Compliance with remotely monitored physical
therapy is higher in the older age group and for
treatment of the upper extremity

Kanwar Parhar !, Yousef Shishani 2, Abigail Berns ?, Reuben Gobezie ?, Patrick Denard ° (*)

(*) Corresponding author: pjdenard@gmail.com

1. Elson S. Floyd College of Medicine, Department of Orthopedics, Spokane, WA, USA
2. Cleveland Shoulder Institute, Department of Orthopedics, Westlake, OH, USA

3. Oregon Shoulder Institute, Department of Orthopedics, Medford, OR, USA

Background: Remotely monitored physical therapy (RMPT) has emerged as an efficacious and cost-effective alternative to
in-office physical therapy. These platforms enable real-time progress tracking, adjustments to patient care plans, and
provide feedback to motivate patients to improve their health status. However, little data is available with regards to
compliance which may vary based on age given the technology required for use.

Purpose: To evaluate compliance with RMPT in different age groups across different body regions. Our hypothesis was
that elderly patients would demonstrate similar compliance to younger patients with an RMPT program.

Methods: A consecutive series of patients that underwent RMPT from Jan. 2022 to Jan. 2024 at 8 institutions were
selected for the study. Compliance was stratified as low (<33% completion of exercises), moderate (33-66% completion of
exercises), or high (>66% completion of exercises). Data collected included demographic data, body region (upper
extremity, lower extremity, or spine), compliance and duration of RMPT.

Results: A total of 2019 patients with an average age of 61.7 + 12.9 years and rehabilitation duration of 23.7 + 5.8 weeks
were included in this analysis. Among these, 1735 (85.9%) underwent RMPT for the upper extremity, 244 (12.1%) lower
extremity condition, and 40 (2%) for a spine condition. Compliance increased with advancing age (p < 0.007). High
compliance was seen in 23.7% of the upper extremity cohort, compared to 15.6% in the lower extremity cohort and 7.5% in
the spine cohort (p = 0.002). Overall, compliance rates were moderate or high in 66% of patients.

Conclusion: Despite requiring familiarity with technology, older patients demonstrate improved compliance with RMPT
compared to younger patients. Compliance also appears to vary by body region with the highest compliance seen for the
upper extremity and lowest compliance seen for the spine.

What this study adds: This study demonstrates that older adults exhibit higher compliance rates than younger individuals.
Clinically, this study supports the integration of RMPT into routine physical therapy practice, particularly for older patients
and those with upper extremity conditions.

Potential impacts on research, practice, or policy: This study highlights the potential for RMPT to enhance compliance
among older adults, challenging traditional assumptions about technology adoption in this demographic. These findings
may inform healthcare policies aimed at improving patient engagement and accessibility in older adults.

Study Design: Retrospective Case Series

Level of Evidence: Level 4
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helps manage osteoarthritis but also positively impacts the
progression of various chronic diseases [2][3]. Once
conservative treatment fails to treat pain, surgical
intervention may be required and post-operative PT is critical

to success and a differentiating factor in patient recovery [4].

Introduction

Physical therapy (PT) plays a major role in the outcomes of
orthopedic care [1]. Among patients with chronic
musculoskeletal conditions, regular PT is instrumental in

preserving physical function and alleviating symptoms of
pain. Consistent physical activity facilitated by PT not only
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With this important role, the demand for PT in orthopedic
care has been said to only increase. Studies have shown
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upwards of 3 million annual Vvisits for chronic
musculoskeletal pain in young adults alone, with numbers
rising with increased age [5]. Similarly, the number of same-
day orthopedic surgeries has doubled in recent years, and it
has been estimated that by 2030, the demand for joint
arthroplasty’s will increase by up to 673% [6][7]. The increase
in same day surgeries, has also shifted immediate
postoperative PT from the hospital to the home or in-office.
One significant and persistent challenge in the field is the
limited availability of PT services, which is partly due to a
shortage of qualified professionals. Research indicates that
the current number of therapists is insufficient, falling short
of patient demand by approximately 10% to 20%. This
workforce deficiency presents a substantial barrier to
healthcare systems striving to improve the delivery of care
provided by physical therapists [8].

Despite its importance, patient compliance with PT can be
variable and multifactorial. Financial limitations due to health
insurance reimbursements, lack of access to providers and
facilities, transportation costs and long waiting lists all
contribute [9][10]. Moreover, most PT facilities provide
services only during business hours leading to missed work
days and further increasing patient out of costs.

