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Most physical therapists would agree that physical rehabilitation is difficult to perform
remotely. Consequently, the global COVID-19 pandemic has forced many physical
therapists and their clients to adapt to telehealth, especially with video conferencing. In
this article, we ask: How has telehealth for physical rehabilitation evolved with the global
pandemic and what are the largest technological needs, treatment methodologies, and
patient barmiers? With the increased widespread use of telehealth for physical therapy, we
present a qualitative study towards examining the shortcomings of current physical
therapy mediums and how to steer future virtual reality technologies to promote
remote patient evaluation and rehabilitation. We interviewed 130 physical rehabilitation
professionals across the United States through video conferencing during the
COVID19 pandemic from July—August 2020. Interviews lasted 30-45 min using a
semi-structured template developed from an initial pilot of 20 interviews to examine
potential barriers, facilitators, and technological needs. Qur findings suggest that
physical therapists utilizing existing telehealth solutions have lost their ability to feel their
patients’ injuries, easily assess range of motion and strength, and freely move about to
examine their movements when using telehealth. This makes it difficult to fully evaluate a
patient and many feel that they are more of a “life coach” giving advice to a patient rather
than a traditional in-person rehabilitation session. The most common solutions that
emerged during the interviews include: immersive technologies which allow physical
therapists and clients 1) to remotely walk around each other in 3D, 2) enable
evidence-based measures, 3) automate documentation, and 4) provider clinical
practice operation through the cloud. We conclude with a discussion on opportunities
for immersive virtual reality towards telehealth for physical rehabilitation.

Keywords: physical rehabilitation, physical therapy, immersive virtual reality, extended reality, metaverse,
telehealth, remote care, COVID19
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1 INTRODUCTION

In 2020, the global COVID-19 pandemic halted existing models
of physical rehabilitation care in the United States (Wikipedia,
2021). Social distancing guidelines required therapists to develop
new protocols for patient care and often adoption of new
technology for remote care (Yonter et al. (2020)). As a result,
the global pandemic has deepened existing inequities and gaps in
modern healthcare (Ndumbe-Eyoh et al. (2021)). These
challenges sparked widespread adoption of telehealth, a service
once ignored by many physical therapists due to its lack of hands
on evaluation capabilities. The American Physical Therapy
Association (APTA) notes “Telehealth is a well-defined and
established method of health services delivery [and supports]
Advancement of physical therapy telehealth practice, education,
and research to enhance the quality and accessibility of physical
therapist services” (APTA, 2019). Subsequently, the practice of
telehealth for physical rehabilitation has seen an explosive
adoption to mitigate the impact of the pandemic. In this
paper, we examine the effects of telehealth adoption: it is
challenges for physical rehabilitation, successes and practices
during the pandemic, and professional views of how telehealth
will transform physical rehabilitation beyond the pandemic.

1.1 Telehealth and Physical Rehabilitation
In 2000, VandenBos and Williams (2000) defined telehealth as a
“real-time service that occurs when the patient and the provider
are physically separated at the time the service is rendered and
some communication device is used in the exchange between the
parties”. The best communication device then was a telephone.
With advancements and accessibility of video camera technology,
the internet provides a more capable choice for telehealth visits.
In recent years, telehealth has proven to be an effective way to
provide certain medical services. In a study by Axelsson et al.
(2020), cognitive behavior therapy delivered via the internet
“appeared to be noninferior to face-to-face [cognitive behavior
therapy] for health anxiety, while incurring lower net societal
costs.” Moreover, online therapy has the capability to increase
evidence-based treatment. Another study in 2016 established that
telehealth has potential to provide more accessible services to
“vulnerable patient groups,” especially those who have
transportation or financial barriers (Reed et al. (2020)).
Similarly, Telehealth Physical Therapy (TelePT) has been
making its way onto online services; however, it is uncertain if
telehealth can be truly effective for physical rehabilitation. First, what
is TelePT? Building upon VanderBos, TelePT is a service that occurs
when the patient and the physical therapist are physically separated
at the time the service is rendered and some communication device
is used in the exchange of rehabilitative exercises and consultation.
The growing effectiveness of TelePT is supported by ongoing
research. A study from Northeastern University examining
virtual environment based systems for upper extremity mobility
rehabilitation for post stroke patients found improvements even
after physical therapy was discontinued (Shaw (2009)). Another
study recorded upper and lower extremity movements with images
and sent them to a hospital whose physical therapists provided
feedback. This study determined that tech for rehabilitation was
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effective for storing data and referencing back later (Shaw (2009)).
Reed et al. (2020) compared TelePT at home versus in-clinic
rehabilitation and found that “telerehabilitation has the potential
to substantially increase access to rehabilitation therapy on a large
scale”. Other studies have shown that there is good agreement
between telerehabilitation and face-to-face care for assessment of
patients including lower back pain and hamstring flexibility
(Palacin-Marin et al. (2013); Moral-Munoz et al. (2015))
Additionally, telerehabilitation was shown to be effective
following primary total hip or knee arthroplasty that did not
compromise quality compared to face-to-face care and had high
patient satisfaction (Kuether et al. (2019)). When contemplating
telerehabilitation physical therapists (PT) should consider patient
preference, assessment requirements, culutural needs, environment,
cost, access, and confidence using technology (Zischke et al. (2021)).
These studies show the results for online physical therapy have been
effective with long term benefits to both the patient and the
therapist.

