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Abstract

Background: Musculoskeletal care is now delivered via mobile apps as a health care benefit. Although preliminary evidence
shows that the clinical outcomes of mobile musculoskeletal care are comparable with those of in-person care, no research has
examined the features of app-based care that secure these outcomes.

Objective: Drawing on the literature around in-person physical therapy, this study examines how patient-provider relationships
and program engagement in app-based physical therapy affect clinically meaningful improvements in pain, function, and patient
satisfaction. It then evaluates the effects of patient-provider relationships forged through in-app messages or video visits and
timely, direct access to care on patients’ engagement in their recovery.

Methods: We conducted an observational, retrospective study of 814 pre- and postsurveyed participants enrolled in a mobile
app physical therapy program where physical therapists prescribed workouts, education, and therapeutic activities after a video
evaluation from February 2019 to December 2020. We estimated generalized linear models with logit functions to evaluate the
effect of program engagement on clinical outcomes, minimal clinically important differences (MCIDs) in pain (ΔVisual Analogue
Scale ≤−1.5) and function (ΔPatient Specific Functional Scale ≥1.3), and the effects of patient-provider relationships and clinical
outcomes on patient satisfaction—participant reported likelihood to recommend the program (Net Promoter Scores of 9-10). We
estimated Poisson generalized linear models to evaluate the effects of stronger patient-provider relationships and timely access
to physical therapy within 24 hours on engagement including the number of weekly workouts and weeks in the program.

Results: The odds that participants (N=814) had a pain MCID increased by 13% (odds ratio [OR] 1.13, 95% CI 1.04-1.23;
P=.003) with each weekly workout and the odds of a function MCID by 4% (OR 1.04, 95% CI 1.00-1.08; P=.03) with each week
in the program. Participants with MCIDs in function and large changes in pain (Δ Visual Analogue Scale ≤−3.5) were 1.85 (95%
CI 1.17-2.93; P=.01) and 2.84 times (95% CI 1.68-4.78; P<.001) more satisfied, respectively. Those with video follow-up visits
were 2 to 3 times (P=.01) more satisfied. Each physical therapist’s message increased weekly workouts by 11% (OR 1.11, 95%
CI 1.07-1.16; P<.001). Video follow-up visits increased weekly workouts by at least 16% (OR 1.16, 95% CI 1.04-1.29; P=.01)
and weeks in the program at least 8% (OR 1.08, 95% CI 1.01-1.14; P=.02). Access was associated with a 14% increase (OR 1.14,
95% CI 1.05-1.24; P=.003) in weekly workouts.

Conclusions: Similar to in-person care, program engagement positively affects clinical outcomes, and strong patient-provider
relationships positively affect satisfaction. In app-based physical therapy, clinical outcomes positively affect patient satisfaction.
Timely access to care and strong patient-provider relationships, particularly those forged through video visits, affect engagement.

(JMIR Rehabil Assist Technol 2022;9(1):e31349) doi: 10.2196/31349
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Introduction

Background
Physical therapists, providers with highly specialized knowledge
in managing musculoskeletal conditions [1-3], now deliver care
directly through mobile apps. In a digital environment, physical
therapists evaluate and diagnose patients on demand to ensure
they receive appropriate care. Rather than prescribing opioids
[4-7] or administering unnecessary imaging [8-19], physical
therapists can prescribe exercise and education, which are key
components of evidence-based care in physical therapy, as a
first line of defense [11-13].

Increasing evidence supports that physical therapy via a mobile
app delivers pain and functional outcomes comparable with
those of in-person care [14-16]. However, this literature does
not explore what drives clinically meaningful outcomes in pain,
function, and patient satisfaction—the foundational measures
of evidence-based physical therapy— in a digital setting [17].

In brick-and-mortar physical therapy clinics, “adherence” to a
course of provider-prescribed care drives clinical outcomes
[18]. Consistent at-home exercise, which is among the most
supported physical therapy interventions, as well as completion
of prescribed or insurance-allowed visits are assessed by
physical therapists to measure adherence [17,19,20].

Physical therapy delivered through a mobile app may not be
structured similarly to in-person physical therapy with a specific
number of weekly visits. In the program examined in this paper,
care delivery focused on immediate access to care, ad hoc
follow-up video visits, and direct, asynchronous communication
between patients and their designated therapists. After an initial
synchronous video evaluation, physical therapists designed
recovery programs to accord with patients’ goals and altered
these programs in response to synchronous and asynchronous
feedback from patients. Physical therapists guided their patients
through phases of their recovery in real time based on their
activity levels, feedback to exercises, and changes in pain and
function levels throughout an episode of care.

Owing to the real-time nature of physical therapy in this setting,
we take a broader view of adherence and measure it as program
engagement defined by 2 measures: the number of
patient-recorded in-app–prescribed therapeutic weekly workouts
and the number of weeks participants are active in the program.
We first tested the hypothesis that clinical outcomes (clinically
meaningful pain reduction and functional improvement) were
positively associated with program engagement.

In concert with driving clinical outcomes by leveraging the best
available evidence, evidence-based care is patient-centered,
which is measured by patient satisfaction [21]. Some evidence
indicates that patient satisfaction with in-person physical therapy
is based on office experiences such as wait times and friendly
exchanges between patients, physical therapists, and office staff
[22-24], whereas digital care removes such experiences.
However, care delivered through an app can nurture
relationships between physical therapists and patients through
in-app chat and face-to-face video visits. We tested the
hypothesis that the strength of patient-provider relationships

[25,26] measured by the frequency of digital communication
with providers (number of days providers send weekly in-app
chat messages and number of synchronous follow-up video
visits) is positively associated with patient satisfaction.

There is inconsistent evidence in the literature about how
patients’ clinical outcomes affect patient satisfaction with
physical therapy [27]. By removing some of the subjective
aspects of care (eg, appointment wait times, office cleanliness,
friendliness of staff), clinical outcomes may take on new
significance for patient satisfaction in a digital setting.
Therefore, we also tested the hypothesis that patient satisfaction
is associated with the clinical outcomes of the program itself.

There are explicit trade-offs between care delivered through a
mobile app versus in-person office visits. On the one hand,
regular face-to-face visits may better strengthen patient–provider
relationships than app-based video visits and chats. On the other
hand, patients who arrive at in-person physical therapy only
after referral, ineffective self-management, or alternative
therapies (eg, acupuncture and massage), may be less motivated
to engage in their treatment than those who can directly access
care the same day via an app. Although we cannot interrogate
these trade-offs in this paper, our secondary purpose is to
understand if the strength of digital patient-provider relationships
and immediate access to care via a mobile physical therapy
program affects how readily participants engage in their own
recovery.

In traditional clinical settings, provider communication with
patients affects their adherence to treatment [28], which, in turn,
affects whether patients experience meaningful clinical
outcomes. Interpersonal connections with providers often
motivate patients to adhere to prescribed care [24,29]. Patients’
relationships with their providers are strengthened the more
they interact [25,26]. The content of communication also
matters; positive feedback from providers is associated with
exercise adherence [20]. The providers in this study were trained
to positively reinforce exercise adherence via in-app chat and
video visits. We hypothesize that the frequency of
patient-provider digital communication is associated with
physical therapy program engagement as measured by longer
episodes of care and more weekly workouts.

There is also evidence that early, direct access to physical
therapy can affect clinical outcomes by treating conditions
before they become more chronic and difficult to treat [30-32].
This effect may be behavioral in the sense that patients who are
motivated and able to expediently address an issue are more
likely to engage and do the hard work to get better, that is, to
exercise [33]. By reducing barriers to access physical therapy,
patients, regardless of their chronicity, who are motivated to
initiate physical therapy can promptly do so, and this motivation
may express itself in better engagement than those who wait
longer for initial video evaluations [34]. We tested the
hypothesis that access to initial evaluations with physical
therapists within 24 hours is associated with greater program
engagement.
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Objective
Our goal in this study is to examine the aspects of
patient-provider relationships and program engagement that are
associated with clinically important differences in pain and
function along with patient satisfaction in physical therapy
delivered via a mobile app. The secondary purpose of this study
is to understand how 2 aspects of mobile app–based care
delivery—relationships built on in-app interactions and
immediate access to care—affect patient behaviors that are
clinically meaningful: consistently working out and sticking
with the program.

