprints.qut.edu.au/
211601/ [Accessed 2025-10-18]

25. Altizer R Jr, Zagal JP, Johnson E, et al. Design box case study: facilitating interdisciplinary collaboration and
participatory design in game development. Presented at: CHI PLAY’17: Extended Abstracts Publication of the Annual
Symposium on Computer-Human Interaction in Play; Oct 15-18, 2017; Amsterdam, The Netherlands. [doi: 10.1145/
3130859.3131333]

26. Glaser B, Strauss A. Discovery of Grounded Theory: Strategies for Qualitative Research. Routledge; 2017. [doi: 10.
4324/9780203793206] ISBN: 9780203793206

27. Beck K, Beedle M, van Bennekum A, et al. Manifesto for agile software development. Agile Manifesto. 2001. URL:
https://agilemanifesto.org [Accessed 2024-10-01]

28. Rose AF, Schnipper JL, Park ER, Poon EG, Li Q, Middleton B. Using qualitative studies to improve the usability of an
EMR. J Biomed Inform. Feb 2005;38(1):51-60. [doi: 10.1016/j.jbi.2004.11.006] [Medline: 15694885]

29. Li AC, Kannry JL, Kushniruk A, et al. Integrating usability testing and think-aloud protocol analysis with “near-live”
clinical simulations in evaluating clinical decision support. Int J Med Inform. Nov 2012;81(11):761-772. [doi: 10.1016/j.
ijmedinf.2012.02.009] [Medline: 22456088]

30. Brooke J. SUS-a quick and dirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland IL, editors.
Usability Evaluation in Industry. 1996:189-194. [doi: 10.1201/9781498710411] ISBN: 9780429157011

31. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform. Apr 2009;42(2):377-381. [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

32. Harris AM, Hicks LA, Qaseem A, High Value Care Task Force of the American College of Physicians and for the
Centers for Disease Control and Prevention. Appropriate antibiotic use for acute respiratory tract infection in adults:
advice for high-value care from the American College of Physicians and the Centers for Disease Control and Prevention.
Ann Intern Med. Mar 15, 2016;164(6):425-434. [doi: 10.7326/M15-1840] [Medline: 26785402]

33. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an international community of software
platform partners. J Biomed Inform. Jul 2019;95:103208. [doi: 10.1016/j.jbi.2019.103208] [Medline: 31078660]

JMIR FORMATIVE RESEARCH Tiase et al

https://formative.jmir.org/2025/1/e73783 JMIR Form Res2025 | vol. 9 | e73783 | p. 9
(page number not for citation purposes)

https://doi.org/10.1093/ptj/pzz093
http://www.ncbi.nlm.nih.gov/pubmed/31343702
https://doi.org/10.1007/s12160-010-9248-7
https://doi.org/10.1007/s12160-010-9248-7
http://www.ncbi.nlm.nih.gov/pubmed/21264690
https://www.aptqi.com/Resources/documents/APTQI-Complete-Study-Initial-Treatment-Intervention-Lumbago-May-2017.pdf
https://www.aptqi.com/Resources/documents/APTQI-Complete-Study-Initial-Treatment-Intervention-Lumbago-May-2017.pdf
https://doi.org/10.3390/ijerph182211806
http://www.ncbi.nlm.nih.gov/pubmed/34831562
https://doi.org/10.1016/j.jpain.2021.08.001
http://www.ncbi.nlm.nih.gov/pubmed/34425250
https://doi.org/10.1371/journal.pone.0216858
http://www.ncbi.nlm.nih.gov/pubmed/31120892
https://doi.org/10.1016/j.apmr.2022.04.016
http://www.ncbi.nlm.nih.gov/pubmed/35667399
https://doi.org/10.1089/tmr.2021.0028
http://www.ncbi.nlm.nih.gov/pubmed/34927165
https://doi.org/10.1093/ptj/pzab053
http://www.ncbi.nlm.nih.gov/pubmed/33561280
https://doi.org/10.1186/s40900-018-0136-9
http://www.ncbi.nlm.nih.gov/pubmed/30652027
https://eprints.qut.edu.au/211601/
https://eprints.qut.edu.au/211601/
https://doi.org/10.1145/3130859.3131333
https://doi.org/10.1145/3130859.3131333
https://doi.org/10.4324/9780203793206
https://doi.org/10.4324/9780203793206
https://agilemanifesto.org
https://doi.org/10.1016/j.jbi.2004.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15694885
https://doi.org/10.1016/j.ijmedinf.2012.02.009
https://doi.org/10.1016/j.ijmedinf.2012.02.009
http://www.ncbi.nlm.nih.gov/pubmed/22456088
https://doi.org/10.1201/9781498710411
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.7326/M15-1840
http://www.ncbi.nlm.nih.gov/pubmed/26785402
https://doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/pubmed/31078660
https://formative.jmir.org/2025/1/e73783


34. Guest G, Namey E, Chen M. A simple method to assess and report thematic saturation in qualitative research. PLoS One.
May 5, 2020;15(5):e0232076. [doi: 10.1371/journal.pone.0232076] [Medline: 32369511]

35. Nielsen J. Estimating the number of subjects needed for a thinking aloud test. Int J Hum Comput Stud. Sep
1994;41(3):385-397. [doi: 10.1006/ijhc.1994.1065]

36. Nielsen J. How many test users in a usability study? Nielsen Norman Group. 2012. URL: https://www.nngroup.com/
articles/how-many-test-users/ [Accessed 2025-10-18]