1.2 Telehealth in the COVID19 Era

While telehealth was not initially the norm, it is use skyrocketed
when people were required to abstain from physical contact with
non-household members. During the 2020 pandemic, Smith et al.
(2020) argued that telehealth requires “a significant change in
management effort and the redesign of existing care models of care.
Implementing telehealth proactively rather than reactively is more
likely to generate greater benefits in the long-term, and help with
the everyday (and emergency) challenges in healthcare”. The
pandemic forced many providers and small health businesses
to switch to virtual visits in order to deliver care. Dantas et al.
(2020) says that TelePT “offers the possibility to continue
providing some physical therapy services to patients, but
regulations and implementation barriers are extremely
heterogeneous around the world”. Lee (2020) also notes the
benefits of using TelePT for building strong relationships
between the patient and provider while maintaining a safe
environment.

Telehealth cannot replace all forms of medical care. COVID-
19 has deepened struggles for patients who require constant
treatment or cancer patients who have compromised immune
systems (Bland et al. (2020)). While it is a significant resource
with growing adaptations, telehealth can not provide blood
withdrawal, chemotherapy, or physical examinations. Still,
COVID-19 has elevated the relevance of TelePT and its
efficacy. As technology remains a huge part of daily life,
TelePT might offer new opportunities for regular care practice.
Policies have hindered the adoption of telehealth, but the
COVID-19 pandemic caused a temporary policy relaxation
with respect to physician licensure, geographic location, and
eligible sites for reimbursement to help increase access to care
as many clinics were unable to see their patients face-to-face
(Albanese et al. (2021)). It is unclear how long these relaxations
will last. Remaining challenges to facilitate adoption include the
need for standardized telehealth practices and studies that
address the efficacy of telehealth compared to in-person care.
Furthermore, the uncertainty of insurance coverage for TelePT
may be a significant barrier.
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1. Tell us about your background in
relation to physical therapy.

a. Intervention and Specialties?

b. Success Metrics for Patients?

c. Biggest Challenges in
treatment?

d. Key influencers on practice?

e. Session Costs?

2. How has your practice been doing
over the past year? What range of
technologies have you been using?

a. Impact of COVID19?
b. Learning about new
equipment?

Telehealth Solutions?

Get, keep, and grow patients?

Clinic financial structure?

Continued care model for

patients?

~oap

3. What are your current thoughts on
telehealth physical therapy?
a. Likes?
b. Dislikes?
c. Patient Involvement?
d. Anything you'd like to see
changed with the technology?
4. What if there was a 3D virtual
environment for PTs and patients to
meet? Like being in the same room
without being able to physically touch
each other? Any thoughts?
a. Usability Concerns?
b. Success Metrics?
c. Patient Involvement?
d. [f anything was possible, what
would you want to see?
5. Are there any questions we should've
asked you?
6. Do you know other physical therapists
from different facilities willing to talk
with us?