Methods

Study Design
We conducted an observational, longitudinal, retrospective
study using data collected from commercial users of a physical
therapy program delivered via a mobile app offered as a health
benefit with no cost or copay to privately insured employees
by their employers [35]. The study used health care operations
data, not originally collected for research purposes, which were
deidentified for analysis. Participants registered and checked
for program eligibility through a landing page created
specifically for their employer and accessible through
employers’ benefits portals. Once eligibility was verified,
participants were given a passphrase to download the app, read
and accept in-app informed consent, and complete a mandatory
in-app baseline survey. Each survey response was associated
with an individual participant’s account. The Western
Institutional Review Board granted an exemption from human
subject research for the study’s protocol.

We used established patient-reported outcome measures,
including the Patient Specific Functional Scale (PSFS), Visual
Analogue Scale (VAS), and Global Rate of Change (GROC),
which were delivered asynchronously [36]. Our internal user
experience team developed the layout and functionality of the
surveys. Both the baseline and final surveys surfaced questions
in the same order for all participants. Before launching the
program on February 15, 2019, we deployed the surveys to
other populations of patients treated in the program. The survey
results from this trial period demonstrated that they consistently
agreed with the patients’ subjective reports.

The baseline survey had an average of 4 questions across 5
screens. All the questions in the baseline survey were required
to be answered. The final survey had an average of 4.5 questions
across 4 screens, with responses to all but one open-ended
question required. Participants could go back during their
surveys and edit responses on previous pages, but they could
not review their responses as a summary or alter their surveys
after submission.

Intervention
To enroll in the program, participants created an account in a
mobile app and entered demographic information (age and
gender), their chief complaint, and provided pain and function
ratings in an in-app baseline survey. The participants were
matched with a therapist licensed in their state to schedule an
initial video evaluation visit. The program’s therapists were

trained in evidence-based approaches to evaluate, diagnose, and
treat patients on demand via a mobile app.

During the evaluation, physical therapists conducted an in-depth
interview and performed a physical exam over secure in-app
video to establish a functional baseline and arrive at a diagnosis.
On the basis of the participant’s diagnosis and treatment goals,
physical therapists then prescribed a course of care accessible
through the app. Therapists also assigned educational content
specific to patients’ conditions, therapeutic activities (eg, icing
or going for a walk), and asynchronous digital physical
assessments. Physical therapists modified their patients’ care
plans in response to direct feedback from patients via in-app
chat, regular pain and function surveys, or follow-up video
visits.

All activities in the program were collected and quantified,
including completion of prescribed in-app exercises and
therapeutic activities, in-app chats with physical therapists, and
subsequent video visits. At the end of the program, participants
were asked to complete a final survey, which included final
measures of pain and function.

Participants
We included participants in the study who enrolled after the
launch of the program on February 15, 2019, and completed
the program by December 31, 2020, if they were (1) aged ≥18
years; and (2) presented with a musculoskeletal condition such
as low back pain, neck pain, arthritis, sprains, strains, or similar
overuse injuries that would benefit from physical therapy or
presented for postoperative rehabilitation; and (3) completed a
participant survey of clinical outcomes at the end of their
episode of care or reported reliable pain and function metrics
toward the end of care in weekly surveys. We excluded
participants if they (1) did not meet the inclusion criteria and
(2) endorsed symptoms or multiple conditions during the initial
video evaluation that physical therapists determined would
preclude the use of app-based physical therapy as a first line of
treatment and required referral for an in-person physical exam
(eg, fractures, cervical central cord lesion, subarachnoid
hemorrhage or ischemic stroke, unexplained weight gain or
loss, fatigue and malaise, among other conditions).

Participants in our sample were not automatically excluded if
they endorsed symptoms found on the Optimal Screening for
Prediction of Referral and Outcome-Review of Systems
(OSPRO-ROS) tool [37]. Rather, physical therapists assessed
the appropriateness of app-based physical therapy given patients’
explanations of their symptoms and the ongoing management
of those conditions by a physician.

During the study period, 945 participants completed the program
and a final outcome survey. Participants typically completed
the voluntary final survey within 2 weeks of finishing the
program and were neither incentivized nor reminded to do so.
We carried forward 33 pain and function observations that
participants reported in weekly in-app pain and function surveys
if participants reported them less than 3 weeks before completing
the program and more than 2 weeks after starting the program.
Weekly pain and function surveys were not implemented until
September 23, 2020, and participants responded more readily
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to these earlier in their recovery, resulting in few responses to
carry forward. We also imputed 32 values for missing
satisfaction scores using the modal responses of similar
participants with similar earlier in-episode satisfaction scores.
The average time between baseline and outcome responses
collected during either the final survey or last weekly pain and
function surveys was approximately 44 days.

To eliminate outliers, we calculated the standardized individual
difference by dividing participant-level pre–post outcome
differences by the SD of those differences and eliminating
observations above and below 1% of the distribution for both
clinical outcomes [38]. If participants reported differences in
pain or functional scores outside of these thresholds, they were

excluded. This procedure eliminated 128 outliers. Most of these
outliers (all but 29) had inconsistent data where participants
reported improvement on the GROC final survey question
(GROC>0) but reported that either their pain or function
worsened and were moving in opposing directions.

A total of 36 participants had too little activity to make reliable
conclusions about the program’s outcomes (no workouts and
<2 weeks in the program) and were excluded from the analysis.
This left a total of 814 eligible participants included in the study
(Figure 1). We estimated models with and without outlier
removal, with 2.5% outlier elimination, as well as with and
without carrying forward the final pain and function
observations and obtained similar results.

Figure 1. Study participation flow diagram.

Measurements

Clinical Outcomes
In the baseline and end-of-program surveys, participants rated
their maximum pain levels over the last 24 hours using the VAS
[39] on a scale from 0 (“no pain”) to 10 (“worst pain
imaginable”). Participants rated their level of functional
impairment on a scale from 0 (“completely unable to perform”)
to 10 (“able to perform normally”) for up to 3 different
self-identified activities impacted by their condition using the
PSFS [36,39,40]. We used the functional measure for the activity
participants mentioned first because this is likely the daily
activity that they struggle with most. We also modeled the
average score across the PSFS activities, which yielded similar
results, but resulted in a greater number of outliers. In the app,
participants saw these scales as a slider that ranged continuously
from 0 to 10.

We created 2 binary variables for minimal clinically important
differences (MCID) in pain (VAS) and function (PSFS): a value
of 1 was assigned to participants’ episodes with changes in their
pain ≤−1.5 points and ≥1.3 points in their functional ability [36].
Otherwise, a value of 0 was assigned.

We also created binary variables equal to 1 for large changes
in pain (ΔVAS≤−3.5) and function (ΔPSFS≥2.7) and 0 otherwise

based on thresholds identified in the literature [36]. We did this
because, at the outset of the study, we did not know if different
thresholds of change in clinical outcomes might affect
satisfaction because clinical outcomes are not observed to affect
satisfaction in the literature evaluating in-person physical
therapy. We found that thresholds for moderate changes in pain
(−3<ΔVAS≤−3) or function (2.7<ΔPSFS≥2.3) contained
relatively few observations (61 observations for those with
moderate pain changes and 36 for those with moderate function
changes) and did not affect satisfaction; therefore, we decided
to test the effects of MCIDs on pain and function and large
changes in these clinical outcomes, retaining the smallest change
necessary to affect satisfaction [36].

Satisfaction
Satisfaction with the program was measured by a final survey
question that was used to calculate the Net Promoter Score
(NPS) by asking participants to answer: “How likely is it that
you will recommend the program to a friend or colleague?” on
a scale from 0 “Not at all Likely” to 10 “Extremely Likely.”
NPS defines categories of respondents as “Detractors” (0-6),
“Passives” (7-8), and “Promoters” (9-10) [41,42]. Owing to the
lack of variation in this variable, we chose to investigate the
correlates of being a promoter. We created a binary variable
equal to 1 if participants scored the NPS question with a score
of 9 or 10 and 0 otherwise.
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Program Engagement
Two variables measured program engagement: (1) the number
of in-app workouts per week and (2) the duration of the program
in weeks. The duration of the program was calculated as the
difference between the time participants started the program
after their initial evaluation to the end of the program, which
was defined as the time when patients were either discharged
directly by their provider or were inactive for 2 weeks,
whichever came first.

