United
Healthcare
Community Plan
UnitedHealthcare® Community Plan
Medical Policy

Electrical Simulation for the Treatment of Pain and
Muscle Rehabilitation (for New Mexico Only)

Policy Number: CS036NM.D

Effective Date: May 1, 2026 2 Instructions for Use
Table of Contents Page Related Policies

Application..... R I R L T e e L I T R 1 e Durable Medical Equipment, Orthotics, Medical
Covgraqe Rationale ............... B TR e 1 Supplies. and Repairs/Replacements (for New
Medical Records Documentation Used for Reviews............. 2 Mexico Only)

ApPlIcable COAES ......uuuuuuiiiiiiiiiiiii e 2

e Implanted Electrical Stimulator for the Spinal Cord

gﬁsicérellrl)tgr;dc;fnizrwces ......................................................... g (for New Mexico Only)

U.S. Food and Drug Administration ..................... 56 Qccipital Nerve Injections and Ablation (Including
REFEIENCES ..ot ee e 57 Occipital Neuralgia and Headache) (for New
Policy History/Revision Information .............ccoeeeviiieeieinnnnnn. 68 Mexico Only)

INStructions for USE ........iiiieeeiiiiieeeeeee e, 68

This Medical Policy only applies to the state of New Mexico.

Coverage Rationale

Transcutaneous electrical nerve stimulator (TENS) is proven and medically necessary in certain circumstances.
For medical necessity clinical coverage criteria, refer to the InterQual® CP: Durable Medical Equipment, Transcutaneous
Electrical Nerve Stimulation (TENS).

Click here to view the InterQual® criteria.

Functional electrical stimulation (FES) is proven and medically necessary as a component of a comprehensive
ambulation rehabilitation program in individuals with lower limb paralysis due to spinal cord injury (SCI) when all
the following criteria are met:

¢ Demonstration of intact lower motor units (L1 and below) (both muscle and peripheral nerves)

¢ Muscle and joint stability for weight bearing at upper and lower extremities that can demonstrate balance and control
to maintain an upright support posture independently

Demonstration of brisk muscle contraction

Demonstration of sensory perception sufficient for muscle contraction

Demonstration of a high level of motivation, commitment, and cognitive ability for device use; and

Ability to transfer independently

Demonstration of independent standing tolerance for at least 3 minutes

Demonstration of hand and finger function to manipulate controls

Post-recovery from SCI and restorative surgery of at least 6 months

Absence of hip and knee degenerative disease

Absence of history of long bone fracture secondary to osteoporosis

FES is unproven and not medically necessary due to insufficient evidence of efficacy for treating any other
indication not listed above.
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Neuromuscular electrical stimulation (NMES) is proven and medically necessary for treating any of the following
indications:
¢ Disuse muscle atrophy if:
o The nerve supply to the muscle is intact; and
o The disuse muscle atrophy is not of neurological origin but results from other conditions, such as casting,
splinting, or contractures
or
¢ When used as part of a comprehensive lower limb rehabilitation program following total knee arthroplasty; or
¢ To improve upper extremity function in persons with partial paralysis following stroke when used as part of a
comprehensive rehabilitation program

NMES is unproven and not medically necessary due to insufficient evidence of efficacy for treating any condition
not meeting the criteria above.

The following are unproven and not medically necessary due to insufficient evidence of efficacy:
¢ Interferential therapy (IFT) for treating musculoskeletal disorders/injuries, or to facilitate healing of nonsurgical soft
tissue injuries or bone fractures

Microcurrent electrical nerve stimulation (MENS)

Percutaneous electrical nerve stimulation (PENS) or percutaneous neuromodulation therapy (PNT)
Percutaneous electrical nerve field stimulation (PENFS)

Percutaneous peripheral nerve stimulation (PNS)*

Peripheral subcutaneous field stimulation (PSFS) or peripheral nerve field stimulation (PNFS)
Pulsed electromagnetic field stimulation (PEMF) [also known as pulsed electrical stimulation (PES)]
Restorative neurostimulation

Scrambler therapy

Translingual stimulation for gait rehabilitation

*For information regarding percutaneous peripheral nerve stimulation for occipital neuralgia and headache, refer to the
Medical Policy titled Occipital Nerve Injections and Ablation (Including Occipital Neuralgia and Headache) (for New

Mexico Only).

Note: For information regarding dorsal root ganglion (DRG) stimulation, refer to the Medical Policy titled Implanted
Electrical Stimulator for the Spinal Cord (for New Mexico Only).

Medical Records Documentation Used for Reviews

Benefit coverage for health services is determined by the federal, state, or contractual requirements, and applicable laws
that may require coverage for a specific service. Medical records documentation may be required to assess whether the
member meets the clinical criteria for coverage but does not guarantee coverage of the services requested.

The patient's medical record must contain documentation that fully supports the medical necessity for the requested
services. This documentation includes, but is not limited to, relevant medical history, physical examination, and results of
pertinent diagnostic tests or procedures. Documentation supporting the medical necessity should be legible, maintained in
the patient's medical record, and must be made available upon request.

Applicable Codes

The following list(s) of procedure and/or diagnosis codes is provided for reference purposes only and may not be all
inclusive. Listing of a code in this policy does not imply that the service described by the code is a covered or non-covered
health service. Benefit coverage for health services is determined by federal, state, or contractual requirements and
applicable laws that may require coverage for a specific service. The inclusion of a code does not imply any right to
reimbursement or guarantee claim payment. Other Policies and Guidelines may apply.

