
Remotely Delivered Exercise to Rural Older Adults With
Knee Osteoarthritis: A Pilot Study

Kushang V. Patel,1,2,3 Elise V. Hoffman,1 Elizabeth A. Phelan,2,3,4 and Nancy M. Gell5

Objective. EnhanceFitness (EF) is an evidence-based exercise program recommended for management of osteo-
arthritis (OA). However, access to EF is limited in rural areas. Accordingly, we evaluated the feasibility and acceptability
of remotely delivered EF (tele-EF) in rural, community-dwelling older adults with symptomatic knee OA.

Methods. A single-arm pilot trial of tele-EF classes was conducted. Videoconferencing was used to livestream the
instructor-led, 1-hour EF classes 3 days/week for 12 weeks. Outcomes were assessed at baseline and immediately
post intervention.

Results. A total of 15 of 27 potential participants (55%) were screen eligible and enrolled into the trial. Participants
had a median age of 70 years (interquartile range: 67-75), and 14 (93%) were women. The median EF class attendance
rate was 91% (interquartile range: 85%-94%). Knee pain, as measured by the Knee Injury and Osteoarthritis Outcome
Score (KOOS), improved significantly from baseline to the 12-week end point (mean difference = −11.4 [95% confi-
dence interval (CI): −20.9 to −2.0]; P = 0.02). In addition, participants’ self-reported knee function improved significantly
(mean difference in KOOS function score = −11.8 [95% CI: −18.4 to −5.2]; P < 0.01) as well as their physical capacity
(mean difference in Timed Up and Go test time = 1.8 seconds [95% CI: 0.2-3.4]; P = 0.03). All participants (100%) were
very satisfied with tele-EF classes, and 12 participants (86%) reported that their condition had much improved or very
much improved since beginning the EF exercise program. Lastly, there were no serious adverse events.

Conclusion. Findings from this pilot trial indicate that tele-EF is feasible and acceptable in rural older adults with
knee OA.

INTRODUCTION

Knee osteoarthritis (OA) is highly prevalent and a leading

cause of pain that limits physical functioning in older adults (1).

Clinical practice guidelines recommend physical exercise for

managing symptoms of knee OA (2). Despite these recommenda-

tions, studies have shown that participation in exercise is low in

this population with a high risk for disability (3–5).
Recognizing the benefits of exercise for management of OA,

the Centers for Disease Control and Prevention (CDC) has pro-

moted evidence-based exercise programs that are group based

and led by instructors in the community (6,7). However, access

to evidence-based exercise programs is severely limited in rural

areas (8,9). Many rural residents are unable to participate in

community-based exercise because of limited or lack of access

to transportation and exercise facilities (10). Walking is a common

choice for exercise among older adults (11), yet walking in rural

areas is limited by lack of pedestrian infrastructure, including long

distances between destinations and lack of sidewalks (12). Con-

sidering that rural communities have a higher burden of arthritis

(13) and obesity (14), as well as a higher proportion of older

adults, than nonrural areas (15), there is a critical need to adapt

evidence-based exercise programs for remote delivery.
We have partnered with Sound Generations, a nonprofit

organization that licenses and manages EnhanceFitness (EF), to

adapt their evidence-based exercise program for remote delivery

(16). EF is a multicomponent, instructor-led, group exercise pro-

gram that is recommended by the CDC for adults with OA (17).
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It is available in more than 800 sites nationally and is covered by
certain Medicare Advantage plans (18–20), but it is generally not
available in rural areas. Therefore, we sought to evaluate the feasi-
bility and acceptability of remotely delivered EF (tele-EF) among
rural older adults with knee OA.

PATIENTS AND METHODS

In partnership with Sound Generations and Arbor Health
(a rural-serving health care system in Lewis County,
Washington), we conducted a pilot trial of tele-EF. This study
was reviewed and approved by the Institutional Review Board of
the University of Washington in Seattle (STUDY00011517). The
trial was registered with ClinicalTrials.gov (NCT04881864).

Study design. This study was a single-arm, 12-week pilot
trial of tele-EF among rural older adults with knee OA. Outcomes
were assessed at baseline and immediately post intervention.