Patient-Provider Relationships
During the program, physical therapists communicated
asynchronously with participants through in-app chat to assess
their progress and provide guidance. Physical therapists and
participants also scheduled synchronous follow-up video visits.
Patient-provider communications are used to measure the
strength of these relationships and are captured by (1) the
number of unique days a provider sends a message to
participants through in-app chat per week and (2) a categorical
variable for the number of video follow-up visits after
participants’ initial video evaluations. The categories for
follow-up visits included (1) no visits, (2) 1 to 2 visits, (3) 3 to
4 visits, and (4) 5 or more visits. The category for “no visits”
was omitted from our models to serve as a comparator.

Access
Prompt access to care was measured in days to the initial video
evaluation after enrolling in the program. A binary variable was
created with 1 assigned to those who accessed care within 24
hours, and 0 assigned to those who accessed care after 24 hours.

Controls
Chronicity, baseline pain and function levels, comorbid
conditions, and adverse symptoms can affect participants’
recovery [14]. We controlled for comorbid conditions including
hypertension, diabetes, cardiovascular disease, a family or
personal history of cancer, or other conditions, including
behavioral health conditions. We also controlled for adverse
symptoms found on the OSPRO-ROS [37], such as night sweats,
headaches, lightheadedness, or abnormal sensations.

We controlled for baseline pain and function. Baseline pain was
categorized as little to no pain (VAS≤1), mild pain
(3.4≤VAS>1), moderate pain (7.4≤VAS>3.4), and severe pain
(VAS>7.4) based on cut points identified in the literature [43].
Severe baseline pain (other categories were omitted) as well as
continuous baseline pain and function scores served as controls
in our models because, in our clinical practice, we observed that
patients with poorer scores on baseline pain and function face
larger physical and behavioral health obstacles to recovery than
patients with better scores, who also have less room to improve
[44,45]. We present controls in the results when they are
statistically significant (P<.05).

Statistical Analysis Plan
To test our hypotheses, we estimated generalized linear models
(GLMs). GLMs for MCIDs in pain, function, and satisfaction
were estimated using the binomial family of exponential
dispersion models and a logit link function, which is equivalent
to a logistic regression model fit by maximum likelihood
estimation. GLMs for the number of workouts per week and
number of weeks in the program were estimated using the
Poisson family of exponential dispersion models and a log link
function. We interpreted our results by evaluating changes in
the odds of an outcome, which were calculated by
exponentiating the coefficients from the model, and by
subtracting 1 from the odds to better interpret odds that were
less than one (negative coefficients).

Results

Overview
Table 1 presents the demographic and clinical profiles of the
participants in the sample at baseline. Nearly half (387/814,
47.5%) of the participants were female and aged approximately
41 years, on average. Furthermore, 26.2% (214/814) were aged
≥50 years when musculoskeletal symptoms present with greater
frequency, limiting productivity while working [46]. The
participants were treated for various musculoskeletal conditions.
No single anatomical region captured most of the participants’
diagnosed conditions.

Table 2 presents descriptive statistics for outcomes and
predictors in the analysis. Mean VAS was 1.7 (SD 1.9) at
program completion compared with 4.4 (SD 2.2) at baseline
(Table 1). Approximately 66.8% (544/814) experienced an
MCID in pain (VAS Δ≤–1.5) with 35.5% (289/814)
experiencing a large pain change (VAS Δ≤–3.5) [36]. Mean
PSFS was 7.8 (SD 2.4) post treatment, compared with 5.2 (SD
3) at baseline (Table 1), with nearly 63.7% (519/814) reporting
an MCID in function (PSFS Δ≥1.3) and 51.7% (421/814) a large
change (PSFS Δ≥2.7) [36]. Participants were highly satisfied
with an average 9.3 on the NPS question. The average
participant logged 2.8 workouts per week over an average
duration of 9.1 weeks in the program.

On average, providers frequently communicated with the
participants. About one-third (257/814, 31.6%) of the
participants completed 3 or more additional video visits beyond
the initial evaluation. In between visits, physical therapists
checked in with participants about 1.8 days per week via in-app
chat. Provider chat messages consisted of single messages or
in-depth live chat conversations with participants.
Approximately 52.8% (430/814) of the participants completed
their initial video consultation within 24 hours of registering
for the program. Multimedia Appendix 1 provides a heatmap
of significant Pearson correlations between the variables
included in the analysis.
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Table 1. Baseline participant characteristics (N=814).

ValuesCharacteristics

Demographics

387 (47.5)Female, n (%)

Age (years)

40.85 (11.9)Value, mean (SD)

214 (26.3)≥50, n (%)

Anatomical region, n (%)

172 (21.1)Low back pain

132 (16.2)Shoulder

118 (14.5)Knee

104 (12.8)Neck

84 (10.2)Upper body, elbow, wrist, hand, or arm

83 (10.3)Lower body, ankle, foot or leg

70 (8.6)Hip

46 (5.7)Back or spine

5 (0.6)Other

Clinical baseline, mean (SD)

4.4 (2.2)Pain baseline (VASa)

5.2 (3.0)Function baseline (PSFSb)

Baseline pain level categories, n (%)

61 (7.5)Little to no pain (VAS≤1)

218 (26.8)Mild pain (3.4≤VAS>1)

475 (58.4)Moderate (7.4≤VAS>3.4)

60 (7.4)Severe pain (VAS>7.4)

Chronicity, n (%)

497 (61.1)Chronic (>3 months)

128 (15.7)Subacute (1-3 months)

189 (23.2)Acute (<1 month)

Comorbid conditions and adverse symptoms, n (%)

383 (47.1)Reported comorbid conditions

281 (34.5)Reported adverse symptoms

aVAS: Visual Analogue Scale.
bPSFS: Patient Specific Functional Scale.
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Table 2. Descriptive statistics for outcomes and predictors (N=814).

ValuesVariables

Clinical outcomes

1.7 (1.9)Pain outcome (VASa), mean (SD)

Pain changes, n (%)

544 (66.8)Pain MCIDb (ΔVAS≤−1.5)

289 (35.5)Large pain MCID (ΔVAS≤−3.5)

7.8 (2.365)Function Outcome (PSFSc), mean (SD)

Function changes, n (%)

519 (63.8)Function MCID (ΔPSFS≥1.3)

421 (51.7)Large function MCID (ΔPSFS≥2.7)

Satisfaction

9.3 (1.5)Likelihood to recommend, mean (SD)

674 (82.8)Promoters, n (%)

Program engagement, mean (SD)

2.8 (2.2)Number of workouts per week

9.1 (5.4)Weeks in program

Patient-provider communication

1.8 (1.1)Days messaged by physical therapist per week, mean (SD)

Follow-up visits, n (%)

232 (28.5)None

325 (39.9)1-2

180 (22.1)3-4

77 (9.5)≥5

Access, n (%)

430 (52.8)24 hours to first visit

aVAS: Visual Analogue Scale.
bMCID: minimal clinically important difference.
cPSFS: Patient Specific Functional Scale.

Clinical Outcomes
Figure 2 demonstrates that as weekly workouts increased, pain
decreased. In Table 3, we see that after controlling for significant
baseline characteristics, the odds of having an MCID in pain
increased by 1.13 (P=.003) times for each additional weekly
workout a participant completed. There were no significant
direct effects of access or the strength of patient-provider
relationships as proxied by patient-provider communication on
MCIDs in pain or function.

Participants’ baseline chronicity and pain affected the odds of
having an MCID in pain. We observed a 46% (P<.001)
reduction in the odds of having an MCID in pain among
participants with chronic conditions compared to those with
conditions that troubled them for less than 3 months. Those
with severe pain saw a 70% (P=.01) reduction in the odds of
having an MCID in pain compared to those with less severe
pain levels. However, the odds of having an MCID in pain
increased by 80% (P<.001) for each additional unit in reported

baseline pain; those with higher pain, all else being equal, had
more room to improve their pain.