CPT Code Description
0278T Transcutaneous electrical modulation pain reprocessing (e.g., scrambler therapy), each treatment
session (includes placement of electrodes)
0783T Transcutaneous auricular neurostimulation, set-up, calibration, and patient education on use of
equipment
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CPT Code
63650

63655
63663

63664

63685

64555

64567
64596

64597

64598

64999

Description
Percutaneous implantation of neurostimulator electrode array, epidural
Laminectomy for implantation of neurostimulator electrodes, plate/paddle, epidural

Revision including replacement, when performed, of spinal neurostimulator electrode percutaneous
array(s), including fluoroscopy, when performed

Revision including replacement, when performed, of spinal neurostimulator electrode
plate/paddle(s) placed via laminotomy or laminectomy, including fluoroscopy, when performed

Insertion or replacement of spinal neurostimulator pulse generator or receiver, requiring pocket
creation and connection between electrode array and pulse generator or receiver

Percutaneous implantation of neurostimulator electrode array; peripheral nerve (excludes sacral
nerve)

Percutaneous electrical nerve field stimulation, cranial nerves, without implantation

Insertion or replacement of percutaneous electrode array, peripheral nerve, with integrated
neurostimulator, including imaging guidance, when performed; initial electrode array

Insertion or replacement of percutaneous electrode array, peripheral nerve, with integrated
neurostimulator, including imaging guidance, when performed; each additional electrode array (List
separately in addition to code for primary procedure)
Revision or removal of neurostimulator electrode array, peripheral nerve, with integrated
neurostimulator
Unlisted procedure, nervous system

CPT® is a registered trademark of the American Medical Association

*Note: The following are the only FES devices verified by the Centers for Medicare & Medicaid Services (CMS) Pricing,
Data Analysis, and Coding (PDAC) to be reported with HCPCS code E0770:

Deluxe Digital Electronic Muscle Stimulator (Drive Medical)

e NESS L300 and H200 devices (Bioness)
¢ Odstock ODFS Pace FES System (Odstock Medical/Boston Brace)
¢ WalkAide (Innovative Neurotronics)
HCPCS Code Description
A4438 Adhesive clip applied to the skin to secure external electrical nerve stimulator controller, each
A4543 Supplies for transcutaneous electrical nerve stimulator, for nerves in the auricular region, per month
A4544 Electrode for external lower extremity nerve stimulator for restless legs syndrome
A4556 Electrodes (e.g., apnea monitor), per pair
A4557 Lead wires (e.g., apnea monitor), per pair
A4593 Neuromodulation stimulator system, adjunct to rehabilitation therapy regime, controller
A4594 Neuromodulation stimulator system, adjunct to rehabilitation therapy regime, mouthpiece, each
A4595 Electrical stimulator supplies, 2 lead, per month, (e.g., TENS, NMES)
EQ720 Transcutaneous electrical nerve stimulation (TENS) device, two-lead, localized stimulation
EO0721 Transcutaneous electrical nerve stimulator for nerves in the auricular region
EO0730 Transcutaneous electrical nerve stimulation (TENS) device, four or more leads, for multiple nerve
stimulation
E0731 Form-fitting conductive garment for delivery of TENS or NMES (with conductive fibers separated
from the patient's skin by layers of fabric)
EO0743 External lower extremity nerve stimulator for restless legs syndrome, each
EQ744 Neuromuscular stimulator for scoliosis
EQ745 Neuromuscular stimulator, electronic shock unit
E0764 Functional neuromuscular stimulation, transcutaneous stimulation of sequential muscle groups of
ambulation with computer control, used for walking by spinal cord injured, entire system, after
completion of training program
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HCPCS Code
EO770*

E1399
L8678
L8679
L8680
L8682
L8685
L8686
L8687
L8688
S8130
S8131

Description

Functional electrical stimulator, transcutaneous stimulation of nerve and/or muscle groups, any
type, complete system, not otherwise specified

Durable medical equipment, miscellaneous

Electrical stimulator supplies (external) for use with implantable neurostimulator, per month
Implantable neurostimulator, pulse generator, any type

Implantable neurostimulator electrode, each

Implantable neurostimulator radiofrequency receiver

Implantable neurostimulator pulse generator, single array, rechargeable, includes extension
Implantable neurostimulator pulse generator, single array, nonrechargeable, includes extension
Implantable neurostimulator pulse generator, dual array, rechargeable, includes extension
Implantable neurostimulator pulse generator, dual array, nonrechargeable, includes extension
Interferential current stimulator, 2 channel

Interferential current stimulator, 4 channel

Description of Services

Electrical stimulators provide direct, alternating, pulsating and/or pulsed waveform forms of energy. The devices are used
to exercise muscles, demonstrate a muscular response to stimulation of a nerve, relieve pain, relieve incontinence, and
provide test measurements. Electrical stimulators may have controls for setting the pulse length, pulse repetition
frequency, pulse amplitude, and triggering modes. Electrodes for such devices may be indwelling, implanted
transcutaneous, or surface.

Functional Electrical Stimulation

Functional electrical stimulation (FES) is the direct application of electric current to intact nerve fibers in a coordinated
fashion to cause involuntary but purposeful contraction. FES bypasses the central nervous system and targets motor
neurons innervating either skeletal muscle or other organ systems. Electrodes may be on the surface of the skin or may
be surgically implanted along with a stimulator. FES is categorized as therapeutic and functional. Therapeutic FES
typically enables resistive exercise, with the goal of preventing muscular atrophy and promoting cardiovascular
conditioning. Functional FES enables or enhances standing, ambulation, grasping, pinching, reaching, respiration, bowel
or bladder voiding, or ejaculation. The two goals of FES are mutually supportive (Hayes, 2017).

Interferential Therapy

Interferential therapy (IFT) is a treatment modality that is proposed to relieve musculoskeletal pain and increase healing in
soft tissue injuries and bone fractures. Two medium-frequency, pulsed currents are delivered via electrodes that are
placed on the skin over the targeted area, producing a low-frequency current. IFT delivers a crisscross current, resulting in
deeper muscle penetration. Electric cell-signaling treatment is a form of IFT that uses ultra-high digital frequency energy.
NEO GeneSys 2k is an electric cell-signaling treatment device (Hayes, 2023; updated 2025). It is theorized that IFT
prompts the body to secrete endorphins and other natural painkillers and stimulates parasympathetic nerve fibers to
increase blood flow and reduce edema (Hayes, 2008).

