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Background: Knee osteoarthritis (OA) is a chronic debilitating condition that is estimated to affect
approximately 12% of the current adult population in the United States, and is associated with severe pain
and disability. Among these patients, quadriceps muscle atrophy and concomitant weakness are frequent
findings that contribute significantly to the burden of this disease. One emerging method of quadriceps
muscle strengthening and rehabilitation in knee OA patients is the use of neuromuscular electrical
stimulation therapy (NMES). Among the currently available systems for NMES therapy are the mobile
health (mHealth) platforms allowing clinicians to monitor patient compliance and utilization trends in
addition to capturing certain clinical outcome points. The aim of this study was to analyze data collected by
a commercially available mobile-app controlled NMES platform and to examine: (I) utilization trends, (II)
range-of-motion (ROM) changes, (II) pain scores, and (IV) patient reported outcome scores in patients who
used this device as part of management of their knee OA.

Methods: We retrospectively reviewed patients who received mobile-app controlled NMES therapy for
knee OA who were enrolled in this multi-center study between April 2017 and July 2018 in a cloud-based
provider online portal system. A total of 41 patients met all our inclusion and exclusion criteria and were
included in our final analysis. For each patient, the total number of NMES sessions, the duration of NMES
therapy, visual analogue pain scores, ROM, and the Knee injury Osteoarthritis Outcome Score (KOOS, JR)
were collected and analyzed. Patient’s utilization trends were reported through analyzing NMES sessions
and therapy durations. Descriptive statistics were utilized to analyze all relevant values.

Results: Across all patients, NMES therapy was utilized for an average of 3.5 months (range, 2 weeks to
10 months). On average, 90 sessions (range, 6 to 487) of therapy were received by patients for an average
of 1,819 minutes (range, 120 to 9,740 minutes). Overall, patients achieved a mean ROM of 99°+4.3° at final
follow-up. Pain scores reduced from a mean of 5 points prior to device use (range, 1 to 8 points) to 2.5
points after use (range, 0 to 6 points) (P<0.001). Evaluation of KOOS questionnaires available for 17 patients
showed incremental improvement from 52.46 points when therapy was started, to 63 points at 6 months
following NMES therapy. No complications or adverse events were reported from any of the participants.
Conclusions: Although NMES therapy has been reported on by multiple authors, including in knee
OA, there are limited have been no studies that have reported on the compliance, feasibility, and patient
outcomes of using a mobile-app controlled NMES therapy devices in the setting of knee OA. Furthermore,
the incorporation of cloud-based provider online platform may offer an additional advantage by allowing
clinicians to monitor the progress and compliance of their patients in real-time. Therefore, patients who

are making sub-optimal progress may benefit from an early intervention to modify their therapy protocol to
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Introduction

Knee osteoarthritis (OA) is a chronic debilitating condition
that is estimated to affect approximately 12% of the current
adult population in the United States (US) and is associated
with severe pain and disability (1-3). It is estimated that
650,000 650,000 total knee arthroplasties (T KAs) are
performed annually in the US at a cost exceeding $11 billion,
are largely due to this condition (4). Among OA patients,
quadriceps muscle atrophy and concomitant weakness are
frequent findings that contribute significantly to the burden
of this disease (5-7). Multiple studies have demonstrated a
correlation between weakness of the quadriceps muscle and
increased pain, decreased knee function, and increased overall
disability (6,7). Studies have also suggested worse outcomes
in these patients, even after knee arthroplasty is performed,
if their quadriceps weakness has not been addressed (8).
Therefore, more attention has been recently directed towards
aggressive quadriceps rehabilitation in patients with knee OA,
as strengthening this muscle is associated with better function,
outcomes, and quality of life.

One emerging method of quadriceps muscle
strengthening and rehabilitation in knee OA patients is
the use of neuromuscular electrical stimulation therapy
(NMES) (9-11). This therapy entails the use of low-level
electrical impulses that cause involuntary contractions in
the targeted muscles through stimulating surface electrodes
directly applied to the desired muscle group. Several studies
have demonstrated promising results with its use leading to
improvement in pain, muscle strength, exercise tolerance,
and quality of life in patients with knee OA as well as those
undergoing TKA (9-14). Therefore, it has been proven to
be successfully incorporated into multiple rehabilitation
scenarios for patients requiring non-operative and operative
management of their knee OA.