37. Virzi RA. Refining the test phase of usability evaluation: how many subjects is enough? Hum Factors.
1992;34(4):457-468. [doi: 10.1177/001872089203400407]

38. Yen PY. Health information technology usability evaluation: methods, models, and measures [Dissertation]. Columbia
University; 2010. URL: https://www.proquest.com/openview/0df85be25e4479c55d4b72b070dc034c/1?pq-origsite=
gscholar&cbl=18750&diss=y [Accessed 2025-10-18]

39. Cho H, Yen PY, Dowding D, Merrill JA, Schnall R. A multi-level usability evaluation of mobile health applications: a
case study. J Biomed Inform. Oct 2018;86:79-89. [doi: 10.1016/j.jbi.2018.08.012] [Medline: 30145317]

40. The System Usability Scale (SUS). Nielsen Norman Group. URL: https://www.nngroup.com/videos/system-usability-
scale/ [Accessed 2025-10-23]

41. Lewis JR, Sauro J. Item benchmarks for the system usability scale. J Usability Stud. 2018;13(3):158-167. [doi: 10.5555/
3294033.3294037]

42. Sutori S, Eliasson ET, Mura F, et al. Acceptability, usability, and insights into cybersickness levels of a novel virtual
reality environment for the evaluation of depressive symptoms: exploratory observational study. JMIR Form Res. Apr
16, 2025;9:e68132. [doi: 10.2196/68132] [Medline: 40238239]

43. Carayon P, Hoonakker P. Human factors and usability for health information technology: old and new challenges. Yearb
Med Inform. Aug 2019;28(1):71-77. [doi: 10.1055/s-0039-1677907] [Medline: 31419818]

44. Canniff K, Cliburn DC. Teaching virtual reality in virtual reality. Presented at: 8th International Conference of the
Immersive Learning Research Network (iLRN); May 30 to Jun 4, 2022; Vienna, Austria. [doi: 10.23919/iLRN55037.
2022.9815930]

45. Kim E, Shin G. User discomfort while using a virtual reality headset as a personal viewing system for text-intensive
office tasks. Ergonomics. Jul 2021;64(7):891-899. [doi: 10.1080/00140139.2020.1869320] [Medline: 33357004]

Abbreviations
ADAPT XR: Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology
PT: physical therapy
REDCap: Research Electronic Data Capture
SUS: System Usability Scale
VR: virtual reality

Edited by Amaryllis Mavragani, Javad Sarvestan; peer-reviewed by Bert Bonroy, Courtney Hess; submitted 18.Mar.2025;
final revised version received 28.Sep.2025; accepted 29.Sep.2025; published 05.Dec.2025

Please cite as:
Tiase VL, Fritz JM, Ferraro J, Bayles G, Alsaleem A, Del Fiol G, Kawamoto K, Brodke D, Martin B, Altizer R
Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology: Prototype Development and
Usability Evaluation
JMIR Form Res2025;9:e73783
URL: https://formative.jmir.org/2025/1/e73783
doi: 10.2196/73783

© Victoria Lynn Tiase, Julie Fritz, Jesse Ferraro, Gregory Bayles, Ahmad Alsaleem, Guilherme Del Fiol, Kensaku Kawamoto,
Darrel Brodke, Brook Martin, Roger Altizer. Originally published in JMIR Formative Research (https://formative.jmir.org),
05.Dec.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information, a
link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR FORMATIVE RESEARCH Tiase et al

https://formative.jmir.org/2025/1/e73783 JMIR Form Res2025 | vol. 9 | e73783 | p. 10
(page number not for citation purposes)

https://doi.org/10.1371/journal.pone.0232076
http://www.ncbi.nlm.nih.gov/pubmed/32369511
https://doi.org/10.1006/ijhc.1994.1065
https://www.nngroup.com/articles/how-many-test-users/
https://www.nngroup.com/articles/how-many-test-users/
https://doi.org/10.1177/001872089203400407
https://www.proquest.com/openview/0df85be25e4479c55d4b72b070dc034c/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/0df85be25e4479c55d4b72b070dc034c/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.1016/j.jbi.2018.08.012
http://www.ncbi.nlm.nih.gov/pubmed/30145317
https://www.nngroup.com/videos/system-usability-scale/
https://www.nngroup.com/videos/system-usability-scale/
https://doi.org/10.5555/3294033.3294037
https://doi.org/10.5555/3294033.3294037
https://doi.org/10.2196/68132
http://www.ncbi.nlm.nih.gov/pubmed/40238239
https://doi.org/10.1055/s-0039-1677907
http://www.ncbi.nlm.nih.gov/pubmed/31419818
https://doi.org/10.23919/iLRN55037.2022.9815930
https://doi.org/10.23919/iLRN55037.2022.9815930
https://doi.org/10.1080/00140139.2020.1869320
http://www.ncbi.nlm.nih.gov/pubmed/33357004
https://formative.jmir.org/2025/1/e73783
https://doi.org/10.2196/73783
https://formative.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://formative.jmir.org
https://formative.jmir.org/2025/1/e73783

	Advancing Digital Access to Physical Therapy via Virtual and Extended Reality Technology: Prototype Development and Usability Evaluation
	Introduction
	Methods
	Participatory Design and Development
	Usability Evaluation
	Ethical Considerations

	Results
	Participatory Design and Development
	Usability Evaluation

	Discussion
	Principal Findings
	Comparison to Prior Work
	Future Directions
	Limitations
	Conclusions