Microcurrent Electrical Nerve Stimulation Therapy

Microcurrent electrical nerve stimulation (MENS) therapy is intended for pain relief and to facilitate wound healing,
delivering current in the microampere range. One microampere (UA) equals 1/1,000th of a milliampere (mA). By
comparison, transcutaneous electrical nerve stimulation (TENS) therapy delivers currents in the milliampere range,
causing muscle contraction, pulsing, and tingling sensations. The microcurrent stimulus is subsensorial, so users cannot
detect it. Although microcurrent devices are approved in the category of TENS for regulatory convenience, in practical
use, they are in no way similar and cannot be compared with TENS in their effect (Curtis et al., 2010; Zuim et al., 2006).
MENS is also referred to as frequency-specific microcurrent therapy, microelectrical therapy, microcurrent therapy, or
microelectrical neurostimulation. Examples of MENS devices currently in use include but are not limited to Algonix®,
Alpha-Stim®100, Electro-Myopulse 75L, electro-Lyoscope 85P, KFH Energy, MENS 2000-D, MICROCURRENT,
Myopulse 75C, and Micro Plus™.
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Neuromuscular Electrical Stimulation

Neuromuscular electrical stimulation involves the use of transcutaneous application of electrical currents to cause muscle
contractions. The goals of neuromuscular electrical stimulation are to promote reinnervation, prevent or retard disuse
atrophy, relax muscle spasms, and promote voluntary control of muscles in individuals who have lost muscle function due
to surgery, neurological injury, or a disabling condition (Hayes, 2008).

Percutaneous Electrical Nerve Stimulation

Percutaneous electrical nerve stimulation (PENS), also known as percutaneous neuromodulation therapy, is a
conservative, minimally invasive treatment for pain in which acupuncture-like needles connected through a cable to an
external power source are inserted into the skin. Electroacupuncture is one of the many forms of PENS therapy
(Rodriguez Lagos et al., 2023). PENS needle placement differs from TENS in that it is percutaneous instead of cutaneous
and differs from spinal cord stimulation in that electrodes are not permanently implanted. The mechanism of action of
PENS is theorized to modulate the hypersensitivity of nerves from which the persistent pain arises, potentially involving
endogenous opioid-like substances.

Percutaneous Electrical Nerve Field Stimulation

Percutaneous electrical nerve field stimulation targets central pain pathways via the auricular branch of the vagus nerve
using alternating frequencies of low-voltage stimulation. While the exact mechanism responsible for the analgesic effects
remains unknown, percutaneous electrical nerve field stimulation has been proposed as a method of pain relief in
disorders such as irritable bowel syndrome (ECRI, 2024; revised 2025).

Percutaneous Peripheral Nerve Stimulation

Peripheral nerve stimulation (PNS) is a type of neuromodulation therapy in which an electrode(s) is implanted or placed
near a peripheral nerve (i.e., nerve located outside the brain and spinal cord) that subserves the painful dermatome. The
electrode(s) delivers electrical impulses to the affected nerve to disrupt the transmission of pain signals, thereby reducing
the level of pain (International Neuromodulation Society, 2019). Implanted PNS devices include systems such as the
StimRouter Neuromodulation System, SPRINT PNS System, and Freedom Peripheral Nerve Stimulator (previously
known as StimQ).

Peripheral Nerve Field Stimulation

Peripheral nerve field stimulation, also referred to as peripheral subcutaneous field stimulation, is a technique used when
the field to be stimulated is not well defined or does not fit exactly within the area served by any one or two peripheral
nerves. Different from spinal cord stimulation or PNS, the peripheral nerve field stimulation electrode arrays are implanted
within the subcutaneous tissue of the painful area (Abejon and Krames, 2009).

Pulsed Electromagnetic Field Stimulation

Pulsed electromagnetic field stimulation, also referred to as pulsed electrical stimulation, is hypothesized to facilitate bone
formation and cartilage repair and to alter inflammatory cell function. Some chondrocyte and osteoblast functions are
mediated by electrical fields induced in the extracellular matrix by mechanical stresses. Electrostatic and electrodynamic
fields may also alter cyclic adenosine monophosphate or DNA synthesis in cartilage and bone cells (Farr et al., 2006).

Restorative Neurostimulation

Restorative neurostimulation is a minimally invasive method of innervating the multifidus muscle of the lower back to
override the underlying cycle of lumbar multifidus muscle degeneration. It is intended to be used as a rehabilitative
therapy for individuals with impaired neuromuscular control associated with mechanical chronic low back pain. After the
neurostimulation device is implanted, isolated electrical impulses are stimulated by way of self-anchoring leads placed
next to the medial branch of the dorsal ramus (Hayes, 2022). The ReActiv8 Implantable Neurostimulation System is an
example of a restorative neurostimulation system.

Scrambler Therapy

Scrambler therapy [also referred to as Calmare® Pain Therapy (Calmare Therapeutics Inc.) or transcutaneous electronic
modulation pain reprocessing therapy] is a noninvasive, transdermal treatment that is designed for the symptomatic relief
of chronic pain. Treatment is performed by applying electrodes corresponding to the dermatome on the skin, just above
and below the area of pain. The device provides electrical signals via the electrodes presenting nonpain information to the
painful area using continuously changing, variable, nonlinear waveforms (Hayes, 2021).
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Transcutaneous Electrical Nerve Stimulation

TENS is a therapeutic modality device that uses electric current delivered through electrodes placed on the surface of the
skin to decrease the perception of pain by activating peripheral nerves inhibiting the transmission of afferent pain nerve
impulses and/or stimulating the release of endorphins. A TENS unit must be distinguished from other electrical stimulators
(e.g., neuromuscular stimulators), which are used to directly stimulate muscles and/or motor nerves (Teoli and Dua,
2025).