Among the currently available systems for NMES
therapy are the mobile health (mHealth) platforms
allowing clinicians to monitor patient compliance and
utilization trends in addition to capturing certain clinical
outcome points (9). The use of wearable mobile devices
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and biosensors to gather and store large amounts of health-
related data has been rapidly accelerating. This data holds
potential to allow us to understand patient’s behavior using
home-based therapies and to answer questions related to
the outcomes. With the development of sophisticated, new
analytical capabilities, we are better able to analyze these data
and apply the results of our analyses to understand disease
progression. The aim of this study was to analyze the real-
world data collected by a commercially available mobile-app
controlled NMES platform and to examine: (I) utilization
trends, (II) ROM changes, (II) pain scores, and (IV) patient
reported outcome scores in patients who used this device as
part of management of their knee OA.

Methods
Study sample

A de-identified data set was obtained for the retrospective
review of patients who received mobile-app controlled
NMES devices for knee OA between April 2017 and
July 2018. This inclusion criteria were as follows: (I)
patients were age 18 years or older, (II) patients had
Kellgren and Lawrence grade II OA or higher, and
(IIT) patients who had completed at least one session of
daily NMES therapy (20 minutes). Patients who were
active drug abusers, had inflammatory arthropathies, or
prematurely stopped using their device were excluded.
Additionally, patients who underwent NMES therapy
without specific parameters were also excluded. A total of
41 patients met all our inclusion and exclusion criteria and
were included in our final analysis.

NMES device

The CyMedica e-vive™ (CyMedica Orthopedics, Inc.
Scottsdale, Arizona), a closed-loop NMES device that can
be integrated to a knee garment, was used in this study.
Three large electrodes are garment-incorporated and
overlay the quadriceps muscle group (vastus medialis and
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Figure 1 Improvement in the Knee injury Osteoarthritis Outcome Score (KOOS, JR) in the cohort.

rectus femoris). A controller transmitter pairs the garment
through wireless technology to the patient’s mobile device.
A user-friendly mobile device application (The CyMedica
e-vive app; available to be downloaded from Apple/iOS:
App Store and Android: Google Play Store) operates over
the patient’s mobile device and monitors activity progress,
records patient generated data, and collects range-of-
motion (ROM) values through two accelerometers also
incorporated into the knee garment (above and below
the knee joint). This mobile application in-turn sends
performance data through a secure connection to a cloud-
based provider online portal system (CyMedica Provider
Portal, CyMedica Orthopedics, Inc. Scottsdale, Arizona)
allowing providers access through a standard web browser
to monitor patient performance and progress. Patients
were recommended to perform the NMES therapy one to
two times a day for 5 days a week. Each NMES session is
20 minutes in length. Patients are recommended to apply
the therapy for as long as needed to sustain the improved
outcomes (reduced pain and improved knee function).

Data collection, analysis, and study endpoints

For each patient, the number of NMES sessions, the
duration of NMES therapy, visual analogue pain scores,
ROM, and the Knee injury Osteoarthritis Outcome
Score (KOOS, JR) were collected and analyzed. Patient’s
utilization trends were reported through analyzing
NMES sessions and therapy duration. Any device related
complication and adverse event were recorded and reported
as frequencies. Descriptive statistics were utilized to analyze
all relevant outcome measures. A Student’s ¢-test was
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conducted to compare pain scores before and after NMES

intervention. All statistical analyses were conducted using
SPSS version 24 (Armonk, NY, USA).

Results

Across all patients, NMES therapy was utilized for an
average of 3.5 months (range, 2 weeks to 10 months).
On average, 90 sessions (range, 6 to 487) of therapy was
received by patients for an average of 1,819 minutes (range,
120 to 9,740 minutes). Overall, patients achieved a mean
ROM of 99°+4.3° at final follow-up. Pain scores reduced
from a mean of 5 points prior to device use (range, 1 to 8
points) to 2.5 points after use (range, 0 to 6 points) (P<0.001)
(1able 1). Evaluation for KOOS questionnaires available for
17 patients showed incremental improvement from 52.46
points when therapy was started to 63 points at 6 months
following NMES therapy (see Figure I). No complications
or adverse events were reported for any of the participants.