Study participants and recruitment. Study participants
were residents of Lewis County, Washington, which is a rural
county based on the CDC’s National Center for Health Statistics
urban–rural classification (21). Inclusion criteria included (see Sup-
plementary Material for screening questionnaire): age greater than
or equal to 65 years, physician diagnosis of knee OA, symptomatic
knee OA according to American College of Rheumatology criteria
(22), knee pain–related difficulty with walking or going up and/or
down stairs, community dwelling (not living in a nursing home),
English speaking, and able to walk independently. The exclusion
criteria were cognitive impairment determined by a Mini Montreal
Cognitive Assessment score of <11 (23,24) and any of the follow-
ing in the past 6 months: cancer requiring treatment (except non-
melanoma skin cancer), heart attack, stroke, hip fracture, hip
and/or knee replacement, spinal surgery, heart surgery, deep vein
thrombosis, or pulmonary embolus.

To reach the target population, we developed a tool kit for
Arbor Health to promote the study, including a study brochure,
poster, draft letter to patients identified through electronic health
records, and content for print advertisements and social media
postings. Arbor Health used all components of the tool kit to pro-
mote the project, and the research team at the University of
Washington fielded inquiries and screened potential participants
by telephone. Recruitment occurred between December
18, 2020, and March 16, 2021. Verbal informed consent was
obtained from all study participants. Compensation for participat-
ing in the study was $100.

Tele-EF intervention. Zoom videoconferencing was used
to livestream the EF classes that were led by an experienced,
EF-certified instructor. Classes lasted 1 hour and were held
3 days per week, Monday, Wednesday, and Friday, for
12 weeks. Each EF class used a standardized format that

included a 5-minute warm-up phase, 20 minutes of moderate-
intensity aerobic training, a 5-minute cooldown with balance
exercises, 20 minutes of strength training, and 10 minutes of
cooldown with stretching (18). Strength training involved progres-
sive resistance exercises using adjustable 1- to 10-pound ankle
and wrist weights. All participants received the same set of adjust-
able weights from Arbor Health Hospital, where they completed
functional assessments (see Secondary outcomes). In accor-
dance with the EF protocol and training manual, the instructor
modified exercises depending on the fitness level of individual
participants, including doing exercises in the seated position, if
necessary.

Consistent with the guidance for remotely delivering EF (25),
an assistant helped the instructor and participants troubleshoot
any technical challenges. In addition, the assistant monitored for
safety and had participant emergency contact information avail-
able. Figure 1 illustrates that the EF instructor, participants, and
assistant could all interact during livestreamed EF classes. To
facilitate social interaction, the assistant opened the virtual class-
room approximately 10 minutes prior to the start of class, and
participants were able to join and see everyone in gallery view.
Once it was time to start EF, the assistant spotlighted the EF
instructor on the screen, who then began leading the class in
exercise. Importantly, however, both the EF instructor and the
assistant were able see all participants in gallery view to monitor
for exercise form and any safety events. At the end of class, the
assistant removed the spotlight to provide participants an oppor-
tunity to visit and ask the instructor questions for a few minutes.

Figure 1. Illustration of remote delivery of Enhance®Fitness (EF)
classes.
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Prior to the start of classes, participants completed a tech-
nology needs assessment. Those who did not have appropriate
equipment or sufficient access to broadband were given a
cellular-enabled tablet to participate in the study. One-on-one ori-
entation meetings were held via Zoom with each study participant
to familiarize them to the tele-EF program and provide guided
instruction on videoconferencing. When necessary, instructions
on accessing and using Zoom were given by telephone prior to
the orientation call. On average, the orientation meetings lasted
30 minutes (SD = 12). Tele-EF classes began on March
17, 2021, and ended June 9, 2021.

Measures. Participant characteristics. Basic demographic
and health characteristics were collected at baseline through an
online questionnaire using the REDCap electronic data capture
tools (26). Participants also answered standard questions about
their OA and history of falling. The following definition of falling
was provided: “By falling down we mean any fall, slip, or trip in
which you lose your balance and land on the floor or ground or
at a lower level.”

Feasibility and acceptability. Multiple metrics were used to
assess the feasibility and acceptability of tele-EF. The proportion
of screened individuals who were eligible but refused to partici-
pate and the proportion of screened individuals who enrolled into
the study are important feasibility measures. In addition, tele-EF
class attendance was systematically recorded. We also recorded
any technology challenges encountered when participants
engaged in tele-EF classes, and if telephone support was neces-
sary, the call length was recorded. To assess acceptability, we
asked participants at the end of the trial, “How satisfied are you
overall with the Enhance Fitness classes?” There were five
response options ranging from “very dissatisfied” to “very satis-
fied.” Participants were also asked, “On a scale of 0-10, with
0 being not helpful at all and 10 being very helpful, how helpful
was this program in supporting you to increase your physical
activity?”