Figure 3 illustrates the positive relationship between functional
improvements and weeks in the program. Table 3 further shows
that program engagement also increased the odds of having an
MCID in function, but only as measured by weeks in the
program and not the number of workouts per week. We observed
a 4% (P=.03) increase in the odds of having an MCID in
function with each additional week a participant spent in the
program.

Participants’ age, chronicity, and baseline pain severity and
function affected the odds that the participants saw an MCID
in function. The odds of completing the program with an MCID
in function were 53% (P<.001) lower for participants aged ≥50
years than those of younger participants. Similar to the results
for pain, the odds of having an MCID in function were 50%
(P<.001) lower for participants with chronic conditions
compared to their counterparts with acute and subacute
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conditions. The odds of having an MCID in function were also
71% (P<.001) lower for participants with severe pain compared
to those with moderate, mild, or little to no pain. With each

additional unit of reported baseline function, the odds of having
an MCID in function decreased by 42% (P<.001); better
functioning patients had less room for improvement.

Figure 2. Distribution of pain change by number of workouts. VAS: Visual Analogue Scale.

Table 3. Odds ratios (ORs) for generalized linear models of program engagement and baseline controls on clinical outcomes (814 observations)a.

P valueOR (95% CI)Variables

Pain MCIDb

<.0010.13 (0.07-0.24)Intercept

Program engagement

.0031.13 (1.04-1.23)Number of workouts per week

Controls

.0030.56 (0.38-0.83)Age ≥50 years

<.0010.54 (0.38-0.77)Chronic condition

.010.30 (0.12-0.74)Severe pain

<.0011.80 (1.63-2.00)Baseline pain

Function MCID

<.00189.24 (43.52-182.98)Intercept

Program engagement

.031.04 (1.00-1.08)Number of weeks in program

Controls

<.0010.47 (0.31-0.72)Age ≥50 years

<.0010.50 (0.35-0.74)Chronic condition

<.0010.29 (0.14-0.57)Severe pain

<.0010.58 (0.54-0.63)Baseline function

aComorbid conditions, adverse symptoms, and access were not significant, and there was no direct relationship between provider communication and
outcomes.
bMCID: minimal clinically important difference.
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Figure 3. Distribution of functional change by weeks in program. PSFS: Patient Specific Functional Scale.

Satisfaction
Table 4 presents the results of our GLM for satisfaction, which
was measured using a binary variable for whether a participant
was a “promoter” of the program. Satisfaction was positively
related to video follow-up visits by providers (increasing odds
of being a promoter 2 to 3 times). The odds of being a promoter

were 85% (P<.001) higher if participants had an MCID in
function. However, improvements in pain only significantly
affected the odds of being a promoter if participants experienced
large pain changes. Participants with large changes in pain had
nearly 3 times the odds (odds ratio 2.84, 95% CI 1.68-4.78;
P<.001) of being a promoter of the program compared to those
with smaller or no pain changes.

Table 4. Odds ratios (ORs) for generalized linear models of strength of patient–provider relationships, clinical outcomes, and baseline controls on

satisfaction (814 observations)a.

P valueOR (95% CI)Variables

Promoter (likelihood to recommend ≥9)

.431.47 (0.56-3.84)Intercept

Patient–provider communication

<.0012.06 (1.33-3.20)1-2 follow-up visits

.012.17 (1.27-3.70)3-4 follow-up visits

.013.32 (1.42-7.79)≥5 follow-up visits

Pain and function changes

.011.85 (1.17-2.93)Function MCIDb

<.0012.84 (1.68-4.78)Large pain MCID

Controls

<.0012.23 (1.48-3.34)Female

.031.09 (1.01-1.17)Baseline function

.0040.85 (0.22-0.95)Baseline pain

aA total of 32 imputed values (782 original).
bMCID: minimal clinically important difference.

Program Engagement

Patient-Provider Relationships
Table 5 presents results for program engagement measured by
number of workouts per week and weeks in the program. Each
additional weekly message a physical therapist sent to
participants increased the number of workouts per week by 11%
(P<.001). Follow-up visits also directly affected the number of

weekly workouts that participants completed. In Figure 4, we
demonstrate the relationship between the frequency of video
follow-up visits and number of weekly workouts.

The results in Table 5 show that, compared with participants
who did not have follow-up visits, those with 1 to 2 follow-up
video visits had 16% (P=.01) more workouts per week and those
with 3 to 4 follow-up visits had 32% (P<.001) more workouts
per week. This effect tapered off and was no longer significant
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for participants with 5 or more follow-up visits. These results
indicate that there may be a sweet spot for on-screen facetime

between patients and providers to build a strong, motivating
relationship.

Table 5. Odds ratios (ORs) for generalized linear models of strength of patient–provider relationships, access, and baseline controls on program
engagement (814 observations).

P valueOR (95% CI)Variables

Number of workouts per week

<.0012.04 (1.68-2.47)Intercept

Patient-provider communication

.011.16 (1.04-1.29)1-2 follow-up visits

<.0011.32 (1.17-1.49)3-4 follow-up visits

.491.06 (0.90 to 1.25)≥5 follow-up visits

<.0011.11 (1.07-1.16)Days messaged by physical therapist per week

Access

.0031.14 (1.05-1.24)24 h to first visit

Controls

<.0011.25 (1.14-1.37)Age ≥50 years

.0020.87 (0.79-0.95)Adverse symptoms

.010.76 (0.63-0.92)Severe pain (VASa>7.4)

.0491.02 (1.00-1.05)Baseline pain (VAS)

<.0010.96 (0.95-0.98)Baseline function (PSFSb)

Number of weeks in program

<.0019.57 (8.80-10.40)Intercept

Patient-provider communication

.021.08 (1.01-1.14)1-2 follow-up visits

<.0011.28 (1.19-1.36)3-4 follow-up visits

<.0011.91 (1.77-2.05)≥5 follow-up visits

<.0010.85 (0.83-0.87)Days messaged by physical therapist per week

Controls

<.0011.11 (1.05-1.16)Age ≥50 years

<.0011.13 (1.08-1.18)Chronic Condition (>3 months)

<.0011.11 (1.06-1.17)Adverse symptoms

<.0010.99 (0.98-0.99)Baseline function (PSFS)

aVAS: Visual Analogue Scale.
bPSFS: Patient Specific Functional Scale.
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Figure 4. Distribution of number of workouts per week by number of follow-up visits.

Access
Table 5 also shows that participants had greater odds of
completing more workouts per week if they accessed physical
therapy quickly through an initial video evaluation within 24
hours. Participants who saw their physical therapist within 24
hours finished 14% (P=.003) more weekly workouts than those
who waited longer for visits.

We included significant controls for age, adverse symptoms,
pain severity, and baseline pain and function scores.
Interestingly, participants aged ≥50 years had about 25%
(P<.001) more weekly workouts than their younger counterparts.
These participants may have had more time to work out (eg,
fewer small children at home) or they may have been more
motivated to work out to ease persistent conditions.

Participants who concurrently experienced adverse symptoms
found on the OSPRO-ROS did approximately 13% (P=.002)
fewer weekly workouts compared with those who did not present
with these symptoms. Those with severe pain also had fewer
weekly workouts, despite an inverse relationship between worse
baseline pain and function scores and program engagement via
working out.

Table 5 additionally shows the effect of patient–provider
relationships on the number of weeks participants remained in
the program. Although program duration is not the ideal
measurement of engagement, it further validates our findings
on how patient–provider communication may strengthen

relationships and its association with program engagement and
meaningful functional outcomes.

Table 5 shows a negative association between the number of
weekly physical therapists’messages and weeks in the program.
Each additional weekly message sent by a physical therapist to
the participants was associated with a 15% decrease in the
number of weeks in the program (P<.001). As depicted in Figure
5, this may be because of unsuccessful attempts to reach out to
participants who achieved their program goals, but had not
communicated with their physical therapists who, therefore,
delayed formal discharge.