Translingual Stimulation

Translingual stimulation is a noninvasive method used to elicit neural changes by stimulating the trigeminal and facial
cranial nerves. Input from neurostimulation and physical therapy are thought to enhance neuroplasticity and enable the
brain to restructure and relearn motor skills (ECRI, 2021).

Clinical Evidence

Functional Electrical Stimulation

Functional electrical stimulation (FES) has demonstrated promising benefits across various neurological and
musculoskeletal (MSK) conditions, particularly in individuals with spinal cord injury (SCI), cerebral palsy (CP), stroke,
multiple sclerosis (MS), and chronic heart failure (CHF). Evidence suggests that FES can improve muscle strength,
aerobic capacity, respiratory function, gait parameters, and quality of life (QOL), especially when used in combination with
exercise programs. However, its effectiveness varies depending on the condition, injury severity, and timing of the
intervention. Limitations include small sample sizes, inconsistent protocols, short follow-up periods, and mixed results in
long-term functional outcomes. Some studies found negligible effects on very weak muscles or no significant
improvements compared with conventional therapies. Additionally, the quality of evidence is often rated low due to
methodological concerns, such as lack of blinding, heterogeneity in study designs, and limited generalizability. Further
high-quality, large-scale randomized controlled trials (RCTs) are needed to establish optimal treatment parameters and
confirm the long-term efficacy of FES across diverse patient populations of individuals.

Spinal Cord Injury

Xiangli et al. (2025) conducted a systematic review and meta-analysis to evaluate the efficacy of FES used alone or as an
adjunct to exercise (rowing/cycling) as a way to improve respiratory function and aerobic capacity in individuals with SCI.
Using 23 RCTs and self-controlled studies (n = 314), the authors assessed outcomes of forced vital capacity (FVC), peak
expiratory flow, maximal expiratory/inspiratory pressure, and peak oxygen uptake (VO,peak). The authors concluded that
when used as a stand-alone intervention, FES significantly improved expiratory function, with increases in peak expiratory
flow [standardized mean difference (SMD), 0.42; p = 0.007], maximal expiratory pressure (SMD, 0.93; p = 0.008), and
FVC (SMD, 0.37; p = 0.03). However, no significant improvement was found for maximal inspiratory pressure (p = 0.38).
When FES was combined with exercise, it significantly enhanced aerobic capacity. This was illustrated by improvements
in VO,peak for both FES-assisted rowing (SMD, 0.35; p = 0.03) and FES-assisted cycling (SMD, 0.24; p = 0.0003)
compared with exercise alone. No significant effects on peak ventilation were observed. A limitation of the study is the
number of studies addressing a few outcomes, particularly FES combined with cycling and the maximal inspiratory
pressure analysis, thus limiting the statistical value of these specific findings. Additional research, with larger sample
sizes, is needed since the study did not address the effectiveness and clinical utility of the technology compared with
those of standards of care.

Chen et al. (2025a) conducted an 8-week, assessor-blinded RCT with concealed allocation, an intention-to-treat analysis,
and blinded outcome assessors. Overall, 60 participants (30 randomized to each group) with recent SCI were recruited
from three SCI units in Australia and Bangladesh. Participant inclusion criteria included a recent complete or incomplete
SCI (less than 6 months); age 18 years or older; absence of other neurological injury or condition; weakness, with grade 1
or 2 strength on the 6-point manual muscle test in a major muscle group, affecting one side of the body (i.e., knee, wrist,
elbow flexors or extensors, ankle plantar flexors or dorsiflexors); and the ability to continue physiotherapy on an outpatient
basis if discharged from inpatient. Participant exclusion criteria included the inability to evoke a strong, electrically
stimulated contraction in the target group muscle; inability to cooperate with treatment (cognitive impairment or medical
condition); inability to speak the local language well enough to complete an informed consent; or any condition preventing
training or testing of the targeted muscle group. A major muscle group of the upper or lower limb with grade 1 or grade 2
strength on a standard 6-point manual muscle test was selected. Participants were randomized to either a control group
or an experimental (treatment) group. Participants in the experimental group received strength training combined with
electrical stimulation and usual care for a targeted muscle group for 8 weeks, once a day, three times per week (24 total
training sessions). Participants in the control group received usual care for the targeted muscle group, with no more than
two strength training sessions/week (two sets of 10 contractions). Participant assessments were taken by a blinded
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assessor at baseline and again at 8 weeks. Voluntary muscle strength on a modified 12-point manual muscle test was the
primary outcome measurement. Participants’ perception of strength, ability, and function to perform self-selected goals
were the three secondary outcome measurements. Results of the voluntary strength mean at 8 weeks between the
groups was 0.7 out of 13 points, for which clinical worthwhile treatment was deemed as 1 point. The secondary outcomes
did not determine a clinically important effect. The study concluded that 8 weeks of strength training combined with
electrical stimulation has a negligible effect on the strength of very weak muscles. Limitations of the study include strength
training doses that may have failed to demonstrate a clear treatment effect, frequency of weekly treatment sessions, and
sensitivity of the 13-point manual muscle test.