Semistructured exit interviews were completed within
3 weeks of the tele-EF program ending. An interview guide (see
Supplementary Materials) was prepared to assess participants’
experiences with tele-EF as well as advantages and disadvan-
tages of tele-EF. Interviews were completed by coauthor EVH
(an experienced and trained interviewer), audio-recorded, and
transcribed and lasted on average 27 minutes (range: 17-38
minutes).

Secondary outcomes. The collection of secondary out-
comes was guided by expert recommendations for clinical trials
of knee OA (27,28). Multiple aspects of knee pain and physical
function were measured with the Knee Injury and Osteoarthritis
Outcome Score (KOOS), which includes five subscales with
scores ranging from 0 to 100 (a higher score reflects better out-
comes) (29). The Patient-Reported Outcomes Measurement
Information System 29-Item profile measure (PROMIS-29) was

collected to assess health-related quality of life across seven
domains (30). Domain scores range from 0 to 100, with higher
scores reflecting more of the concept being measured. To assess
overall change in health, participants were asked to complete the
single-item Patient Global Impression of Change (PGIC) rating
(“Since the start of the study, my overall status is…”). The PGIC
has seven ordinal response options ranging from “very much
worse” to “very much improved” (31,32). Participants completed
all questionnaires online via REDCap.

Performance-based assessments of physical capacity were
completed at Arbor Health Hospital by a trained physical therapist
with more than 30 years of experience in functional assessment.
Tests of physical capacity included the Timed Up and Go (TUG),
Short Physical Performance Battery (SPPB), and single-leg stand
with eyes open (timed up to 30 seconds) tests. For the TUG test,
participants stand up from a chair, walk 3 m at their usual pace,
turn around, walk back to the chair, and sit back down (33). Tim-
ing starts when the participant begins to stand up from the chair
and stops when they sit back down. Older adults who take
greater than or equal to 12 seconds to complete the TUG test
have greater risk of falling (vs. TUG time <12 seconds) (34). The
SPPB test is composed of three tests of static balance (feet side
by side, semitandem, and tandem for 10 seconds), usual gait
speed over a 3- or 4-m course (we used a 3-m distance), and a
five-time sit-to-stand test (35). Each of the three components of
the SPPB is scored on a 0 to 4 scale, and a total score is com-
puted by summing the individual component scores (range
0-12, higher scores indicate better function). An SPPB score less
than 10 is associated with increased risk for mobility disability
(vs. SPPB score ≥10) (36,37). The physical therapist also mea-
sured height and weight.

Adverse events. Adverse events (AEs) were defined as any
health event or injury that restricted a participant’s activity for a
day or required medical care, regardless of whether it was related
to the tele-EF classes. Serious AEs were defined as any event that
causes hospitalization or death or is life threatening. Every week
during the 12-week intervention, participants completed an online
questionnaire asking them about any activity-limiting health
events or falls each day during the past week. The study research
coordinator contacted participants who reported an event or fall
and obtained more information to determine its severity and relat-
edness to the study intervention.

Videoconference technology acceptance. A Technology
acceptance model (TAM) scale was adapted to assess partici-
pant perceptions of the ease of use of, usefulness of, financial
cost of, and intention to use videoconference technology for
exercise. Similar to prior studies that adapted the TAM scale to
assess use of mobile technology (38,39), the scale used in the
current study has 10 items with 7-point Likert scale response
options (see Supplementary Materials). There are four sub-
scales, with higher scores reflecting more of the concept being
measured.
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Sample size and data analysis. A sample size of 14 par-
ticipants was prespecified to gain real-world experience imple-
menting tele-EF classes in the target population. Guidance on
remote delivery of EF recommends class sizes of 10 to 12 (25).
Resource constraints limited us to running a single livestream
class for 12 weeks with an EF instructor and an assistant to mon-
itor for safety and provide technology support. A group size of
12 is minimally recommended for pilot studies to assess for feasi-
bility and provide minimal precision estimates of outcome mea-
sures (40). We estimated an attrition rate of 15%, retaining 12 of
14 for data analysis.

Descriptive statistics were computed for all variables. Paired
t-tests were used to examine within-participant change (from
baseline to post intervention) in the secondary outcomemeasures
as well as changes in videoconference acceptance measures. All
statistical analyses were conducted with Stata IC 16.1
(StataCorp).