Additional video follow-up visits were positively associated
with program duration. Compared with participants who did
not have follow-up visits, Table 5 shows that those with 1 to 2
follow-up video visits had 8% (P=.02) more weeks in their
episodes, those with 3 to 4 follow-up visits had 28% (P<.001)
more weeks, and those with ≥5 follow-up visits spent 91%
(P<.001) more weeks in the program. Program access within
24 hours was not significantly correlated with the program
duration.

Participants who were aged ≥50 years (P<.001) with chronic
conditions (P<.001) and adverse symptoms (P<.001) all had
greater odds of having longer episodes than their younger
counterparts without chronic conditions or adverse symptoms.
Those with higher functionality at baseline had shorter episodes
(P<.001). Multimedia Appendix 2 illustrates all models with
the main effects only.
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Figure 5. Mean physical therapist messages per week by distribution of program durations in weeks.

Discussion

Principal Findings
This study builds on prior studies that show that mobile
app–based physical therapy delivers similar outcomes to
in-person care [16,47,48]. Similar to in-person physical therapy,
clinical outcomes for physical therapy delivered via a mobile
app were positively associated with program engagement
[17-20]. Meaningful changes in pain were positively correlated
with participants performing the most clinically relevant activity:
consistently exercising.

However, the mechanism driving clinically meaningful changes
in function requires a different form of engagement: time in the
program. Exercise-induced analgesia is well documented in the
literature, although the mechanism remains unclear [49,50]. We
speculate that patients may associate exercise with pain
reduction because they perceive a change in tissue status after
stretching and movement. They may report they feel “looser”
or “more flexible” immediately after exercise and associate that
as a positive result. Changes in function may occur gradually,
with incremental improvements not perceived until they hit a
specific functional threshold, resulting in a change in task
performance, such as more easily picking up their child or
walking down the stairs. As changes in function are likely
grounded in changes in strength, range of motion, motor
planning, or motor control, several weeks of consistent exercise

may be required to achieve meaningful functional improvement.
Future research should explore the causal mechanisms
underlying functional improvement versus pain reduction.

Unlike traditional physical therapy, we observed that clinical
outcomes were more closely associated with satisfaction. A
minimal amount of functional change had a large effect on
participants’willingness to recommend the program under study.
However, it took large changes in pain to influence participants
to recommend the program to their friends and family.

Perceptions of functional changes may differ from perceptions
of pain change. In our clinical practice, most patients during
intake come to us “because they don’t want to hurt anymore”
and expect pain to be eliminated. Patients may have more
relative, vague expectations around functional recovery unless
they cannot perform activities required for their livelihood.
Patients often struggle to pinpoint goals for functional
improvement. Pain alone may not be enough for patients to stop
doing something altogether or they may not have a requisite
daily task that they can no longer perform (eg, they must be
able to lift 50 pounds for their job; they cannot pick up their
child). This means that the elimination of pain (a hard outcome
to achieve) must be met to be satisfied, but a lower level of
functional improvement may yield satisfaction. Future research
should unpack perceptions around changes in pain and function
throughout recovery.
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Physical therapy delivered via a mobile app resembles in-person
physical therapy in that it depends on strong relationships
between patients and providers to be successful. Frequent, albeit
not weekly, video follow-up visits were positively associated
with satisfaction, the completion of more weekly workouts, and
persistence in the program, which were the key ingredients for
recovery. Asynchronous messaging may also help strengthen
patient–provider relationships because weekly workouts
increased with each day per week that providers messaged
participants. However, provider messaging may have a negative
effect if used to chase unresponsive participants later in the
program. Provider messages also did not have a significant
effect on satisfaction, whereas video visits did.

Frequent, face-to-face interactions between providers and
participants may keep participants motivated and remain active
in the program until they see significant improvements. Future
research should further explore how digital communication can
build stronger therapeutic alliances between physical therapists
and patients in a digital setting [22,29].

Unlike traditional in-person physical therapy, mobile physical
therapy has the potential to reduce time to care [51,52], with
significant effects on program engagement (number of weekly
workouts). Patients who seek care can access it immediately,
which may have a motivating effect to help them initiate
behavioral changes that alleviate pain and restore functionality
[34,53]. Direct access removes a barrier to traditional physical
therapy, which is often delayed while patients traverse a costly
referral process or receive inappropriate care from other
providers who do not practice evidence-based care [54]. The
experience of being passed from one provider to another is time
consuming, frustrating, and may negatively impact patients’
motivation toward recovery. Given the evidence that mobile
apps can provide prompt access to care that yields results
comparable with in-person care, apps may also deliver better
and more cost-effective results than the typical care pathway
that begins with a physician [1-3,47,54]. Care delivered via
mobile apps also removes barriers to recovery that can make
initiating traditional physical therapy inconvenient, including
appointment scheduling and travel [55].

We cannot eliminate the possibility that participants who access
care sooner are more intrinsically motivated or have fewer
barriers to exercising than those who delay their appointments.
The delivery of care in a digital environment is a promising

area for future research to understand how providers can
optimize care to ensure better clinical outcomes and patient
satisfaction.

Limitations
We did not find any direct relationship between clinical
outcomes and access to care or patient-provider communication
that indicates strong ties. Rather, access and relationships
between physical therapists and patients that were strengthened
by digital communication were associated with patient behaviors
that were then followed by significant recovery outcomes. Future
work should aim to understand the causal relationships between
the design of mobile app physical therapy programs in terms
of access, indicators of different qualities of patient-provider
relationships, and the recovery behavior of participants.

This study is inherently limited as an observational study of an
employer-based population. The voluntary nature of, and lack
of compensation for, completing the final survey meant that our
sample size was reduced, potentially biasing our results. The
results may not be generalizable to a broader population of
employees, retirees, or children. Our study also lacked a control
group. Future research should compare meaningful clinical
outcomes, satisfaction, and program engagement of mobile
app–based physical therapy to in-person physical therapy in a
controlled clinical trial. Randomized control trials or other
suitable experimental methods should be used to unpack
causality around patient-provider communication and relational
indicators, access to care, and program engagement.

Conclusions
Physical therapy delivered via a mobile app may be more likely
to result in clinically important changes in pain and function if
it engages patients by directly connecting them with physical
therapists and by facilitating strong relationships with their
providers. Synchronous communication, in particular video
visits, may help physical therapists foster strong relationships
that personalize app-based care and build in accountability and
encouragement so that patients engage in recovery and,
concomitantly, enjoy clinically important improvements in pain
and function. In app-based physical therapy, clinical outcomes
may be more closely associated with patient satisfaction,
independent of patients’ relationships with their providers, than
what is observed in studies evaluating in-person physical
therapy.

Acknowledgments
The authors are indebted to Julie Mulcahy, Steve Bayer, Ryan Quan, Anna DeLaRosby, and Melissa Leebove for their insightful
comments, edits, and support in crafting this paper. We are also grateful for Dan Rubinstein and Cameron Marlow, whose vision
and desire to improve health care, led to the creation of Physera.

Conflicts of Interest
LB and TN are both employed shareholders of Omada Health Inc.