FIGURE 1 | Box interview guide utilized in sessions with physical therapists.

1.3 Research Goals
In this study we find rehabilitation via telehealth is sustainable

and increases accessibility especially for under-served
communities. While research on telehealth telepresence for
physical well-being are largely reviews or perspectives, this
article is based on primary research across the whole country.
Furthermore, we have sought direct feedback from PTs, a group
that is often not heard in telehealth research. While physicians
can often make diagnoses using video, PTs find it hard to evaluate
injuries with video only as they are accustomed to hands-on
evaluation. COVID and social distancing protocols have limited
patient’s access to care. As video therapists and TelePT's continue
to practice in this global pandemic it is critical to learn what
works, and doesn’t work, in order to provide effective remote care
beyond the global COVID pandemic.

2 MATERIALS AND METHODS

2.1 Study Design and Sample

This study used a 2-stage sampling design. First, we purposefully
selected three states (California, New York, and Florida) with the
largest spikes of COVIDI19 cases to start. Within each state, we
identified regional chapters of the American Physical Therapy
Association (APTA) and reached out to professionals using
LinkedIn, an online business social network platform. Two of us
(A.E. and M.P.) identified 18 chapter leaders and requested
informational interviews or recommendations for interviewees.
The second stage involved a snowball sampling procedure that
involved Question 6 from the box interview (Figure 1) responses of
chapter leaders combined with LinkedIn searches of related physical
therapy professionals including physical therapists, clinic owners,
policy makers, leadership, and technology influencers (those who
significantly impact technology adoption at their practice).

Additionally, this study received an Institutional Review Board
(IRB) exemption from the University of California Santa Cruz
(UCSC) Office of Research Compliance Administration (ORCA)
under protocol #HS3573. No compensation was provided to the
participants. In total, we sent 800 LinkedIn message requests
resulting in a response/interview rate of about 16.25% (130/800).
Our inclusion criteria were as follows:

e Practicing in a physical rehabilitation setting within the past
3 years.

e Able to consent to participate and join a remote video call.

e 18 years or older.

2.2 Data Collection

We developed a 30-45min semi-structured interview guide
based on an initial pilot study conducted in May 2020 with
20 physical therapists from the California Bay Area through
phone interviews or web-conferencing. The interview protocol
was iteratively updated to explore questions about potential
barriers, facilitators, and technological needs for implementing
remote physical rehabilitation with telehealth. This led to the final
box interview template in Figure 1. Two researchers (A.E. and
M.P.) then conducted interviews during 07 July 2020—18 August
2020. The researchers were trained to perform these interviews
through the CITI Human Subjects Research (HSR) program
(Braunschweiger and Hansen (2010)) and the National Science
Foundation Innovation Corps (NSF I-CORPS) program
(Nnakwe et al. (2018)). A.E. and M.P. also performed the pilot
interviews to derive the initial codebook—this was done through
unstructured interviews focused about current technology
practices during and before the pandemic, technology usage
and satisfaction, and stakeholder ecosystem mapping. Pilot
interviews were excluded from the analysis of this study as
they did not follow the box interview guide from Figure 1.
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Interviews 1 54

FIGURE 2 | Interviewee location demographics from 130 interviews.

Communication was achieved through face-to-face video
conferencing with the Zoom platform.

2.3 Data Analysis

Based on the pilot study with 20 PTs, we developed an codebook
centered around value propositions as shown in shown in
Figure 3. Our goal was to capture at least 100 interviews to
reach significant thematic saturation of values over the 2 month
period, as often a standard practice in the NSF I-CORPS training
program (Braunschweiger and Hansen (2010)). The interviews
began with variety of professionals in the physical rehabilitation
field and as the needs were understood the interviews tend
towards the need of one archetype with the greatest need,
resulting in our focus of Physical Therapists. Interviewers took
iterative notes, transcriptions, and labeled emergent themes from
interviewees as the interviews progressed. Data was analyzed in a
procedure where A.E. and M.P. identified interview themes and
codes using constant comparative analysis as an ongoing measure
(Fram (2013))—interviews were coded and disagreements were
verbally discussed within 1 week of each interview to resolve any
disagreements between all A.E. and M.P. with S.K. acting as a tie
breaker. Through this process, we identified a range of risks and
benefits based from participant experiences, this is shown in the
sub-themes of Figure 3. Our final codebook categorized
telehealth physical therapy and VR interventions by seven
different value propositions: analytics, interaction, practice,
gamification, documentation, access, and usability in order of
frequency of codes appearing in interviews. We further
breakdown these values in Section 3.1.