The first three exit interview transcripts were read and coded
by coauthors KVP and EVH. They discussed inconsistencies in
coding until agreement was reached. EVH coded the remaining
nine transcripts. The research team (KVP, EVH, and NMG) met
to review codes and applied descriptive thematic analysis to iden-
tify features of participants’ experiences with tele-EF (41,42).
Coding and analyses were completed using Microsoft Excel
and Word.

RESULTS

Feasibility and acceptability metrics. A total of 27 indi-
viduals contacted the study team (Figure 2). Of these potential
participants, 21 (77.8%) were eligible and 15 (55.6%) enrolled
and completed the baseline assessments. There were no statisti-
cally significant differences in age or sex between those who did
and those who did not enroll into the study. Among those who
enrolled, 13 (86.7%) completed 12 weeks of tele-EF classes and
completed the postintervention assessments. One participant
withdrew in week 5 of the study because of health issues unre-
lated to tele-EF, and another withdrew in week 10 to travel after
COVID-19 restrictions were lifted. The study teamwas able to col-
lect some self-reported outcomes data from the participant who
withdrew to travel but none from the participant who withdrew
for health issues.

The technology assessment identified 11 (73.3%) partici-
pants who had home internet access and a device that could
access Zoom, but 10 (66.6%) reported having sufficient broad-
band to stream video for 1 hour. Five (33.3%) participants were
loaned a cellular-enabled tablet to facilitate participation in tele-EF.

Over the 12-week intervention period, the median tele-EF
class attendance rate was 91.4% (interquartile range: 84.5%-
94.3%; n = 15). Fourteen telephone calls were made to address
technology challenges that were encountered while participants

Completed tele-EF 
program and post-

interven�on assessment 
n=13

Declined par�cipa�on 
(n=6)

Screened Eligible 
n=21

Enrolled and completed 
baseline assessment

n=15

Screen Failures (n=6)
• Refused to par�cipate or 

con�nue screening, n=2
• Non-symptoma�c knee OA, n=1
• Morbidity exclusion, n=1
• Failed cogni�ve screen, n=1 
• Mobility/disability exclusion, n=1 

Withdrawals (n=2) 
• Personal reason, n=1
• Health issues unrelated to the 

study, n=1

Screened 
n=27

Figure 2. Flow of participants through the pilot trial of remotely
delivered EnhanceFitness (tele-EF). OA, osteoarthritis.

Table 1. Participant characteristics at baseline (N = 15)

Value

Demographic characteristics
Age in years, mean (SD) 71.8 (5.8)
Women, n (%) 14 (93.3)
Race, White, n (%) 14 (93.3)
Education, n (%)

High school graduate 1 (6.7)
Some college or vocational school 8 (53.3)
College graduate 4 (26.7)
Master’s degree 2 (13.3)

Lives alone, n (%) 3 (20.0)
Retired n (%) 12 (80.0)

Health characteristics
Duration of knee OA, mean (SD)

1-5 years 5 (38.5)
6-9 years 2 (15.4)
≥10 years 6 (46.2)

Hip OA, n (%) 5 (33.3)
Hand OA, n (%) 10 (66.7)
Knee replacement, n (%) 5 (33.3)
Hip replacement, n (%) 2 (13.3)
Obese (BMI ≥30), n (%) 10 (71.4)
Total number of medical conditions, n (%)

2 3 (20.0)
3 6 (40.0)
≥4 6 (40.0)

Fall history, n (%)
Fell in the past year 8 (53.3)
Fell multiple times in the past year 5 (33.3)

Abbreviations: BMI, body mass index; OA, osteoarthritis.
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attempted to engage in tele-EF. The mean call length was
8.2 minutes (SD = 2.9, range = 5-11). The majority (71.4%) of
these technology support calls occurred during the first 2 weeks
of tele-EF classes. The most common technology challenge
encountered was a lack of or insufficient internet connection.

In terms of acceptability, all participants (100%; n = 14) were
very satisfied with tele-EF classes. On the 0 to 10 scale for rating
how helpful the tele-EF program was for supporting participants
to increase their physical activity, nine (64.3%) gave a rating of
10 (very helpful), whereas three (21.4%) and two (14.3%) of the
remaining participants gave ratings of 8 and 9, respectively.

Participant characteristics. Table 1 shows the demo-
graphic and health characteristics of participants at baseline.