To combat these challenges, remotely monitored physical
therapy (RMPT) has been developed and tested over the last
few years. RMPT enables real-time progress tracking,
adjustments to patient care plans, and feedback to motivate
patients to improve their health status. Most importantly, it
has emerged as an efficacious and cost-effective alternative
to in-office PT [11][12][13][14]. Moreover, RMPT may enhance
compliance in patients who have difficulty in attending in-
office visits due to distance, disability, or work constraints.
Lastly, it has shown to reduce hospital associated costs,
length of stay and rehospitalization [15].

While compliance with traditional in-person PT has been
studied, little data is available regarding compliance with
RMPT. The purpose of this study was to evaluate compliance
with RMPT in different age groups across different body
regions. We hypothesized that elderly patients would
demonstrate similar compliance to younger patients with an
RMPT program and that compliance would be similar across
different body regions.

Methods

Study patients

A retrospective review was performed on a consecutive
series of patients that were prescribed RMPT as part of their
care plan from January 2022 to January 2024 across 8
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different institutions. To mitigate the risk of selection bias, we
included all qualified participants who enrolled in RMPT
during this timeframe.

The inclusion criteria were a surgical and non-surgical
orthopedic condition requiring PT, >18 years old, and use of
the RMPT application on a smart device with an active email
address.

The exclusion criteria were in-office PT treatment and non-
orthopedic conditions.

Compliance with PT exercises was stratified into three
different groups. (1) low (<33% completion of exercises) (2)
moderate (33-66% completion of exercises) (3) high (>66%
completion of exercises). Patients were categorized into
three body region groups: upper extremity (total and reverse
shoulder arthroplasty, shoulder arthroscopy, rotator cuff
repair, biceps tenodesis, and labral repair), lower extremity
(total knee arthroplasty, knee arthroscopy, and total hip
arthroplasty), and spine (post-laminectomy syndrome and
degenerative lumbar conditions).

RMPT Application

Patients were offered RMPT via their smart devices
regardless of age and were provided a weekly plan with daily
exercises until discharge from PT. The Genie Health RMPT
app was used by all patients in this study. The app consists
of both a patient facing instance (mobile app), that is
available on both i0OS and Android devices, as well as a
provider portal (web portal), that is accessible via a desktop
computer. The patient app enables the users to see their
prescribed exercises daily, communicate with their care team,
and conduct telehealth calls on regular basis. Once
downloaded, the app will monitor and track the patient rehab
exercises via the front-facing camera of the smart device,
utilizing marker-less motion capture technology. The data
generated by the users gets securely pushed to the provider
portal, which ultimately enables the care team to check on
the rehab progress, modify the plan of care and promptly
communicate with the users. The application does not
require the use of any additional hardware and can be used
on many smart devices that have access to Wi-Fi.

Data and Outcomes

Baseline data collection included patient age, gender and
BMI. To measure the outcomes of the study, data collection
for each patient included the body region for which RMPT
was prescribed (upper extremity, lower extremity, or spine),
number of prescribed exercises, number of completed
exercises, duration of RMPT, and visual analog scale (VAS)
for pain at the initiation and completion of each session.
Patient compliance was calculated by dividing the number of
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exercises completed and number of exercises prescribed.
Compliance data was automatically recorded by the RMPT
application, which tracked patient engagement in real time.
Each session required the user to initiate the exercise,
complete the prescribed movements, and log pain levels
before and after. The app continuously monitored completed
and missed exercises, allowing for the generation of weekly
and monthly compliance The automated data
collection allowed us to avoid self-reporting minimizing
biases. Patients consented for their data to be collected prior
to using the Genie Health application. The data collection

rates.

was automatically de-identified through the app and stored in
a secure database. The data collection done was not for any
specific project as well. These parameters gave us exemption
from IRB approval in accordance with the NIH decision tool.

Statistical Analysis

Descriptive  statistics were performed on patient
demographics. Comparison of the categorical variables
(gender, age groups and body regions) were performed using
Chi-square tests. The data was recorded as mean + standard
deviation for all continuous variables. All statistical analyses
were performed using SPSS, version 27 (IBM, Armonk, NY,
USA). P < 0.05 was -considered significant for all
comparisons.

Results

A total of 2019 patients were included in this study.
Participants had an average age of 61.7 + 12.9 years and
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underwent an average rehabilitation duration of 23.7 + 5.8
weeks (Table 1). From the 2019 patients, 1109 (54.9%) were
males and 910 (45.1%) were females. No statistically
significant difference was seen based on gender among all
three compliance groups (p=0.446) (Table 2).