3 RESULTS

We conducted 130 in-depth interviews in face-to-face live video
interviews across 26 states, with most interviews conducted in
Northern California (38), Southern California (16), New York
(11), Florida (6), and Texas (6) as shown in Figure 2. Interviewees
identified as physical therapists (96) with a subset identifying as
occupational therapists (4), physical therapy assistants/
technicians (5), or physical rehabilitation management experts
(25). Participants included 74 doctors of physical therapy with
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specializations in outpatient (27), sports (18), orthopedic (16),
home health (14), neurological (13), travel (4), and geriatrics (2).
Additionally, 40 interviews were clinic owners, 55 had experience
in care management roles, 50 considered themselves to be
technology influencers in their workplace, 15PTs went
through physical rehabilitation for their own injuries as a
patient during the pandemic, and 18 were actively involved in
leadership or rehabilitation policy. The top most reoccurring
locations, specializations, and roles can be seen in Table 1.
Interviewee healthcare institutions ranged from large hospitals
to small independent clinics.

The interviews identified key trends for physical rehabilitation
showing that many PTs we interviewed had similar experiences
with their patients. Physical Therapy typically consists of the
patient going to the clinic 1-2 times per week for several weeks,
months, or even years. The patient is often given exercises to do at
home, which studies show have low compliance rates (Sluijs et al.
(1993); Chen et al. (1999)). After in-person treatment, depending
on the type of insurance, the patient is discharged from clinical
therapy and advised to continue exercises at home to further the
recovery. Most fail to continue with at-home exercises due to lack
of motivation, repetitive exercises, and lack of accountability. In
many areas, there are not enough therapists to meet the demand
of all surrounding patients leading to difficult scheduling and less
frequent clinic visits.

With shelter in place orders across the nation, clinics responded
with a range of options: discontinued care for patients altogether,
implemented social distancing, or adopted teletherapy using video
conferencing. These responses impacted low income and rural
communities especially in medical deserts with fewer health
professionals relative to more affluent areas. Video conferencing
enables communication, but lacks interpersonal connections
between physician and patient that stems from interaction.
Additionally, the physician is unable to obtain functional health
metrics that help monitor progression of conditions such as heart
rate or joint angles and forces for physical movement.

3.1 Key Findings

Several themes emerged from the interviews including: therapists
believe that telehealth will be a part of physical therapy beyond
the COVID-19 pandemic, current telehealth systems don’t allow
for accurate patient evaluation, insurance coverage for telehealth
in the future is unclear, telehealth increases accessibility for
patients, telehealth may help with preventative care, and
therapists want telehealth platforms to provide accurate
measures and 3D interaction. Subsequently, resulting themes
can be seen in Figure 3.

3.1.1 Physical Therapy With Telehealth, During and
After the COVID-19 Pandemic

A recurring theme was the severe concern of integrating telehealth
for physical therapy both during and after the COVID-19 pandemic.
Many physical therapists and outpatient rehabilitation clinic owners
perceived telehealth adoption to be accelerated by the impact of the
pandemic, noting that telehealth for physical therapy is here to stay.
Therapists explained their biggest concerns with telehealth was the
lack of hands-on evaluation (e.g., manual muscle testing) and
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Theme Code and Definition

Value 1. Analytics: Accurate success metrics for range of motion, strength, and balance
Propositions to assess patients and monitor progress [N=127]

of Telehealth 2. Interaction: Interactive 3D Environment enables accurate patient movement
and Virtual analysis by therapist and ability to correct movement. [N=114]

Reality (i.e. 3. Practice: Enabling physical therapy practice through \irtual platforms to reduce
how might clinical/brick-and-mortar costs [N=104]

emerging 4. Gamification: Facilitating patient continued care through virtual platforms and
technologies gamification [N=87].

influence 5. Documentation: Automated patient documentation and measurements,
telehealth) thereby increasing time with patients [N=38]

6. Access: Telehealth enables therapists to treat patients over a much larger area
by removing commuting barriers [N=28]
7. Usability: Ensuring user friendly virtual platform interfaces for telehealth [N=24]

Sub-Themes | Concept and Findings

Risks 1. Evaluation: Measuring patients in remote or through virtual settings.
associated a. Inability to collect evidence-based data: Loss of therapist hands on
with telehealth interaction for manual muscle testing and physical assessment.