Participants had a mean age of 71.8 years (SD = 5.8),
14 (93.3%) were women, 14 (93.3%) were White, 9 (60.0%) had
less than a college education, 10 (71.4%) were obese, and all
had multiple chronic conditions. Most participants had knee OA
for more than 5 years. The co-occurrence of hip and hand OA
was common, and one third of participants had a history of knee
replacement surgery. Notably, half of participants reported falling
in the past year, and a third reported falling multiple times.

Secondary outcomes. Table 2 shows results for the sec-
ondary outcome measures. On the basis of the mean KOOS
scores at baseline, participants had moderate to severe knee
pain and knee-related functional limitations. From baseline to
the 12-week end point, the mean KOOS scores for knee pain,

Table 2. Change in outcome measures from baseline to the 12-week end point

Mean (SD)
at baseline

Mean (SD) at
12-week end point

Mean difference
from baseline to
12-week end point

(95% CI) P

KOOS subscales (n = 14)
Pain 53.6 (21.2) 65.0 (17.7) −11.4 (−20.9 to −2.0) 0.021
Symptoms 43.6 (13.8) 43.7 (13.8) −0.1 (−5.9 to 5.8) 0.977
Function in daily living 57.6 (22.0) 69.3 (16.3) −11.8 (−18.4 to −5.2) 0.002
Function in sport and recreation 17.5 (14.9) 25.0 (20.0) −7.5 (−14.3 to −0.7) 0.032
Quality of life 42.4 (26.2) 43.3 (25.1) −0.9 (8.5 to −6.7) 0.801

PROMIS domains (n = 13)
Anxiety 51.4 (6.7) 48.5 (7.4) 2.9 (0.03 to 5.7) 0.048
Depression 48.2 (7.3) 48.1 (7.3) 0.02 (−3.4 to 3.4) 0.992
Fatigue 55.1 (10.6) 52.8 (10.8) 2.3 (−0.7 to 5.4) 0.122
Sleep disturbance 54.4 (10.1) 51.3 (4.6) 3.0 (0.1 to 5.9) 0.043
Satisfaction with participation in social roles 46.9 (12.0) 49.4 (5.9) −2.5 (−7.7 to 2.6) 0.303
Physical function 38.8 (6.2) 41.7 (6.9) −2.9 (−6.0 to 0.1) 0.060
Pain interference 58.3 (9.4) 54.7 (8.4) 3.6 (0.2 to 7.0) 0.039

Tests of physical capacity (n = 12)
Timed Up and Go test in seconds 12.6 (4.6) 10.8 (3.7) 1.8 (0.2 to 3.4) 0.032
Usual gait speed in m/second 0.82 (0.20) 0.82 (0.17) −0.003 (−0.07 to 0.06) 0.933
Single-leg stand test in seconds 6.3 (5.9) 7.4 (6.2) −1.1 (−4.2 to 2.0) 0.445
5-time sit-to-stand test in seconds 14.8 (4.1) 12.3 (2.8) 2.5 (1.2 to 3.9) 0.002
Short Physical Performance Battery 9.2 (2.1) 10.1 (2.1) −0.9 (−1.7 to −0.1) 0.027

Abbreviations: KOOS, Knee Injury and Osteoarthritis Outcome Score; PROMIS, Patient-Reported Outcomes Measurement
Information System.

Table 3. Changes from baseline to the 12-week end point in acceptance of videoconference technology for
exercising

Technology acceptance model
subscalesa (n = 13)

Mean (SD) at
baseline

Mean (SD) at
12-week end

point

Mean difference
from

baseline to
12-week

end point (95% CI) P

Perceived ease of use 5.3 (1.0) 6.4 (0.8) −1.1 (−1.6 to −0.6) 0.001
Perceived usefulness 5.8 (0.9) 6.6 (0.4) −0.8 (−1.3 to −0.4) 0.001
Perceived financial cost as a barrier 3.0 (1.5) 2.8 (1.5) 0.2 (−0.9 to 1.2) 0.745
Behavioral intention 6.1 (5.8) 6.3 (5.8) −0.2 (−0.7 to 0.3) 0.337