Manaf et al. (2024) completed a nonrandomized, pre-post, government-funded university hospital study to determine the
feasibility and preliminary effects of high-intensity interval training (HIIT) using FES cycling exercise (FES-LCE) on
changes in thigh muscle volume and muscle strength in individuals with incomplete SCI. There were eight individuals with
incomplete SCI; six were women and two were men, with an average age of 50 years, stable SCI paraplegia, and an
average of 6.75 years since injury. Individuals with uncontrolled spasticity or pain and/or medical contraindications (e.g.,
heart problems, severe autonomic dysreflexia, very low or high blood pressure, weight-bearing severely infected skin
pressure sores) were excluded. The intervention was to participate in the HIIT FES-LCE (85%-90% peak watts; 4 x 4-
minute intervals) three times a week (over 6 weeks). The primary outcomes of adherence, individuals’ acceptability, and
adverse events were measured. The secondary outcomes were muscle strength (peak torque) and leg volume changes.
Findings revealed high levels of adherence; satisfaction; positive feedback; no serious adverse events; and notable
improvements in the hamstring muscle (18.2%-23.3%), leg volume (1.7%-18.2%), and isometric peak torque of the
quadriceps (range, 13.9%-25.6%). Limitations of the study include the presence of individuals with lumbar and T12
injuries, which may have resulted in denervation in their lower limb muscles. Denervated muscles do not respond to
electrical stimulation, per the inclusion criteria. Observed responses to electrical stimulation of the lower limb muscles
could originate from nerves or unaffected muscles, which can be the case in incomplete injuries. The study assessed
HIIT’s effect in conjunction with electrical stimulation on muscles that have volitional control instead of those that are
solely denervated. In addition, the HIIT FES-LCE did not compare this intervention with other exercise interventions,
deeming comparison between two exercise interventions unclear for adherence and effectiveness. Previous physical
activity lifestyles of the individuals were not captured, making it difficult to determine the extent of interventional
improvement in physical fitness. Finally, a control group was not included, leading to difficulties establishing cause-and-
effect relationships between HIIT FES-LCE and observed improvements. The authors concluded that future research is
needed to explore the long-term effects and determine optimal protocols for this intervention.

Hayes published an Evidence Analysis Research Brief addressing home-based FES for rehabilitation following SCI based
on a review of six abstracts, including one RCT that was reported in three of the abstracts and one single-arm study that
was reported in the other three abstracts. The brief stated that there is not enough published, peer-reviewed literature to
evaluate the evidence related to home-based FES for rehabilitation following SCI and that they did not find any clinical
position statements or guidelines that addressed home-based FES for this indication; it was concluded that there is
no/unclear support for its use in individuals undergoing rehabilitation following SCI (2024).

Maté et al. (2023) conducted a systematic review and meta-analysis to examine the evidence for the potential of hybrid
FES cycling to improve cardiorespiratory fithess in people with mobility disability related to an SCI. The systematic review
included 13 published studies (10 uncontrolled acute exercise session studies and three uncontrolled training studies),
with six of the studies included in the meta-analyses. In 12 studies, the individuals had SCI, with the time since injury
ranging from 2 to 13.6 years. Some studies only included individuals with a complete SCI, while other studies had a
mixture of individuals with complete and incomplete injuries. Most studies were considered to have fair methodological
quality. There was a total of 119 individuals included in the 13 studies (102 men and 17 women). The authors reported
that (1) hybrid FES cycling was moderately more effective than arm crank ergometry in increasing peak volume of oxygen
consumption (VO,peak) from rest in the 10 studies (125 individuals) that reported VO,peak and that (2) there was a large
effect on the increase of VO,peak from rest for hybrid FES cycling compared with FES cycling in the five studies (36
individuals) that reported on hybrid FES cycling compared with FES cycling. The authors also reported that longitudinal
training with hybrid FES cycling showed a significant improvement in VO,peak from prior to the intervention to post
intervention in the three studies (22 individuals) that reported on aerobic fithess after hybrid FES cycling. Limitations of the
study include the small sample sizes of the included studies; individuals included in the subanalyses; heterogeneity of the
study designs and inclusion criteria among the studies; and publication bias and a lack of individual participant data, as
three of the studies appeared to have the same participant data for acute bouts of hybrid FES cycling and arm crank
ergometry (but were only included once in the meta-analysis). The authors concluded that hybrid FES cycling can improve
cardiorespiratory fitness in people with SCI and that there is emerging evidence that hybrid FES cycling might increase
aerobic fitness in people with mobility disability related to central nervous system (CNS) disorders.
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In a systematic review by Bekhet et al. (2022), the effect of using neuromuscular electrical stimulation (NMES) or FES or
both on training on body composition parameters in individuals with SCI was evaluated. The review included 46 studies,
with a total sample size of 414 individuals, that evaluated NMES loading exercise and FES cycling exercise used in
training. The authors reported that there was an average increase in the muscle cross-sectional area of 26% (n = 33) and
that 15 studies reported changes (both increase and decrease) in lean mass or fat-free mass, with a range from -4% to
35%. Limitations noted include the broad inclusion criteria for other interventions that made it difficult to determine the
benefits that were due specifically to the electrical stimulation; broad variability of NMES/FES parameters used across the
studies; small sample sizes; variability of the levels of SCI included; wide range of study designs (case reports, crossover,
prospective, and retrospective), with a limited number of RCTs; and variability in durations and interventions. The authors
concluded that the systematic review showed that the use of NMES/FES resulted in robust muscle hypertrophy and an
increase in lean mass and fat-free mass, with inconclusive evidence about reduction in intramuscular mass. They
recommended multicenter RCTs to consolidate previous research findings on body composition and to reach consensus
about the most effective stimulation parameters needed to improve body composition in persons with SCI. The studies
reviewed included the Griffin (2009) study, previously summarized in this policy.

Hayes published a Health Technology Assessment on FES for rehabilitation following complete and incomplete SCI in
adults, adolescents, and children. The literature search was designed to identify studies that assessed the effectiveness
and safety of FES in individuals with SCI. Fifteen studies, reported in 21 articles, were included, of which nine were RCTs
and six were pretest/posttest studies in nine to 70 individuals with an SCI. FES was used for therapeutic or functional
applications and compared with standard care [e.g., physical therapy (PT), occupational therapy, exercise without FES,
electrical stimulation without exercise]. Outcome measurements were walking ability, hand function, muscle strength,
muscle atrophy, bone loss, QOL, health complications, and cardiovascular and respiratory outcomes through a follow-up
time frame of 0 to 40 months.