& VR for b. A lack of measurement tools for accurate range of motion or muscle
physical strength metrics.

rehabilitation 2. Technology driven interventions: Aspects of technology usage for care.

a. Patient-therapist education with telehealth user interfaces (i.e. a need
for user friendly interfaces for non-tech sawy patients)..
b. Senice limitations (i.e. internet connection, computer hardware latency,
webcam quality, physical location to perform physical rehabilitation in)
3. Remote Interaction: Aspects of supporting and monitoring
a. Patient safety (therapist is unable to be there with the patient to ensure
they don't fall or hurt themselves).
b. Loss of depth information (2D videos provide Visualization challenges for
viewing patient movement and guiding patients through movement as a
therapist)
4. Policy and Maintenance: Aspects of administrative care
a. Therapists are unsure if telehealth will continue to be covered by
insurance/medicare.
b. Therapists are challenged in building virtual reputation.

Benefits 1. Convenience: Therapists and patients are no longer limited by physical
associated location or travel times to receive care.
with telehealth a. Patients are more likely to be retained by therapists for continued care.
& for physical b. Therapists are able to reach more communities.
rehabilitation c. Reduces the amount of patient “no-shows.”

2. Efficiency: Therapists can reduce brick and mortar physical costs through the

“vrtual clinic.”
a. Removwe the need to own a physical office to enable physical therapy
treatment.

b. Automate scheduling and documentation through telehealth integrated
with Electronic Medical Record (EMR) platforms.

FIGURE 3 | Codebook and themes generated from interviews around technological challenges and opportunities for physical therapy telehealth. N indicates
number of occurrences from interviews per top-level themes.

TABLE 1 | Top nine most frequent demographics from interviewes.

State Specializations Self-Described Roles
North CA (N=38) Qutpatient (N=27) Physical Therapist (N=96)

South CA (N=16) University (N=26) Doctor of Physical Therapy (N=74)
New York (N=11) Sports (N=18) Clinic/PT Manager (N=55)

Florida (N=6) Orthopedics (N=16) Influencer (N=50)

Texas (N=6) Home Health (N=14) Clinic Owner (N=40)
Massachusettes (N=4) Neurological (N=13) Leadership/Policy Maker (N=18)
Alabama (N=4) Alabama (N=4) Patient (N=15)

Arizona (N=3) Traveling (N=4) Physical Therapist Assistant (N=5)
llinois (N=3) Geriatrics (N=2) Occupational Therapist (N=4)

obtaining evidence-based measures of recovery such as goniometer  therapists shared frustration with 2D video displays: an inability to
measurements for range of motion. Most clinics turned to remote  properly observe evaluative tests such as berg balance or time-up-
video conferencing solutions to facilitate physical therapy; however,  and-go due to limited space in the patient’s home, technical
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difficulties in setting up webcams, and being unable to tilt the
camera around the patient to view their movements as needed.
Therapists shared that “all [video] telehealth can do is functional
testing. I need to get a range of motion and strength assessments” with
many PTs feeling that they have become “virtual life coaches instead
of physical therapists” due to the limitations of phone-based or video
physical therapy. Another large concern was the uncertainty of
Medicare coverage in telehealth, where many clinics providing
Medicare services felt indecision in investing towards telehealth
without a guarantee that treatment will be reimbursed without
pay cuts.

On the other hand, many interviewees noted benefits of
incorporating physical therapy through telehealth. One clinical
director shared “Telehealth is like [the food delivery app] Uber
Eats, you can reinforce it as it’s convenient and patients know it
exists now. They’ve gotten used to the convenience of telehealth and
it’s really here to stay thanks to COVID.” Other physical therapists
noted that patient no-shows were reduced, follow-up
appointment retention increased, and patient visit throughput
for therapists was increased due to travel time being removed and
greater autonomy with online scheduling and web conference
systems.