aThe adapted technology acceptance model measure is composed of 10 items that have a 1 to 7 response range,
with higher scores reflecting greater agreement with the concept being measured.
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knee function in daily function, and knee function in sport and
recreation improved significantly (P < 0.05). The magnitude of
improvements for knee pain and function in daily living are in
the estimated range to be considered meaningfully important
(43). However, there were no statistically significant changes
in other knee symptoms (eg, stiffness) and knee OA–related
quality of life. Anxiety, sleep disturbance, and pain interference,
as measured by PROMIS-29, improved significantly (P < 0.05).
There were also improvements in self-reported physical func-
tion, fatigue, and satisfaction with participation in social roles,
but changes in these PROMIS-29 domain scores were not

statistically significant. The magnitude of improvements in
PROMIS-29 anxiety, physical function, and pain interference
is in the estimated range to be considered meaningfully impor-
tant in adults with knee OA (44). In terms of global rating of
change, 12 participants (86%) reported that their condition
had much improved or very much improved since beginning
the tele-EF program.

The baseline mean scores for the TUG and SPPB tests indi-
cated that the study sample, on average, had elevated risk of fall-
ing and mobility disability. Performance on these two tests of
physical capacity as well as on the five-time sit-to-stand test

Table 4. Key features and challenges of tele-EF reported by rural older adults with knee osteoarthritis

Quotes

Accessibility: tele-EF reduces
environmental barriers to exercise.

“Well, it’s a good incentive to exercise on a regular basis. Any other exercise classes that I would be able
to get are very far away, so it’s inconvenient to be able to travel 50 miles to go to an exercise class.”

“Oh, it’s the lack of having to travel any distance to classes, one. Two, not having an instructor in the
community, for quite a few years. There was really no alternative. If you’re going to do the program,
this is the way it needed to be done.”

“I can stay at home and do it. I don’t have to drive someplace and go do it. See, I don’t drive anymore
because of the seizure, so my husband would have to take me every place. For anything I have to do,
he has to take me which is an inconvenience.”

Accountability: tele-EF classes facilitate
accountability.

“In a way, a group kind of kept you motivated because if it was just a one-on-one, I think it would be
easier to say, ‘Oh, I just won’t do it today.’ But when it’s a group, you kind of feel like, ‘Well, the whole
group’s doing it, I’ll do it too.’”

“The ease of just doing it at home was great and the accountability that there’s other people, showing
up. And that you’re going to do this, three times a week and that’s how it is, you know, you’re
committed to it. If you don’t have that social interaction of other people holding you accountable, you
know, then you can kind of be a slacker.”

Support: tele-EF provides instructor
and peer support.

“Well, they know what you’re going through, what pain you’re having. I don’t know the history of
everybody else that was in my group as far as whether they had surgery on their knees before or
what. But having the camaraderie of doing it with other people really helps and gets you to want to go
and to participate.”

“You feel the energy, even though I couldn’t see the other participants [exercising], you felt the energy
of people kind of chugging along with you so that’s what I like about a class, rather than being
individual.”

“I like the positive very, very positive manner…kind of gentle encouragement to keep adding a fewmore
weights, if possible.… I like that nobody ever was singled out for doing something wrong or not
positioning right. Just a general positive attitude and feeling like we were part of something so was
good.”

“She [EF instructor] gave lots of different options, sometimes I stood and sometimes I sat depending on
how I felt. And she alwaysmade you feel very comfortable with whatever way you chose to do and she
would alternatively show us the ways to do it correctly, which I think is helpful because if you’re not
doing it correctly, it’s not a great exercise. So I did feel that she was a great leader.”

Physical benefits: tele-EF improved
functioning, pain, and other
symptoms that had reinforcing
effects.

“Advantages would bemuscle strengthening, more movement in body function, as far as legs and arms
and things. I think I was surprised that it was overall [body strengthening], I was thinking it was going
to be just knees and come to find out it was overall.”

“I can move much better and walk better and just not feel stiff. Both knees are doing better than they
were because they’re just not as stiff and I haven’t really had a lot of pain, which is really good.”

“Probably the mobility, more than anything. And I have less pain with the arthritis if I’m moving about,
you know than sitting in a chair or something.”

“It just gives you more energy to be able to go throughout your day. And it continues. It doesn’t just,
‘Well, the class is over so everything’s ended.’ No. Your stamina keeps up. You just have a better
outlook. It’s just a good, uplifting thing to do.”

Technology-related challenges: tele-EF
requires equipment, internet
connection, and technical support.

“It’s hard to use when I didn’t have a signal, or if it was going in and out. And in those cases, I would
just keep doing what I thought we were doing until it would come back on.”

“There was some technical problems, but everyone just really worked on that.… In the beginning was a
bit of a problem, but that all worked out and so yeah it was great.”