In adults with complete motor SCI, six of seven studies found improved muscle strength, enabled independent
ambulation, improved grasp strength, and increased cough capacity; the seventh study found that FES did not weaken
bone loss in individuals with acute SCI. Two studies were rated as fair quality, and five were rated as very poor quality,
yielding a Hayes rating of C. However, a body of evidence that is large in size and low in quality suggests that FES
appears to improve health outcomes in adults with complete motor SCI.

Adults with incomplete motor SCI from three fair-quality RCTs, limited by a small sample size and lack of long-term follow-
up, showed that FES improved muscle strength in both studies. However, in two studies, there was no significant
improvement in muscle endurance, walking ability, bone mineral density, and functional/QOL outcomes, leading to a
Hayes rating of C.

Children and adolescents with complete motor SCI had mixed FES effectiveness. One study found that children with
implanted electrodes to enable standing and walking could perform some activities of daily living (ADL) faster and with
greater independence than without FES; while the second study found greater muscle strength, other outcome measures
[including muscle volume, bone mineral density, and cardiovascular and respiratory health (except for oxygen uptake)]
were not improved. Fair and very low-quality evidence in the two studies, due to inconsistent results, yielded a Hayes
rating of D2.

FES use in children and adolescents with incomplete motor SCI concluded insufficient evidence for this population, as no
studies met the inclusion criteria, yielding a Hayes rating of D? (Hayes 2017; updated 2022).

Sadowsky et al. (2013) conducted a single-center cohort study to examine the effect of long-term lower extremity FES
cycling on the physical integrity and functional recovery in people with chronic SCI. Overall, 25 participants with chronic
SCI (at least 16 months following injury) who received FES during cycling were matched by age, gender, injury level,
severity, and duration of injury to 20 people with SCI who received range of motion (ROM) and stretching. The main
outcome measure was change in neurological function, which comprised motor, sensory, and combined motor-sensory
scores, assessed by the American Spinal Injury Association Impairment scale. Response was defined as a = 1-point
improvement. FES was associated with an 80% combined motor-sensory score responder rate compared with 40% in
controls. An average 9.6 combined motor-sensory score point loss among controls was offset by an average 20-point gain
among FES participants. Quadriceps muscle mass was, on average, 36% higher and intra-/intermuscular fat 44% lower in
the FES group. Hamstring and quadriceps muscle strength was 30% and 35% greater, respectively, in the FES group.
QOL and daily function measures were significantly higher in the FES group. The authors concluded that receiving FES
during cycling in chronic SCI may provide substantial physical integrity benefits, including enhanced neurological and
functional performance, increased muscle size and force-generation potential, reduced spasticity, and improved QOL.
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Additional evidence indicates that people with paraplegia can benefit from FES that exercises muscles without providing
locomotion. In one study, electrically stimulated use of an exercise cycle by people with paraplegia restored muscle mass
(Baldi et al., 1998). In another study, bone mineral density improved in some bones of individuals with SCI after use of the
FES bicycle (Chen et al., 2005). While most studies involved individuals with many years of muscular atrophy, Baldi et al.
included individuals with less than 4 months of atrophy. Moreover, electrically stimulated isometric exercise stimulated
bone remineralization that was not observed with electrically stimulated walking (Needham-Shropshire, 1997). Even if the
ambulation provided by devices such as the Parastep significantly improves, it will still only be usable by a subset of
individuals with paraplegia such as those with T4 to T11 SCls (Klose, 1997). Stationary electrically stimulated exercise
can be performed by a much larger group of individuals, including people with tetraplegia. To summarize, electrically
stimulated ambulation cannot be considered safer or more beneficial than electrically stimulated stationary exercise,
unless the benefits of ambulation are shown to be superior in large-scale trials in which people with paraplegia are
randomized to these two therapies. Further studies also need to be performed to confirm the benefits of electrically
stimulated stationary exercise since the controlled trials conducted to date have used very small study populations and
have assessed a limited set of outcome measures.

Cerebral Palsy

Elsharkawy et al. (2025) conducted an RCT in 30 participants with diplegic CP to evaluate the effect of the Universal
Exercise Unit (UEU) vs FES on genu recurvatum in these children. Genu recurvatum causes the knee to hyperextend
during the stance phase, often due to contracture or stiffness in the calf muscles. The children, between the ages of 4 and
8 years with diplegic CP and genu recurvatum, were randomly assigned to two groups. Both groups underwent UEU
therapy to strengthen the hamstring and tibialis anterior muscles, while study group Il received FES. The authors reported
significant improvement in muscle strength and knee joint alignment following UEU and FES. However, UEU
demonstrated superior outcomes compared with FES, potentially attributed to its stronger impact on the hamstring and
tibialis anterior muscles. Additionally, FES indicated an enhanced active ankle dorsiflexion angle and strength as well as
improvement in selective motor control and balance. Limitations of the study include that it only looked at one type of CP,
and the participant age range was only between 4 and 8 years. Future research is necessary to further assess the clinical
utility of FES technology in the CP population and evaluate the long-term clinical treatment protocols for this population.

A retrospective review conducted by Walters et al. (2025) evaluated the clinical data for patients who were diagnosed with
CP and associated foot drop and treated with FES to help with their gait disorder. Objective and patient-reported outcome
measures were used. The primary outcomes of walking speed and walking satisfaction were analyzed at 3 months after
starting FES treatment. In a subset of 11 patients who had used FES for 4 years or longer, secondary analyses were
completed to explore benefit over time. The authors indicated that a large number of missing data points could be related
to the study being conducted during the COVID-19 pandemic and due to in-person visits transitioning to video
appointments. The authors concluded that patient-reported walking satisfaction [numeric rating scale (NRS)] improved
when comparing no-FES vs FES at 3 months and at 4 years. A limitation of this study was its timing, which took place
during the COVID-19 pandemic and may have had a strong influence on the long-term follow-up rate, as many older
adults with chronic health conditions limited activities and chose not to visit hospitals during this time. Further long-term
clinical trials demonstrating the clinical efficacy of FES are necessary and needed to address the clinical impact of the
technology on patient-centered outcomes.