Discussion

Mobile-app controlled NMES platforms have recently
gained increasing attention and demonstrated clinical
success to restore and rehabilitate quadriceps muscle
strength in a variety of conditions, particularly following
total knee arthroplasty. In this study, we expanded on
current knowledge by studying the impact of NMES
on patients who received non-operative care for knee
osteoarthritis. Patients who underwent the therapy showed
adequate compliance and demonstrated good ROM,
significant reduction in pain scores, and improved patient
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Table 1 Pain scores before and after NMES intervention
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reported outcome scores at final follow-up. Although
NMES therapy has been reported on by multiple authors,
including in patients with knee OA, there are limited to
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that have reported on the compliance, feasibility, and
patient outcomes of using a mobile-app controlled NMES
therapy device in the setting of knee OA. Furthermore, the
incorporation of a cloud-based provider online platform
may offer an additional advantage by allowing clinicians to
monitor the progress and compliance of their patients in
real-time. Therefore, patients who are making sub-optimal
progress may benefit from an early intervention to modify
their therapy protocol to achieve the best outcome.

There are several limitations to this study. In addition to
the sample size and the retrospective analysis, other factors
that may have contributed to the improvement in outcomes
were not accounted for such as the use of pain medications
and use of physical therapy. In addition, our analysis lacked
a comparative control group and therefore, multiple
confounders may have impacted our results making it less
generalizable. Furthermore, completed questionnaires
and pain scores were available for only small percentages
of our study population. However, this is a novel study
that investigated the use of NMES therapy in OA patients
and none of the participants encountered a complication.
Therefore, it will provide an impetus for future studies
with better study design to truly show the full extent of the
NMES therapy benefit in this setting.

Multiple studies have reported on the use of NMES
therapy in various settings. Labanca et 4/. (15) conducted a
randomized study where 63 patients were randomly allocated
to either a NMES therapy and exercise group, an exercise-
only group, or a no additional treatment group, for patients
who had anterior cruciate ligament reconstructions. The
authors assessed the quadriceps strength in all patients using
the maximal isometric strength achieved at 15, 30, 60, and
180 days after surgery. Patients who received the NMES
therapy achieved higher muscle strength and lower pain
scores when compared with other groups. In another study
by Yoshida ez al. (16), the authors conducted a prospective
randomized single-blind clinical trial and compared the use
of sensory-level NMES vs. motor-level NMES for quadriceps
rehabilitation following TKA in comparison to a control
group that received only a standard rehabilitation program.
Both NMES groups achieved higher isometric contraction
compared to the control group (P=0.001 and P=0.028). They
also achieved better 2-minute walk test results. The authors
concluded that both NMES modalities can be a useful
addition to standard rehabilitation protocols following TKA
allowing better functional outcomes.

In a Cochrane systematic review, Martimbianco
et al. (17) analyzed 8 randomized clinical trials reporting
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on 345 patients who had patellofemoral pain syndrome
and underwent NMES therapy. The included studies
suffered from heterogeneous NMES therapy protocols
and characteristics. Patients in these studies also had a
wide variation in terms of the duration and severity of their
symptoms and associated additional therapies. The authors
concluded that there is currently a lack of high-quality
evidence on the exact role of NMES therapy in these
patients and that more studies accounting for all patients
characteristics and adjuvant therapies are needed to provide
more solid evidence on the exact role of NMES therapy.
However, in a comprehensive meta-analysis by Bistolfi
et al. (18) the authors analyzed the effectiveness of using
NMES therapy following TKA. Out of the 496 patients
that were included in the final analysis, those who received
NMES achieved the best scores (timed up and go test, stair
climbing test, and walk test) compared to those who did not
undergo the therapy. This was particularly effective in the
early postoperative period (first 3 months) and the benefit
was more evident in patients who had a lack of muscular
activation.

In conclusion, NMES therapy has demonstrated
promising clinical results in multiple settings and this
study will help to expand our knowledge particularly on
newer platforms incorporating mobile-app control and
cloud-based provider portal to remotely monitor patient
progress. Despite the limitations, findings from the present
study provide a preliminary assessment of this tool and will
provide an impetus for future studies.
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