“I would have enjoyed watching all of us because if you’re in a class where you truly can see the other
people.”

Abbreviations: EF, EnhanceFitness; tele-EF, remotely delivered EnhanceFitness.
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improved significantly from baseline to the 12-week end point
(P < 0.05). Improvements in TUG time and the SPPB score are
in the range to be considered meaningfully important (45,46).
There were no statistically significant improvements in usual gait
speed over 3 m or in balance performance.

AEs. Over the 12-week intervention period, there were
15 AEs and no serious AEs. The most common AEs were pain
flares, falls, and back pain. Only one of the AEs (a pain flare) was
related to tele-EF (participant reported exercising too intensively
at the beginning of the study; pain flare resolved prior to the next
EF class).

Acceptance of videoconference technology. Table 3 shows
results from the adapted TAM scale used to assess perceptions
of videoconference technology for exercising. From baseline to
the 12-week end point, there were statistically significant
increases in participant perceptions of the ease of use and useful-
ness of videoconferencing for engaging in exercise (P < 0.05). At
baseline, participants somewhat disagreed, on average, that the
financial cost of videoconference technology would be a barrier.
There was no change in this subscale at the end of 12 weeks of
tele-EF. Participants intention to use videoconferencing for exer-
cise also did not change, but the average rating on this subscale
was high already at baseline, likely reflecting participants willing-
ness to participate in tele-EF.

Exit interviews. Semistructured interviews (n = 12) identi-
fied four key features of tele-EF that participants valued. As illus-
trated by the quotes in Table 4, tele-EF addressed
environmental barriers to accessing community-based exercise
that rural older adults often face, including lack of consistently
available programs, lack of transportation, and traveling long dis-
tances. For participants with caregiving responsibilities, the ability
to exercise from home facilitated their participation because they
had limited time to commit and needed to be available in case of
caregiving-related emergencies. In addition to accessibility,
participants appreciated the group-based livestream design of
tele-EF that facilitated accountability and helped sustain their
motivation. Another important feature of tele-EF was support that
participants received not only from exercising with peers but also
from the encouragement and guidance given by the instructor.
Participants noted that the opportunity to ask the instructor ques-
tions allowed them to address concerns about their exercise form
and facilitated continued participation among those with greater
functional limitations (eg, modified exercises). Lastly, participants
conveyed that they had joined the study to improve their knee
OA–related pain and functional limitations and were gratified by
the physical benefits of tele-EF. The multicomponent exercise
(ie, aerobic, strength, and balance training) was viewed positively
and contributed toward improvement in overall health and
functioning.

In addition to positive features of tele-EF, technology-related
challenges were also observed. Participants described

experiencing occasional disruptions to tele-EF because of inter-
ruptions in internet connection or limitations in bandwidth; how-
ever, this was also viewed as a routine experience living in a rural
area. Also, several participants noted that they encountered
difficulty accessing tele-EF classes initially, but they were able to
troubleshoot technology-related problems and develop video-
conferencing skills with the research team’s support. Some par-
ticipants expressed a desire for more opportunity for social
interaction, whereas others expressed a preference to see other
participants on their screen when exercising.

DISCUSSION

The current pilot study aimed to investigate the feasibility and
acceptability of remote delivery of EF classes to rural, community-
dwelling older adults with knee OA. The results show that, in part-
nership with a rural-serving health care system (Arbor Health), we
were able to recruit a hard-to-reach population and enroll our tar-
get sample size over a 12-week period that included the winter
holidays. Among potential participants who contacted us, more
than half were eligible and enrolled into the study. Also, the tele-
EF class attendance rate and study retention rate were high.
Lastly, several measures of pain and physical function improved
significantly from baseline to the 12-week end point. Perceptions
on the ease of use and usefulness of videoconference technology
for exercising also improved. Taken together, these findings indi-
cate that remote delivery of EF to rural older adults with knee OA
is feasible and acceptable.

