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Mini Review

Muscle atrophy is considered to be one of the most prevalent underlying clinical conditions associated with knee
osteoarthritis and in patients recovering from surgical procedures of the knee. Previous research has shown that patients
can lose over 60% of their quadriceps strength after knee surgery, and in-clinic physical therapy programs alone may not be
successful in restoring critical muscle activation strength [1]. In addition this loss of recovery is rapid and patients can lose up
to 50% of the thigh volume in 1 month after surgery if the appropriate steps to reverse atrophy are not taken. In patients with
pre-operative knee osteoarthritis, upper leg muscle strength is reported to be approximately 20-40% lower compared with
healthy age-matched controls [2]. Thigh muscle weakness is strongly related to poor patient-reported outcomes, increased pain,
activity limitations and falls, and has been linked to symptomatic progression of the disease. In addition, disuse atrophy and pain
inhibition cause predominant weakness of the fast twitch muscle fibers. The fast twitch muscle fibers are responsible for many
daily functions. These are larger diameter fibers and are quick to atrophy and harder to recover. There are four methods of fast
twitch muscle recruitment 1) Blood flow restriction training (BFRT), 2) NMES maximally tolerated, 3) Max intensity eccentrics
and, 4) Fast movement patterns such as limb perturbation or rhythmic stabilization. In a post-surgical patient only NMES
therapy is safe in the early phase of recovery. Later on in the Rehab, NMES can be combined with BFR, followed by BFRT and
then as the patient recovers in the later stage max intensity and fast movements and rhythmic stabilization can be incorporated.

Incorporating Neuromuscular Electrical Stimulation, or NMES therapy, to patient care pathway plans helps increase in
thigh muscle strength and prevents further atrophy caused by knee osteoarthritis or after knee surgery. Neuromuscular Electrical
Stimulation (NMES) is a neuromodulation technique that utilizes electrical stimuli to strengthen muscles through the increased
recruitment of type II muscle fibers. NMES uses electrical muscle stimulation (EMS) to cause excitement in the muscle tissue.
This is achieved by passing electrical impulses from a device through electrodes placed on the skin over the targeted muscles. The
NMES stimulus is designed to mimic the same type of signal the brain sends to the muscle when exercising. In early stages of
post-operative rehabilitation, NMES therapy is clinically useful modality to recruit and activate fast twitch motor units especially
in the early phase of post-surgical recovery [3]. NMES is a safe, non-pharmacologic, and non-invasive modality to treat muscle
weakness. By strengthening the quadriceps, NMES has the ability to correct imbalances and reduce additional stress on the joint,
thereby potentially preventing atrophy and further strength deficits.

Neuromuscular Electrical Stimulation has been broadly researched for decades as a therapy option for post-operative
rehabilitation and knee osteoarthritis. The use of NMES after total knee arthroplasty (TKA) has been demonstrated to facilitate
quadriceps muscle recovery and increase overall quadriceps muscle strength [4-8]. One study showed the use of NMES for TKA
is a promising method for improving patient outcomes, including significantly improved function and reduction in post-surgical
pain, when home NMES units were used at least 40 minutes a day in addition to standard physical therapy 2-3 times a week for
1 hour (Table 1) [9]. Another recent study has shown that a home-based NMES device can improve patient function and allow
for an earlier return to activity following TKA [10]. Several other studies have shown promising results with the use of NMES for
knee osteoarthritis, leading to improvement in pain, muscle strength, exercise tolerance, and quality of life in patients with knee
OA as well as those undergoing TKA [11-16].

Table 1: Independent samples t-tests comparing NMES home vs. control cohort Delanois et al. [9].

Pain and functional outcomes Experimental Control P
Resting Pain 2.73 (1.19) 5.08 (2.43) <0.001
Worst Pain 4.36 (2.18) 6.69 (1.62) <0.001
Quad Lag 10.38 (6.46) 23.27 (8.71) <0.001
TUG 12.45 (5.41) 22.71 (8.88) <0.001
Single leg stance 19.30 (10.77) 7.67 (5.69) <0.001
Time to ascend/descend stairs 22.88(17.17) 49.70 (26.36 0.001
2-mintues walking distance 316.61 (151.26) 260.83 (70.10) 0.001
Active ROM: flexion (degree) 94.38 (15.06) 88.69 (15.80) 0.19
Active ROM: extension (degree) 7.31 (4.47) 6.73 (7.34) 0.734
Passive ROM: flexion (degree) 104.19 (14.45) 95.38 (15.23) 0.037

Passive ROM: extension (degree) 2.50 (4.06)

There is a wide variety of NMES products available on the market-including plug in office systems as well as home-based
battery-operated devices for single patient use. Each have important characteristics to consider when selecting an option
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for patient care plans, such as therapy effectiveness, ease of use, patient comfort, and
accessibility throughout the rehabilitation period. One of the advantages of home-based
units is that it can be used daily for a prescribed time per day. We recommend that
patients use home-based units 40 to 60 minutes per day, with one session no more than
20 minutes. One of the notable at-home NMES devices on the market incorporates a
smartphone app to control stimulation therapy and a specialized waveform for optimal
therapeutic benefits. This specific product, the CyMedica e-vive System, is an US FDA-
cleared device allowing patients to access therapy from home, immediately after surgery.
The device’s smartphone app is downloaded to the user’s smart device and allows the
patient to control their stimulation sessions (Figure 1).

Figure 1: CyMedica e-vive NMES System.

The e-vive smartphone app also collects data points of patient progress such as
therapy compliance, range of motion, pain levels, activity, and more. This app in-turn
sends the performance data securely to an online cloud-based provider portal system
allowing providers access through a standard web browser to monitor patient progress
and take corrective actions in time. The device’s patented NMES waveform delivers an
asymmetrical, complex, and monophasic shaped pulse to provide optimal therapeutic
results while maximizing comfort and compliance (Figure 2). The unique design includes
a longer pulse width (5 ms), monophasic polarity, work cycles, and regulated power
output to provide a longer duration of muscle contraction within a 20-minute treatment
session. The result is to provide a deeper activation of both type I and type II muscle fibers.
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Figure 2: CyMedica patented NMES waveform.

The targeted muscle stimulation uses a closed-loop feedback system to regulate
energy transferred to the patient, creating a comfortable experience for the user.
Comfortable muscle stimulation, when performed at the maximally tolerated levels, can
ultimately result in better patient compliance and success with therapy. Upon reviewing
the currently available systems for NMES therapy, it is important to consider not only

the therapeutic benefits, but also patient access, comfort, and ease of use-all of which can
encourage a greater level of therapy compliance for optimal outcomes. A home-based
NMES device is a non-invasive and non-pharmacologic treatment that patients can safely
perform in the safety of their home to recover from post-surgical knee dysfunction as well
as Knee OA. NMES home-based therapy should be an essential part of the continuum of
care pathway in Knee OA as well as post-surgical Knee Rehabilitation.
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