Multimedia Appendix 1
Heatmap of significant Pearson correlations (P<.05).
[PNG File , 218 KB-Multimedia Appendix 1]

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 1 | e31349 | p. 13https://rehab.jmir.org/2022/1/e31349
(page number not for citation purposes)

Beresford & NorwoodJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=rehab_v9i1e31349_app1.png&filename=9c1547d9c16f750b42a03c3563dbca2f.png
https://jmir.org/api/download?alt_name=rehab_v9i1e31349_app1.png&filename=9c1547d9c16f750b42a03c3563dbca2f.png
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 2
Models with main effects only.
[PDF File (Adobe PDF File), 62 KB-Multimedia Appendix 2]

References

1. Childs JD, Whitman JM, Sizer PS, Pugia ML, Flynn TW, Delitto A. A description of physical therapists' knowledge in
managing musculoskeletal conditions. BMC Musculoskelet Disord 2005 Jun 17;6:32 [FREE Full text] [doi:
10.1186/1471-2474-6-32] [Medline: 15963232]

2. Grona SL, Bath B, Busch A, Rotter T, Trask C, Harrison E. Use of videoconferencing for physical therapy in people with
musculoskeletal conditions: a systematic review. J Telemed Telecare 2018 Jun;24(5):341-355. [doi:
10.1177/1357633X17700781] [Medline: 28403669]

3. Horsley S, Schock G, Grona SL, Montieth K, Mowat B, Stasiuk K, et al. Use of real-time videoconferencing to deliver
physical therapy services: a scoping review of published and emerging evidence. J Telemed Telecare 2020
Dec;26(10):581-589. [doi: 10.1177/1357633X19854647] [Medline: 31213166]

4. Babatunde OO, Jordan JL, Van der Windt DA, Hill JC, Foster NE, Protheroe J. Effective treatment options for musculoskeletal
pain in primary care: a systematic overview of current evidence. PLoS One 2017;12(6):e0178621 [FREE Full text] [doi:
10.1371/journal.pone.0178621] [Medline: 28640822]

5. Larochelle MR, Zhang F, Ross-Degnan D, Wharam JF. Trends in opioid prescribing and co-prescribing of sedative hypnotics
for acute and chronic musculoskeletal pain: 2001-2010. Pharmacoepidemiol Drug Saf 2015 Aug;24(8):885-892. [doi:
10.1002/pds.3776] [Medline: 25906971]

6. Kidner CL, Mayer TG, Gatchel RJ. Higher opioid doses predict poorer functional outcome in patients with chronic disabling
occupational musculoskeletal disorders. J Bone Joint Surg Am 2009 Apr;91(4):919-927 [FREE Full text] [doi:
10.2106/JBJS.H.00286] [Medline: 19339577]

7. George SZ, Goode AP. Physical therapy and opioid use for musculoskeletal pain management: competitors or companions?
Pain Rep 2020;5(5):e827 [FREE Full text] [doi: 10.1097/PR9.0000000000000827] [Medline: 33490834]

8. Chou R, Qaseem A, Owens DK, Shekelle P, Clinical Guidelines Committee of the American College of Physicians.
Diagnostic imaging for low back pain: advice for high-value health care from the American College of Physicians. Ann
Intern Med 2011 Feb 01;154(3):181-189 [FREE Full text] [doi: 10.7326/0003-4819-154-3-201102010-00008] [Medline:
21282698]

9. Modic MT, Obuchowski NA, Ross JS, Brant-Zawadzki MN, Grooff PN, Mazanec DJ, et al. Acute low back pain and
radiculopathy: MR imaging findings and their prognostic role and effect on outcome. Radiology 2005 Nov;237(2):597-604.
[doi: 10.1148/radiol.2372041509] [Medline: 16244269]

10. Paxton BE, Lungren MP, Srinivasan RC, Jung S, Yu M, Eastwood JD, et al. Physician self-referral of lumbar spine MRI
with comparative analysis of negative study rates as a marker of utilization appropriateness. AJR Am J Roentgenol 2012
Jun;198(6):1375-1379. [doi: 10.2214/AJR.11.7730] [Medline: 22623551]

11. Denninger TR, Cook CE, Chapman CG, McHenry T, Thigpen CA. The influence of patient choice of first provider on costs
and outcomes: analysis from a physical therapy patient registry. J Orthop Sports Phys Ther 2018 Feb;48(2):63-71. [doi:
10.2519/jospt.2018.7423] [Medline: 29073842]

12. Horn ME, George SZ, Fritz JM. Influence of initial provider on health care utilization in patients seeking care for neck
pain. Mayo Clin Proc Innov Qual Outcomes 2017 Dec;1(3):226-233 [FREE Full text] [doi: 10.1016/j.mayocpiqo.2017.09.001]
[Medline: 30225421]

13. van de Graaf VA, Noorduyn JC, Willigenburg NW, Butter IK, de Gast A, Mol BW, ESCAPE Research Group. Effect of
early surgery vs physical therapy on knee function among patients with nonobstructive meniscal tears: the ESCAPE
randomized clinical trial. JAMA 2018 Oct 02;320(13):1328-1337 [FREE Full text] [doi: 10.1001/jama.2018.13308]
[Medline: 30285177]

14. Beresford L, Norwood T. Clinically meaningful improvement in pain and function from digital physical therapy. Archives
Physical Med Rehab 2021 Oct;102(10):e87-e88. [doi: 10.1016/j.apmr.2021.07.733]

15. Bini SA, Mahajan J. Clinical outcomes of remote asynchronous telerehabilitation are equivalent to traditional therapy
following total knee arthroplasty: a randomized control study. J Telemed Telecare 2017 Feb;23(2):239-247. [doi:
10.1177/1357633X16634518] [Medline: 26940798]

16. Cottrell MA, Galea OA, O'Leary SP, Hill AJ, Russell TG. Real-time telerehabilitation for the treatment of musculoskeletal
conditions is effective and comparable to standard practice: a systematic review and meta-analysis. Clin Rehabil 2017
May;31(5):625-638. [doi: 10.1177/0269215516645148] [Medline: 27141087]

17. Childs JD, Fritz JM, Wu SS, Flynn TW, Wainner RS, Robertson EK, et al. Implications of early and guideline adherent
physical therapy for low back pain on utilization and costs. BMC Health Serv Res 2015 Apr 09;15:150 [FREE Full text]
[doi: 10.1186/s12913-015-0830-3] [Medline: 25880898]

18. Martin LR, Williams SL, Haskard KB, Dimatteo MR. The challenge of patient adherence. Ther Clin Risk Manag 2005
Sep;1(3):189-199 [FREE Full text] [Medline: 18360559]

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 1 | e31349 | p. 14https://rehab.jmir.org/2022/1/e31349
(page number not for citation purposes)

Beresford & NorwoodJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=rehab_v9i1e31349_app2.pdf&filename=edfa3abe5b3e57765362d0c40ab57d99.pdf
https://jmir.org/api/download?alt_name=rehab_v9i1e31349_app2.pdf&filename=edfa3abe5b3e57765362d0c40ab57d99.pdf
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-6-32
http://dx.doi.org/10.1186/1471-2474-6-32
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15963232&dopt=Abstract
http://dx.doi.org/10.1177/1357633X17700781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28403669&dopt=Abstract
http://dx.doi.org/10.1177/1357633X19854647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31213166&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0178621
http://dx.doi.org/10.1371/journal.pone.0178621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28640822&dopt=Abstract
http://dx.doi.org/10.1002/pds.3776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25906971&dopt=Abstract
http://europepmc.org/abstract/MED/19339577
http://dx.doi.org/10.2106/JBJS.H.00286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19339577&dopt=Abstract
http://europepmc.org/abstract/MED/33490834
http://dx.doi.org/10.1097/PR9.0000000000000827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33490834&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-154-3-201102010-00008?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-154-3-201102010-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21282698&dopt=Abstract
http://dx.doi.org/10.1148/radiol.2372041509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16244269&dopt=Abstract
http://dx.doi.org/10.2214/AJR.11.7730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22623551&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2018.7423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29073842&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-4548(17)30057-7
http://dx.doi.org/10.1016/j.mayocpiqo.2017.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30225421&dopt=Abstract
http://europepmc.org/abstract/MED/30285177
http://dx.doi.org/10.1001/jama.2018.13308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30285177&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2021.07.733
http://dx.doi.org/10.1177/1357633X16634518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26940798&dopt=Abstract
http://dx.doi.org/10.1177/0269215516645148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27141087&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-015-0830-3
http://dx.doi.org/10.1186/s12913-015-0830-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25880898&dopt=Abstract
http://europepmc.org/abstract/MED/18360559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18360559&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Lin I, Wiles L, Waller R, Goucke R, Nagree Y, Gibberd M, et al. What does best practice care for musculoskeletal pain
look like? Eleven consistent recommendations from high-quality clinical practice guidelines: systematic review. Br J Sports
Med 2020 Jan;54(2):79-86. [doi: 10.1136/bjsports-2018-099878] [Medline: 30826805]

20. Sluijs EM, Kok GJ, van der Zee J. Correlates of exercise compliance in physical therapy. Phys Ther 1993 Nov;73(11):771-82;
discussion 783. [doi: 10.1093/ptj/73.11.771] [Medline: 8234458]

21. Fetters L, Tilson J. Evidence Based Physical Therapy. Philadelphia, Pennsylvania, United States: F.A. Davis Company;
2012.