There was a statistically significant difference in compliance
between different age groups (p < 0.007). Patients <50 years
had the highest proportion of patients with low compliance,
and this decreased as age advanced (50.2% in <50 to 26.4%
in >70). Conversely, patients demonstrating moderate and
high compliance increased as patients got older (39.4% in
<5010 44.9% in >70 & 10.5% in <50 t0 28.7% in >70) (Table 3).

From the 2019 patients, 1735 (85.9%) underwent RMPT for
the upper extremity PT, 244 (12.1%) underwent treatment for
a lower extremity condition, and 40 (2%) underwent
treatment for spine condition. Chi-square analysis among the
different body regions showed a statistically significant
difference between compliance rates (p = 0.002). Upper
extremity rehabilitation had the most patients with high
compliance (23.7%) and spine with the least (7.5%). As for
low compliance, the lower extremity demonstrated the most
patients within this group (41.4%), while the upper extremity
demonstrated the least (32.9%) (Table 4).

When combining all body regions, the study demonstrated an
overall exercise compliance of 46.4% + 23.0, and a mean
compliance of 21.5%* 6.2, 48.9% + 9.8 and 79.5% + 8.6% for
each compliance group (Table 5).
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Table 1: Patient demographics

Patient demographics

Number of patients 2019

Age 61.7+129
<50 325(16.1%)
50-60 485 (24.0%)
61-70 686 (34.0%)
>70 523 (25.9%)
Gender

Male 910 (45.1%)
Female 1109 (54.9%)
Body Region

Upper Extremity 1735 (85.9%)
Lower Extremity 244 (12.1%)
Spine 40 (2.0%)
Follow up duration 23.7 + 5.8 weeks

Table 2: Gender and Compliance

Gender Total N (%) Exercise Compliance P-value
Low Compliance Moderate Compliance | High Compliance
(<33%) (33-66%) (>66%)
Females 910 (45.1%) 320 (35.2%) 194 (21.3%) 396 (43.5%)
Males 1109 (54.9%) 366 (33.0%) 259 (23.4%) 484 (43.6%) 0.446
Total (%) 2019 686 (34.0%) 453 (22.4%) 880 (43.6%)
Table 3: Age groups in relation to compliance
Age Groups Total N (%) Exercise Compliance P-value
! Moderate ' .
Low Compliance ‘ High Compliance
(<33%) gg;n)phanoe (33- (>66%)
<50 325(16.1%) 163 (50.2%) 128 (39.4%) 34 (10.5%)
50-60 485 (24.0%) 196 (40.4%) 190 (39.2%) 99 (20.4%)
61-70 686 (34.0%) 189 (27.6%) 327 (47.7%) 170 (24.8%) <0.001
>70 523 (25.9%) 138 (26.4%) 235 (44.9%) 150 (28.7%)
Total (%) 2019 686 (34.0%) 880 (43.6%) 453 (22.4%)
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Table 4: Body region in relation to compliance:

Body Region Total N (%) Exercise Compliance P-value
: Moderate ' )
(L<o3Véo/Co)ompl|ance ggg/lﬂ)pliance (33- (H>|82%C)ompllance
Upper Extremity 1735 (85.9%) 571 (32.9%) 752 (43.3%) 412 (23.7%)
Spine 40 (2.0%) 14 (35.0%) 23 (57.5%) 3(7.5%)
Lower Extremity 244 (12.1%) 107 (41.4%) 105 (43.0%) 38 (15.6%) no2
Total (%) 2019 686 (34.0%) 880 (43.6%) 453 (22.4%)
Table 5: Overall compliance

Mean Min. Max.
Overall Exercise Compliance 46.4% +23.0% 8.7% 100%
25th Percentile 26.3%
50th Percentile 44.6%
75th Percentile 64.3%
Compliance by groups Mean Min. Max.
Low Compliance <33% 21.5% 6.2% 8.7% 32.4%
Moderate Compliance 33-66% 48.9% +9.8% 32.5% 66.5%
High Compliance >66% 79.5% + 8.6% 66.6% 100.0%

Discussion

The most important finding of the current study was that
there is overall high compliance with RMPT is seen among
older adults and compliance actually increases as age
advances. Additionally, compliance with RMPT varies
significantly by the body region being treated, with the
highest compliance being in upper extremity rehabilitation.
These findings provide valuable insights into the utilization of
RMPT across different demographics and anatomical
focuses.