3.1.2 From Rehab to Prehab, Shifts in Therapist Goals
From Telehealth During COVID19
Interviewees shared many perspectives about insurance and
concierge based physical therapy. Key pain points regarding
insurance were noted: uncertainty of future medicare policies,
perceived lowering standards of treatment due to insurance
evidence requirements, and turning clinics into “patient mills”
where therapists per patient are increased with minimal visit time
to get enough revenue to keep their clinics afloat. Patient mills
were a recurring concern between in-patient and out-patient
physical therapists where pay cuts in insurance appeared to be
one of the largest causes amplified by the global pandemic.
Consequently, clinical directors and traveling therapists
conveyed that out-of-network coverage is a growing trend
where physical therapists who are suffering from burnout and
insurance are turning instead towards concierge based physical
therapy. Another self-practicing physical therapist shared “every
physical therapist that opens a clinic dreams of getting their
patients into fully cash-based [payment methods], insurance is
a means to an end to get more patients, but the dream is fully cash-
based to give us the freedom to help our patients as they need it.”
Thus, a majority of interviewees, self-practicing or clinical
owning physical therapists, are actively searching for new
business models to support preventative treatment, with cash-
based or concierge physical therapy as an avenue to support this
model. Interviewees argued that insurance based physical therapy
is largely a rehabilitative market, reacting to injury without
emphasizing or recognizing the need of preventive
rehabilitation (prehab). One therapist shared “physical therapy
should last years, become a lifestyle [for the patient], but in reality
the minimum is done for patients who often fall back into cycles of
treatment.” This perspective was amplified by the rapid adoption
of telehealth, especially for continued care. Many were laid off at
the start of the pandemic due to clinics closing due to decreased

Physical Therapist VR Telehealth Impressions

patient visits or lack of infrastructure to adopt telehealth as a
business model. A majority of therapists in this situation turned
towards self-practicing concierge services and preventative care,
effectively becoming traveling physical therapists through a
hybrid mix of occasional visits to patients home and
conducting check-ins with video conferencing. Many self-
practicing and clinic owning therapists believed that after the
pandemic, their practices will likely continue with telehealth or
hybrid models of video visits with in person. Many emphasized
moving away from injury to preventative care, where follow up
visits can be conducted through telehealth for a lower cost but ata
higher visit rate. Telehealth was often seen as a solution to
facilitating prehab through continued care: getting the tools
into the hands of patients before they even become patients
with video visits, asynchronous messaging between therapist-
patients, and a greater rate of visits.

3.1.3 Speculative Technology Solutions and Future
Directions for Telehealth—An Opportunity for
Immersive Virtual Reality

Some clinics took the opportunity to incorporate high-tech
solutions into facilitating telehealth: this included smartphone
based patient videos for exercises, wearable sensors with IMUs to
track range of motion, and exoskeletons for at-home supported
movements and exercises. Interviewees were encouraged to
speculate about possible improvements for telehealth beyond
video based interaction. Therapists were asked “what if you
could stand in the same room with your patient, walk around
them in 3D, but be unable to touch them? Many top themes were
revealed (1—analytics) the ability to gather evidence-based
measures of patient performance remotely through patient
motion  capture, (2—interaction) enhancing therapist
perception with immersive 3D technologies to effectively
enable therapists and patients to be in the same room and
walk around each other remotely, (3—practice) provide a
means for therapists to run their own practice or clinic
through the cloud to reduce the overhead costs of starting
their own practice or running a practice during the pandemic,
(4—gamification) a means to increase compliance and adherence
of remote exercises through making therapy prescriptions more
playful or game-based in VR, and (5—documentation)
automating documentation and measurements to give the
therapist more one-on-one time with the patient. Further
themes, values, and sub-findings are shown in Figure 3.
Followup questions were centered around usability concerns
(how would the technology need to function for patients to be
able to use it at home), success metrics (what metrics does a
therapist need to see with this technology to evaluate a patient
and see they are improving), and patient involvement (when
should patients use or not use this type of technology). The
resulting wordclouds from these queries is illustrated in Figure 4.