22. Paterno MV, Schmitt LC, Thomas S, Duke N, Russo R, Quatman-Yates CC. Patient and parent perceptions of rehabilitation
factors that influence outcomes after anterior cruciate ligament reconstruction and clearance to return to sport in adolescents
and young adults. J Orthop Sports Phys Ther 2019 Aug;49(8):576-583. [doi: 10.2519/jospt.2019.8608] [Medline: 30759359]

23. Kidd MO, Bond CH, Bell ML. Patients' perspectives of patient-centredness as important in musculoskeletal physiotherapy
interactions: a qualitative study. Physiotherapy 2011 Jun;97(2):154-162. [doi: 10.1016/j.physio.2010.08.002] [Medline:
21497250]

24. Waters S, Edmondston SJ, Yates PJ, Gucciardi DF. Identification of factors influencing patient satisfaction with orthopaedic
outpatient clinic consultation: a qualitative study. Man Ther 2016 Sep;25:48-55. [doi: 10.1016/j.math.2016.05.334] [Medline:
27422597]

25. Dissing AS, Lakon CM, Gerds TA, Rod NH, Lund R. Measuring social integration and tie strength with smartphone and
survey data. PLoS One 2018;13(8):e0200678 [FREE Full text] [doi: 10.1371/journal.pone.0200678] [Medline: 30138354]

26. Granovetter MS. The Strength of Weak Ties. Am J Sociol 1973 May;78(6):1360-1380. [doi: 10.1086/225469]
27. Hush JM, Cameron K, Mackey M. Patient satisfaction with musculoskeletal physical therapy care: a systematic review.

Phys Ther 2011 Jan;91(1):25-36. [doi: 10.2522/ptj.20100061] [Medline: 21071504]
28. Zolnierek KB, Dimatteo MR. Physician communication and patient adherence to treatment: a meta-analysis. Med Care

2009 Aug;47(8):826-834 [FREE Full text] [doi: 10.1097/MLR.0b013e31819a5acc] [Medline: 19584762]
29. Argent R, Daly A, Caulfield B. Patient involvement with home-based exercise programs: can connected health interventions

influence adherence? JMIR Mhealth Uhealth 2018 Mar 01;6(3):e47 [FREE Full text] [doi: 10.2196/mhealth.8518] [Medline:
29496655]

30. Horn ME, Fritz JM. Timing of physical therapy consultation on 1-year healthcare utilization and costs in patients seeking
care for neck pain: a retrospective cohort. BMC Health Serv Res 2018 Nov 26;18(1):887 [FREE Full text] [doi:
10.1186/s12913-018-3699-0] [Medline: 30477480]

31. Sun E, Moshfegh J, Rishel CA, Cook CE, Goode AP, George SZ. Association of early physical therapy with long-term
opioid use among opioid-naive patients with musculoskeletal pain. JAMA Netw Open 2018 Dec 07;1(8):e185909 [FREE
Full text] [doi: 10.1001/jamanetworkopen.2018.5909] [Medline: 30646297]

32. Ojha HA, Wyrsta NJ, Davenport TE, Egan WE, Gellhorn AC. Timing of physical therapy initiation for nonsurgical
management of musculoskeletal disorders and effects on patient outcomes: a systematic review. J Orthop Sports Phys Ther
2016 Feb;46(2):56-70. [doi: 10.2519/jospt.2016.6138] [Medline: 26755406]

33. Collado-Mateo D, Lavín-Pérez AM, Peñacoba C, Del Coso J, Leyton-Román M, Luque-Casado A, et al. Key factors
associated with adherence to physical exercise in patients with chronic diseases and older adults: an umbrella review. Int
J Environ Res Public Health 2021 Feb 19;18(4):2023 [FREE Full text] [doi: 10.3390/ijerph18042023] [Medline: 33669679]

34. Brooks JM, Costigan K, Wu J, Chen X, Bengtson K, Chan F, et al. Motivation and readiness for physical activity and
exercise behaviour among people with chronic musculoskeletal pain: a brief report. Aus J Rehab Counselling 2018 Jul
30;24(1):27-34. [doi: 10.1017/jrc.2018.1]

35. Physera. URL: https://physera.com/ [accessed 2022-01-18]
36. Abbott JH, Schmitt J. Minimum important differences for the patient-specific functional scale, 4 region-specific outcome

measures, and the numeric pain rating scale. J Orthop Sports Phys Ther 2014 Aug;44(8):560-564. [doi:
10.2519/jospt.2014.5248] [Medline: 24828475]

37. George SZ, Beneciuk JM, Lentz TA, Wu SS, Dai Y, Bialosky JE, et al. Optimal Screening for Prediction of Referral and
Outcome (OSPRO) for Musculoskeletal pain conditions: results from the validation cohort. J Orthop Sports Phys Ther
2018 Jun;48(6):460-475 [FREE Full text] [doi: 10.2519/jospt.2018.7811] [Medline: 29629615]

38. Estrada E, Ferrer E, Pardo A. Statistics for evaluating pre-post change: relation between change in the distribution center
and change in the individual scores. Front Psychol 2018;9:2696 [FREE Full text] [doi: 10.3389/fpsyg.2018.02696] [Medline:
30671008]

39. Delgado DA, Lambert BS, Boutris N, McCulloch PC, Robbins AB, Moreno MR, et al. Validation of digital visual analog
scale pain scoring with a traditional paper-based visual analog scale in adults. J Am Acad Orthop Surg Glob Res Rev 2018
Mar;2(3):e088 [FREE Full text] [doi: 10.5435/JAAOSGlobal-D-17-00088] [Medline: 30211382]

40. Eckenrode BJ, Kietrys DM, Parrott JS. Effectiveness of manual therapy for pain and self-reported function in individuals
with patellofemoral pain: systematic review and meta-analysis. J Orthop Sports Phys Ther 2018 May;48(5):358-371. [doi:
10.2519/jospt.2018.7243] [Medline: 29308698]

41. Bain & Company. Measuring Your Net Promoter Score. Net Promoter System. URL: https://www.netpromotersystem.com/
about/measuring-your-net-promoter-score [accessed 2021-06-16]

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 1 | e31349 | p. 15https://rehab.jmir.org/2022/1/e31349
(page number not for citation purposes)

Beresford & NorwoodJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://dx.doi.org/10.1136/bjsports-2018-099878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826805&dopt=Abstract
http://dx.doi.org/10.1093/ptj/73.11.771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8234458&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2019.8608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30759359&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2010.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21497250&dopt=Abstract
http://dx.doi.org/10.1016/j.math.2016.05.334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27422597&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0200678
http://dx.doi.org/10.1371/journal.pone.0200678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30138354&dopt=Abstract
http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.2522/ptj.20100061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21071504&dopt=Abstract
http://europepmc.org/abstract/MED/19584762
http://dx.doi.org/10.1097/MLR.0b013e31819a5acc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19584762&dopt=Abstract
https://mhealth.jmir.org/2018/3/e47/
http://dx.doi.org/10.2196/mhealth.8518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29496655&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3699-0
http://dx.doi.org/10.1186/s12913-018-3699-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30477480&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2018.5909
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2018.5909
http://dx.doi.org/10.1001/jamanetworkopen.2018.5909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30646297&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2016.6138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26755406&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18042023
http://dx.doi.org/10.3390/ijerph18042023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33669679&dopt=Abstract
http://dx.doi.org/10.1017/jrc.2018.1
https://physera.com/
http://dx.doi.org/10.2519/jospt.2014.5248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24828475&dopt=Abstract
http://europepmc.org/abstract/MED/29629615
http://dx.doi.org/10.2519/jospt.2018.7811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29629615&dopt=Abstract
https://doi.org/10.3389/fpsyg.2018.02696
http://dx.doi.org/10.3389/fpsyg.2018.02696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30671008&dopt=Abstract
http://europepmc.org/abstract/MED/30211382
http://dx.doi.org/10.5435/JAAOSGlobal-D-17-00088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30211382&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2018.7243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29308698&dopt=Abstract
https://www.netpromotersystem.com/about/measuring-your-net-promoter-score
https://www.netpromotersystem.com/about/measuring-your-net-promoter-score
http://www.w3.org/Style/XSL
http://www.renderx.com/