Elderly patients often face barriers such as high healthcare
costs and the physical challenges associated with frequent
travel to medical facilities [16]. The increasing acceptance
and utilization of RMPT among older age groups defies
conventional assumptions about technology adoption in the
elderly. This difficulty in adoption has been seen in previous
studies that focused on implementing remote monitoring
into patient care. In a 2019 study Correia et al. used digital
rehabilitation for the post-operative management of TKA, and
reported a higher dropout rate among elderly participants,
with seven out of thirty patients discontinuing within the first
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week and 60% of the remaining patients requiring caregiver
assistance, highlighting the challenges faced by this
demographic in adopting digital health solutions [17]. In a
study of RMPT after total joint arthroplasty DeFrance et al.
indicated that individuals aged 60-69 were four times more
likely to use remote monitoring devices post-operatively
compared to those aged 80+, suggesting decreased
acceptance levels as age advances [18]. Interestingly, the
RMPT in both of these studies required some form of a
physical bio tracker on the body. The mobile application used
in our study removes this barrier by leveraging the precise
tracking abilities of artificial intelligence, creating a more
user-friendly version for the elderly. It is possible that this
technology simplified the adoption for older patients in the
current study. It is also notable that our series began in 2022
and is post-COVID which substantially increased the
familiarity with remote services. Another factor influencing
compliance is real-time monitoring by the healthcare team.
The RMPT provider dashboard enables staff to identify
missed sessions and reach out to patients, likely improving
adherence. While this study did not specifically measure the
impact of direct outreach, the ability of rehab specialists to
intervene in real time may contribute to higher compliance
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rates. We believe this data suggests that RMPT has the
potential to enable patients to receive effective PT from the
comfort of their homes, thus reducing both financial and
logistical burdens.

The importance of compliance and consistency with a
rehabilitation program is a well-documented predictor of
outcomes in orthopedics [19][20]. As for RMPT, previous work
has focused on establishing the effectiveness of RMPT when
compared to traditional in-office rehabilitation. However, to
our knowledge, this study is the first to attempt to
understand compliance with RMPT across multiple body
regions. We observed an overall 2-year compliance of 46.4%
+ 23.0, with the upper extremity rehabilitation demonstrating
the most patients with high compliance (23.7%). Overall,
compliance rates were moderate or high in 66% of patients.
Previous literature has shown mixed results when assessing
patient compliance with RMPT. Wither et al. assessed the
effectiveness of RMPT for various MSK conditions and noted
an overall poor compliance, with only 50% of participants
practicing two or more exercises on 3 days in week 1 and to
1 day in week 2 [21]. On the other hand, Nuevo et al. reported
higher compliance with RMPT (85.99 + 19.48%) compared to
in-office therapy (59.78 +29.78%) [22]. We believe that the
compliance seen in this study is a reflection of the ability to
continuously monitor, provide real-time feedback, make
continuous adjustments and directly communicate with the
patient. All these being reported as key factor for patient
compliance [8][9][10]. As for the variability in compliance seen
towards different body regions, we suspect early weight
bearing protocols and a higher physiological demand in lower
extremity rehabilitation may play a significant role.

The measurement of compliance towards unsupervised
rehabilitation has always remained a challenge [23]. Previous
literature on unsupervised PT programs have reported
varying compliance rates ranging from 35%-97%, all which
relied on self-reported data [24][25][26]. These studies often
suffer from recall bias and overestimations, leading to
inaccurate compliance rates. RMPT opens the capability of
obtaining objective compliance data, providing an accurate
representation of the true compliance. Allowing physicians to
understand the variability in their patient outcomes and make
accurate changes to their care accordingly.

This study does not come without its limitation. First, the
reliance on data collection via the Genie Health app
introduces the variable of adherence to the app itself,
potentially impacting the accuracy of compliance
measurements. Second, while our study population included
a substantial number of patients, the distribution of patients
across different body regions was uneven, particularly for
spine conditions, which had a relatively small sample size.
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Third, the study lacked information on outcomes of
compliance. Future studies will focus on having a more
balanced population, understanding the reduction in pain
over time for different body regions and the geographical
locations of patients benefiting from RMPT. Lastly, another
limitation is the lack of data on socio-economic factors,
which may influence compliance. Patients with limited
access to smart devices, lower digital literacy, or financial
constraints might have different compliance rates compared
to those with higher socio-economic status. Future studies
will use the area deprivation index as a metric for socio-
economic determinants to understand its role in RMPT
compliance.

Conclusion

Despite requiring familiarity with technology, older patients
demonstrate improved compliance with RMPT compared to
younger patients. Compliance also appears to vary by body
region with the highest compliance seen for the upper
extremity and lowest compliance seen for the spine. These
findings suggest that RMPT is a promising option for patients
to perform physical therapy from home, regardless of age.
Further work may be needed to improve compliance based
on body region.
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