3.1.4 Concerns on Integrating Immersive Virtual
Reality With Physical Therapy

Common concerns included an easy to use technology with an
intuitive user design, need and validation of accurate metrics for
range of motion, strength, and balance, and that this type of
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Practice During the Pandemic Benefits of Virtual Reality Concerns of Virtual Reality
. better business care ash challenge based bett " d buy
clinic company _ covi care cash clinic Ccost dat:
d " exercise committee co different hgaga : feedback
f < health help home education exerc1|sjes q games: ardware
huge 1nsurance 0 follow .. game ands healthcare help insurance
2= headset help huge interested N
movement insurance levels eme t - l
needs movement physical odel | movement oculus
Pt : platform provide pat1ents platform product
s EsSIon® art syste e : start software
telehealth ~ o telehealth System ... tech ...... ther
virtual work therapy virtual ework
FIGURE 4 | Wordclouds generated from interviews on practice during the pandemic, perceived benefits and concerns of VR.

technology should not be used for any patients who are at medium
or high risk of falling. On concerns of usability and patient
involvement with VR, four primary risks were identified
(1—evaluation) the application will need to be validated for
accuracy with alternative measurement tools that do not require
hands-on intervention, (2—technology intervention) the VR
application will need to be user-friendly and intuitive enough to
work with non-tech savvy populations that may have service
limitations in internet connectivity and physical space,
(3—remote interaction) the VR technology should primarily be
used in safe situations (e.g., outpatient populations) that don’t
require therapist or caretaker monitoring of the patient or close
observation to reduce immediate injury, and (4—policy and
maintenance) the VR application will need to be covered by
insurance and integrate with electronic medical records (EMRs)
for full-adoption outside of concierge practices. While many
therapists were worried about the technology savviness of their
patients, many referred to previous experiences of utilizing hardware
such as the Nintendo Wii (e.g., Wii Sports and Balance Board) and
Microsoft Xbox Kinect in clinics with relatively easy patient
adoption.

4 DISCUSSION

The global COVID-19 pandemic has vastly accelerated the
adoption of telehealth for physical rehabilitation. Many
therapists shared that this event has fast tracked the
technological remodeling of modern clinics as both patients and
therapists have become used to the technical needs of living in a
virtual-social workplace with sheltering in place. While telehealth
was initially viewed as a flawed practice for physical therapy,
clinicians have found strengths in remote healthcare such as
increased patient retention, reduced travel time, and less
operating costs. The largest challenges of telehealth was the
inability to collect evidence-based success measures and evaluate
patient movements. Metrics of capturing range of motion, muscle
strength, and balance risk were all common measures for in-person
physical therapy, but these were lost in telehealth. Nonetheless, a
common consensus was that telehealth in physical rehabilitation is
here to stay. Beyond the pandemic, many practitioners shared they

would switch to a hybrid model of in-person treatment and
telehealth or entirely adopt telehealth practices to run “physical
therapy clinics in the cloud.” In examining future approaches for
mitigating  limitations in telehealth, immersive virtual
environments were found to be one promising solution:
enabling 3D virtual worlds for patients and therapists to meet,
walk around one another, and examine exercise movements.

Telehealth was seen as a possible solution to therapist burnout
and barriers to entry in starting independent clinics. While
therapists pointed out limitations in video and text based
communication platforms, there was growing disconnect with
returning “back to normal” after the pandemic subsided. Many
therapists shared that medicare based clinics can often feel like
“patient mills”—treatment overloaded by patient size and
conforming to insurance restrictions (e.g, medicare
compliance). Many therapists that shared the desire to start
their own clinics or switch to independent practitioners, but
were deterred by student debt or clinic startup costs. When
speculating about the future, therapists viewed the cash-based
physical therapy market as a potential entry point to mitigate the
startup costs without the burnout from adhering to insurance
restrictions.