42. Meyer R, Spittel S, Steinfurth L, Funke A, Kettemann D, Münch C, et al. Patient-reported outcome of physical therapy in
amyotrophic lateral sclerosis: observational online study. JMIR Rehabil Assist Technol 2018 Nov 12;5(2):e10099 [FREE
Full text] [doi: 10.2196/10099] [Medline: 30425026]

43. Boonstra AM, Schiphorst Preuper HR, Balk GA, Stewart RE. Cut-off points for mild, moderate, and severe pain on the
visual analogue scale for pain in patients with chronic musculoskeletal pain. Pain 2014 Dec;155(12):2545-2550. [doi:
10.1016/j.pain.2014.09.014] [Medline: 25239073]

44. Horn ME, George SZ, Li C, Luo S, Lentz TA. Derivation of a risk assessment tool for prediction of long-term pain intensity
reduction after physical therapy. J Pain Res 2021;14:1515-1524 [FREE Full text] [doi: 10.2147/JPR.S305973] [Medline:
34093037]

45. Zeppieri G, Bialosky J, George SZ. Importance of outcome domain for patients with musculoskeletal pain: characterizing
subgroups and their response to treatment. Phys Ther 2020 May 18;100(5):829-845 [FREE Full text] [doi:
10.1093/ptj/pzaa009] [Medline: 31944245]

46. Palmer KT, Goodson N. Ageing, musculoskeletal health and work. Best Pract Res Clin Rheumatol 2015 Jun;29(3):391-404
[FREE Full text] [doi: 10.1016/j.berh.2015.03.004] [Medline: 26612237]

47. Suso-Martí L, La Touche R, Herranz-Gómez A, Angulo-Díaz-Parreño S, Paris-Alemany A, Cuenca-Martínez F. Effectiveness
of telerehabilitation in physical therapist practice: an umbrella and mapping review with meta-meta-analysis. Phys Ther
2021 May 04;101(5):pzab075 [FREE Full text] [doi: 10.1093/ptj/pzab075] [Medline: 33611598]

48. Childs JD, Harman JS, Rodeghero JR, Horn M, George SZ. Implications of practice setting on clinical outcomes and
efficiency of care in the delivery of physical therapy services. J Orthop Sports Phys Ther 2014 Dec;44(12):955-963. [doi:
10.2519/jospt.2014.5224] [Medline: 25350133]

49. Andersen LL, Saervoll CA, Mortensen OS, Poulsen OM, Hannerz H, Zebis MK. Effectiveness of small daily amounts of
progressive resistance training for frequent neck/shoulder pain: randomised controlled trial. Pain 2011 Feb;152(2):440-446.
[doi: 10.1016/j.pain.2010.11.016] [Medline: 21177034]

50. Wu B, Zhou L, Chen C, Wang J, Hu L, Wang X. Effects of exercise-induced hypoalgesia and its neural mechanisms. Med
Sci Sports Exerc 2022 Feb 01;54(2):220-231. [doi: 10.1249/MSS.0000000000002781] [Medline: 34468414]

51. MacDowell M, Glasser M, Fitts M, Nielsen K, Hunsaker M. A national view of rural health workforce issues in the USA.
Rural Remote Health 2010;10(3):1531 [FREE Full text] [Medline: 20658893]

52. Merl D. It wouldn’t take much to close the physical therapy access gap. Medium. URL: https://medium.com/@danmerl/
it-wouldnt-take-much-to-close-the-physical-therapy-access-gap-7a81bb885072

53. Shawcross P, Lyons M, Filingeri V. The relationship between readiness to change pain-related exercise participation and
perceived work ability: a cross-sectional study of factory workers. BMC Musculoskelet Disord 2021 Sep 06;22(1):762
[FREE Full text] [doi: 10.1186/s12891-021-04642-6] [Medline: 34488707]

54. Hon S, Ritter R, Allen DD. Cost-effectiveness and outcomes of direct access to physical therapy for musculoskeletal
disorders compared to physician-first access in the United States: systematic review and meta-analysis. Phys Ther 2021
Jan 04;101(1):pzaa201. [doi: 10.1093/ptj/pzaa201] [Medline: 33245117]

55. Tenforde AS, Iaccarino MA, Borgstrom H, Hefner JE, Silver J, Ahmed M, et al. Telemedicine during COVID-19 for
outpatient sports and musculoskeletal medicine physicians. PM R 2020 Sep;12(9):926-932 [FREE Full text] [doi:
10.1002/pmrj.12422] [Medline: 32424977]

Abbreviations
GLM: generalized linear model
GROC: Global Rate of Change
MCID: minimal clinically important difference
NPS: Net Promoter Score
OSPRO-ROS: Optimal Screening for Prediction of Referral and Outcome-Review of Systems
PSFS: Patient Specific Functional Scale
VAS: Visual Analogue Scale

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 1 | e31349 | p. 16https://rehab.jmir.org/2022/1/e31349
(page number not for citation purposes)

Beresford & NorwoodJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://rehab.jmir.org/2018/2/e10099/
https://rehab.jmir.org/2018/2/e10099/
http://dx.doi.org/10.2196/10099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30425026&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2014.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25239073&dopt=Abstract
https://dx.doi.org/10.2147/JPR.S305973
http://dx.doi.org/10.2147/JPR.S305973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34093037&dopt=Abstract
http://europepmc.org/abstract/MED/31944245
http://dx.doi.org/10.1093/ptj/pzaa009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31944245&dopt=Abstract
http://europepmc.org/abstract/MED/26612237
http://dx.doi.org/10.1016/j.berh.2015.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26612237&dopt=Abstract
http://europepmc.org/abstract/MED/33611598
http://dx.doi.org/10.1093/ptj/pzab075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33611598&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2014.5224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25350133&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2010.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21177034&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000002781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34468414&dopt=Abstract
https://www.rrh.org.au/articles/subviewnew.asp?ArticleID=1531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20658893&dopt=Abstract
https://medium.com/@danmerl/it-wouldnt-take-much-to-close-the-physical-therapy-access-gap-7a81bb885072
https://medium.com/@danmerl/it-wouldnt-take-much-to-close-the-physical-therapy-access-gap-7a81bb885072
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-021-04642-6
http://dx.doi.org/10.1186/s12891-021-04642-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34488707&dopt=Abstract
http://dx.doi.org/10.1093/ptj/pzaa201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33245117&dopt=Abstract
http://europepmc.org/abstract/MED/32424977
http://dx.doi.org/10.1002/pmrj.12422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32424977&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 18.06.21; peer-reviewed by M Cottrell, E Sadeghi-Demneh, D Matte; comments to author 01.10.21;
revised version received 23.11.21; accepted 23.12.21; published 02.02.22

Please cite as:
Beresford L, Norwood T
The Effect of Mobile Care Delivery on Clinically Meaningful Outcomes, Satisfaction, and Engagement Among Physical Therapy
Patients: Observational Retrospective Study
JMIR Rehabil Assist Technol 2022;9(1):e31349
URL: https://rehab.jmir.org/2022/1/e31349
doi: 10.2196/31349
PMID:

©Lauren Beresford, Todd Norwood. Originally published in JMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org),
02.02.2022. 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 Rehabilitation and Assistive Technology, is properly cited. The complete
bibliographic information, a link to the original publication on https://rehab.jmir.org/, as well as this copyright and license
information must be included.

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 1 | e31349 | p. 17https://rehab.jmir.org/2022/1/e31349
(page number not for citation purposes)

Beresford & NorwoodJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://rehab.jmir.org/2022/1/e31349
http://dx.doi.org/10.2196/31349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