The CDC and other groups have recognized the need to
improve equity in access to and delivery of evidence-based OA
management programs (6). A recent study found that experts
rated land-based home exercise the highest priority intervention
for knowledge translation and dissemination to help decrease dis-
parities in knee OA and improve outcomes in underserved popula-
tions, including rural communities (47). Given the results of the
current study, remote delivery of EF classes is a promising interven-
tion to address environmental barriers to exercise participation (10)
and reduce the high burden of OA in the rural population (13). How-
ever, internet access is more limited in rural than nonrural areas.
Indeed, five participants in the current study received a cellular-
enabled tablet to participate in tele-EF. Although these participants
lived in T-Mobile’s coverage area, one participant’s signal strength
was too weak in their home and they switched to a different cellular
service provider. This experience highlights the real-world chal-
lenge of delivering tele-exercise to rural settings; however, the fea-
sibility of disseminating tele-EF in the United States is enhanced
by recent appropriations to expand broadband in rural areas to
support telehealth services (48,49).

Importantly, the current study demonstrated that with appro-
priate support, rural older adults can effectively participate in tele-
exercise. Indeed, the technology support needs during tele-EF
classes in the current study were similar to the needs observed
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in an urban sample (16). In an initial study of tele-EF among
44 older adults with knee OA in Seattle (16), 69% of support calls
occurred in the first 2 weeks of tele-EF, which is nearly identical to
the 71% rate observed in the current study. Further, the median
tele-EF class attendance rates were also similar (≥90%) between
the two studies (16). Interestingly, the initial orientation session
held with each participant lasted 11 minutes longer, on average,
in the current study than the previous one from Seattle (mean = 30
vs. 19 minutes, respectively). There were similar challenges
addressed during the orientation (eg, navigating the camera’s
view, learning how to use Zoom functions [switching from
speaker to gallery view], and learning common technology terms
[swiping or scrolling]). This suggests that with a little extra training,
rural older adults can participate in tele-EF similarly as urban ones.
These studies support the guidance issued by Sound Genera-
tions to hold an orientation session and have an assistant avail-
able to provide technical assistance during tele-EF classes (25).

Engaging rural older adults in health promotion is challenging
for a variety of reasons, including geographic barriers and trans-
portation difficulties. However, considering that older adults are
routinely seen in primary care clinics, partnering with rural-serving
health care systems can facilitate opportunities to promote phys-
ical activity. Indeed, our partnership with Arbor Health was critical
to reaching the current study’s target population. Anecdotally,
some participants shared that receiving the recruitment letter from
Arbor Health and checking with their physician helped assure
them about the legitimacy of the study and tele-EF program. Part-
nerships with health care systems can also help sustain pro-
grams. Arbor Health, for instance, obtained an EF license and is
now offering tele-EF classes on the basis of feedback received
from study participants.

It is notable that half of the study participants at baseline
reported falling in the past year and a third had fallen multiple
times (Table 1). Further, the average time to complete the TUG
test at baseline was greater than or equal to 12 seconds
(Table 2), a threshold recommended by the CDC to identify those
with a high risk of falling (https://www.cdc.gov/steadi/). This high
prevalence of falls-related risk factors is consistent with epidemio-
logic studies reporting that knee OA is associated with increased
falls risk (50–53). The magnitude of change in TUG time (1.8 sec-
onds; Table 2) from baseline to the 12-week end point was sub-
stantial and clinically meaningful (42), suggesting that
participation in tele-EF may reduce falls risk. Previous studies
have demonstrated that participation in the in-person EF program
improves TUG time by 1.1 to 1.4 seconds (54,55) and is associ-
ated with reduced risk of falls-related injury (56). Indeed, EF is rec-
ognized as an evidence-based falls prevention program (57).
Future trials are needed to demonstrate the efficacy of tele-EF
for reducing falls risk in older adults with OA.

Several limitations should be considered when interpreting
the current study results. First, this pilot study was not statistically
powered to detect meaningful change in outcome measures.

Also, there was no control group to compare changes in out-
comes and evaluate the efficacy of tele-EF. Second, the duration
of the tele-EF intervention was limited to 12 weeks (36 one-hour
exercise classes). Third, outcomes were only assessed immedi-
ately post intervention, without long-term follow-up. Lastly, the
study’s generalizability is limited because only one participant
was male and we only partnered with one health care system in
a single rural county in Washington State. Also, potential partici-
pants who did not use digital technology might not have con-
tacted the study, although several study participants had limited
technology experience.

To our knowledge, this is the first study to evaluate remote
delivery of EF, an evidence-based exercise program that is rec-
ommended by the CDC for OA management (17). The study find-
ings indicate that with appropriate technology support, tele-EF is
feasible and acceptable to rural older adults with knee
OA. However, additional research is needed with larger trials to
evaluate the effectiveness of tele-EF in this population with limited
access to in-person evidence-based exercise programs.
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