Telehealth’s largest challenge with physical rehabilitation
was the loss of hands-on evaluation tools. Many therapists
never received formal training for conducting remote
treatment during the pandemic, and the loss of hand-based
evaluation (e.g., manual muscle testing) was often referred to
as the largest challenge. Throughout the interviews, four
recurring tests were often discussed: 1) Range of Motion (e.g.,
Goniometer), 2) Strength (e.g, manual muscle testing, or
Isokinetic Dynamometers), 3) Coordination (e.g., Timed up
and Go), and 4) Balance (e.g., Berg Balance Assessment). With
the loss of these measures, therapists resorted to having patients
self-test or became “life coaches,” meeting virtually to provide
advice rather than treatment. While some therapists acclimated
to utilizing digital measurement tools (e.g., virtual goniometers
from video), many struggled to obtain proper lighting, full depth
of movements, and or camera quality to perform a visual
evaluation. This informed our speculative component of the
interview to determine how emerging technology could
mitigate these challenges.
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Immersive virtual environments offer a powerful opportunity to
transform physical rehabilitation telehealth. In discussing the
incorporation of 3D virtual environments for treating patients,
therapists saw opportunity for capturing range of motion and
strength assessments utilizing head-mounted display motion
capture. The incorporation of a 3D virtual room in which
patients and therapists could meet virtually through avatars
seemed to be a potential solution to the existing limitations of
video based telehealth. While the loss of hands-on evaluation
was a barrier, therapists believed such an approach would
enhance continued care, retention, and reliability of patient
progression. Therapists did note many possible risks with such
an environment: 1) patients with unstable balance risk injury
without in person supervision, 2) virtual representation of the
patient’s movements must be accurate in order to reduce
movement bias, and 3) motion sickness from the headset
may cause discomfort. While there is still much research to
be done on the effectiveness and best practices of rehabilitation
and virtual environments, studies have shown increases in
motivation, reduction in discomfort, high patient satisfaction,
and functional improvements to be comparable to face-to-face
care (Gromala et al. (2015); Hoffman et al. (2011); Schroder
et al. (2019)). Virtual reality head-mounted display systems
provide the added benefit of motion capture of the user so that
the PT can potentially use this data for predicting a patient’s
range of motion or joint torques (Powell et al. (2022)). Virtual
reality systems are continuously improving and prices are
being driven down by the industry making this technology
more accessible and a possible platform for remote physical
rehabilitation (Elor and Kurniawan (2020)).

4.1 Limitations

As with any study, there are some limitations of our work that
need to be taken into account. The COVID-19 lockdown forced
us to reconfigure interviewing as video conferences rather than
in person. This limited the fidelity of the demonstrations we can
witness from the health care professionals we interviewed.
Second, with our sample states, our results might not be as
relevant to states with different regulations or practices. Third,
personal demographics were not collected and all recorded data
was de-identified to follow our IRB exemption protocol. This
inhibits us from drawing any interpretation related to personal
demographics, which can definitely be expanded upon in future
work as the majority of our interviewees were outpatient
physical therapists. Our results might differ if the
professionals were different and or focus on sampling by
unique demographics. Finally, our speculative portion of the
therapist interviews were framed through immersive virtual
reality, while modern head-mounted display systems are
becoming increasingly more accurate at combining virtual
and augmented reality experiences, it would be important to
consider smartphone and handheld based virtual reality systems
in future work. While we must consider these limitations, we
believe that the results we report provide a starting point to
engage upon future research towards supporting telehealth and
physical therapy with immersive technologies such as virtual
reality.

Physical Therapist VR Telehealth Impressions

5 CONCLUSION

In this research on the uses of telehealth in physical rehabilitation
throughout COVID-19 restrictions, our empirical study with
physical therapists offers insights into new directions for
telehealth after the pandemic. Common themes emerged
regarding potential solutions for working around issues of
presence or measurement data collection. These include:
immersive 3D technologies which allow PTs and clients to walk
around each other remotely, evidence-based measures, automating
documentation and measurements, provide a means for therapists
to run their own practice or clinic through the cloud, and more.
These approaches may enable PTs to reduce the overhead costs of
starting or maintaining practice in event that future pandemics
require limited in person care or therapeutic treatment. In
summary, the knowledge gained from these interviews indicate
significant opportunities with virtual reality to expand the
capabilities and reach of physical therapists for rehabilitation
and preventative care via telehealth.
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