Moll et al. (2023) conducted a randomized crossover trial that was conducted in 25 children with unilateral spastic CP to
study if FES of the peroneal nerve can improve body functions, activities, and participation and if it could be an effective
alternative treatment. Participants were aged 4 to 18 years (median age, 9 years 8 months; 60% male) who were
classified by the Gross Motor Function Classification System as level | or I, with unilateral foot drop of central origin, and
were currently undergoing treatment with an ankle-foot orthosis (AFO) or adapted shoes. The study treatment sequence
was randomized, with each participant receiving 12 weeks of FES treatment (during which time each participant wore the
WalkAide® device) and 12 weeks of conventional treatment (AFO or adapted shoes), separated by a 6-week washout
period. Outcome measures included the Goal Attainment Scale, the Cerebral Palsy QOL questionnaire, and a three-
dimensional gait analysis. The authors reported that 18 participants completed the trial and that the proportion of Goal
Attainment Scale goals that were achieved was not significantly higher in the FES vs the conventional treatment phase.
According to the authors, there were no changes found in the standard physical examination or regarding satisfaction with
orthoses and participants’ ability to dress themselves. The authors concluded that FES was not significantly worse than
AFO; however, participant selection is critical, and a testing period and thorough follow-up are needed. Limitations of the
study include the single-center design, high dropout rate, short follow-up period, and use of multiple physiotherapists
performing the physical examinations.

In a prospective open-label study in children with hemiplegic CP-related foot drop who used dorsiflexion FES, Segal et al.
(2023) assessed the effectiveness of the device over a 5-month period of use. The study included 15 participants who
were at least 6 years of age who attended all appointments and who had good adherence. Each participant was assessed
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by motor function tests and the measurement of ankle biomechanical parameters at baseline, after 1 month, and after 5
months. All testing was conducted by the same physiotherapist in the same order for all participants and at each visit. At
baseline, tests were conducted while the child was wearing the dorsiflexion FES device (WalkAide) turned off, and at 1
and 5 months, each test was carried out first with the device switched off and then with it switched on. There were 11
participants who dropped out between enroliment and the 5-month mark: eight (72%) withdrew due to a lack of a positive
effect of FES on gait (as perceived by the participant and family), and three (28%) withdrew for unrelated reasons. The
authors reported that improvement was noted at the 1-month appointment, although the difference between month 1 and
month 5 was not significant. Falling frequency questionnaires filled out by the parents revealed a trend toward
improvement in stability, although the results were not statistically significant. Limitations of the study include the single-
center design, small sample size, low retention rate, and lack of a control group.

Zhu et al. (2022) conducted a meta-analysis to assess the effectiveness of FES devices in gait improvement in children
with CP. Their analysis included nine studies, with a total of 282 children with CP; 140 children were in the FES treatment
group, and 140 children were in the control group. The authors reported that the data showed that the walking speed and
step length were increased after FES compared with those in the control group. The authors noted that the randomization
scheme and result report used in most studies were low risk, although most studies had limitations in the blinding method
of individuals, as most were single-blinded studies. The authors concluded that FES could increase walking speed and
walking step length, which could improve the walking ability of children with CP. The authors recommended more
research to support their findings.

In a parallel, three-group, randomized, unblinded, single-center, cross-sectional study by Sansare et al. (2021), the effect
of two training approaches, cycling with and without FES assistance, to that of a no-intervention control group on the
cardiorespiratory fitness of children with CP was examined. The study included 39 participants between the ages of 10
and 18 years. They were randomized to one of the three study groups: FES (received FES-assisted cycle training; n =
15), VOL (underwent volitional cycling only; n = 11), or CON (received no treatment intervention; n = 13), with participant
characteristics among the groups showing no significant differences in age, height, weight, and body mass index (BMI)
among the three groups. Both treatment groups underwent a setup/practice phase prior to baseline testing and then were
asked to cycle continuously for 30 minutes, three times a week for 8 weeks, at the target cycling power corresponding to
50% to 80% of their Karvonen-predicted target heart rate during the baseline incremental test. All participants were
assessed for cardiorespiratory fitness at three time points: prior to training (PRE), at the end of 8 weeks of training
(POST), and during a washout period of 8 weeks (WO). An additional assessment was performed midway through
training to account for increased cardiorespiratory capacity and motor learning effects, and new heart rate and power
targets were set. The average adherence to the training protocol in both the cycling groups was 91.9%, with no significant
difference between the FES and VOL groups. The authors concluded that the study showed that while FES-assisted
cycling can enable children with CP to attain higher cycling cadences than cycling alone or without any intervention, it did
not show any significant improvements in peak VOz: (liters of oxygen per minute per kg body weight) and peak net heart
rate (peak heart rate in beats per minute). They reported that the FES group made significant gains between PRE to
POST and that all three study groups showed minimal changes between POST and WO, which the authors stated is
indicative of the ability to maintain the gains made during training.

Moll et al. (2017) conducted a systematic review to assess the effect of FES of ankle dorsiflexors in children and
adolescents with spastic CP during walking. A search, using predetermined terms, was conducted using
PubMed/MEDLINE, Embase, the Physiotherapy Evidence Database (PEDro), Web of Science, CINAHL, and the
Cochrane Library. Outcomes were reported according to the International Classification of Functioning, Disability, and
Health (ICF). The ICF domains are classified by body and individual and societal perspectives by means of two lists: a list
of structure and function and a list of domains of participation and activity. A total of 780 articles were identified, and after
review, 14 articles were included, including two small RCTs. In total, 127 individuals received FES of the ankle
dorsiflexors (14 bilaterally affected and 113 unilaterally affected). The individuals’ ages ranged from 5 to 19 years, and the
Gross Motor Function Classification System level ranged from | to lll. The authors concluded that (1) at the ICF
participation and activity level, there is limited evidence for a decrease in self-reported frequency of toe-drag and falls and
(2) at the ICF body structure and function level, there is clear evidence (level | to Il studies) that FES increased (active)
ankle dorsiflexion angle and strength and improved selective motor control, balance, and gait kinematics but decreased
walking speed. Adverse events included skin irritation and acceptance issues. The authors further stated that it cannot be
concluded that FES (of the ankle dorsiflexors) improves functioning at the activity and participation level; however, current
evidence supports the potential role of FES as an alternative to classic orthotic treatment. The authors recommended that
future studies should focus on the domain of activity and participation.

Cerebrovascular Accident

Liu et al. (2025) conducted a retrospective study on clinical data from 150 patients, with an average age of 51 years, who
had a stroke, had lower limb motor dysfunction, and were treated in a single hospital from January 2023 to January 2024,
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to determine the efficacy of FES in improving motor control across three groups (50 patients each). Criteria inclusions
included a stroke diagnosis based on Cerebrovascular Disease’s fourth national conference; cranial computed
tomography or magnetic resonance imaging (MRI) confirmation of the initial diagnosis, with between 1- and 12-month
disease duration and a stable condition; foot inversion or foot drop on the affected side and willingness to participate in
rehabilitation treatment (all patients); lower limb spasticity grade Il or below on the Modified Ashworth Scale; stage Il or
above on the Brunnstrom scale for lower limb motor recovery; and the ability to walk with supervision or independently for
at least 10 meters, without any type of assistive device. Exclusion criteria included severe cognitive or communication
disorders; severe cardiopulmonary, renal, or hepatic impairment; cardiac pacemakers or psychiatric disorders; foot drop
due to peripheral nerve injury; and noncontinuous treatment or missing follow-up data. Patients were divided into three
groups: a conventional rehabilitation (control) group (35 male and 15 female patients), a conventional rehabilitation plus
calf muscle functional stimulation (CPN-FES) group (34 male and 16 female patients), and a conventional rehabilitation
plus tibialis anterior functional stimulation (TA-FES) group (37 male and 13 female patients). Patients in conventional
rehabilitation underwent PT, acupuncture, occupational therapy, daily functional training, limb positioning, and position
changes therapy. Training was conducted over a period of 8 weeks for 5 days a week and 40 minutes each session.
Acupuncture was administered in 30-minute sessions, once daily for 8 weeks, 5 days a week. In the two remaining
groups, FES sessions were 15 minutes daily, 5 days a week, over 8 weeks and performed by the same therapist. The
collection of data included lower limb motor function, mental status, H-reflex changes, ADL, walking and balance abilities,
and F-wave latency and amplitude. The study found that early rehabilitation integrated with FES markedly enhanced the
recovery of patients with stroke. At the end of the 8 weeks of observation, there were improvements in lower limb motor
function, cognitive status, ADL, walking, and balance. The greatest improvements were noted in the CPN-FES group,
followed by the TA-FES group, and the control group demonstrated the least improvement. In addition, reduced muscle
spasticity and improved nerve conduction were demonstrated through changes in H-reflex and F-wave measurements.
The study concluded that FES in stroke rehabilitation patients appeared to improve functional outcomes and enhance
motor control. Limitations of this study include its lack of a multicenter, double-blinded design, randomization,
individualized FES parameters, patient adherence assessment, long-term follow-up, exploration of underlying
mechanisms of treatment, and potential confounding factors control.

An RCT conducted between September 2022 and February 2023 by Elhamrawy et al. (2024) aimed to determine the
effects of FES for intrascapular muscles on trunk performance, balance, and scapular position in older participants who
were post hemiparetic stroke. The secondary outcome was to evaluate functional performance of those participants.
Inclusion criteria were participants 60 years of age or older (of both sexes); first-time right or left cerebrovascular accident
(CVA) in the preceding 6 months, with damage to the cerebral cortex (confirmed by computed tomography, MRI, medical
chart, or neurological examination); ability to stand and walk independently; and a Modified Ashworth Scale of less than or
equal to 1 plus. Participants with shoulder dysfunction prior to or post stroke (dislocation or subluxation), upper limb splint
usage, behavioral abnormalities, orthopedic or neurological problems, epilepsy, or paralysis neglect were excluded from
participation. Overall, 51 participants were assessed for eligibility, and 17 were excluded for not meeting exclusion criteria
(n = 12), for declining to participate (n = 3), or for other reasons (n = 2). There were 34 participants enrolled and
randomized through a computer-based program into two groups (17 participants each): the control (CON) group and the
FES group. The CON group underwent 45 minutes of core stabilization exercises (CSEs) only 4 days a week for 12
weeks. Each session consisted of balance and core stability exercises, in which each exercise was repeated 15 to 20
times. The FES group underwent FES to the paretic side of the intrascapular muscle 30 minutes a day, followed by 45
minutes of CSEs 4 days a week for the first 6 weeks, and then 45 minutes of CSEs only 4 days a week for the next 6
weeks. Results for spinal performance, scapular position, balance, and function at baseline were measured using the
Trunk Impairment Scale (TIS) and Postural Assessment Scale for Stroke (PASS). A palpation meter was used in
measuring the horizontal distance of the scapular position. Timed Up and Go (TUG) and the Berg Balance Scale (BBS)
were used in evaluating fall prediction, functional mobility, and reaction rate. The Barthel Index assessed the participants’
ability to perform ADL. Effect sizes were statistically measured with IBM SPSS Statistics, using Cohen d (d) for effect
sizes by averaging the difference between baseline, 6-week, and 12-week results. There was not a significant difference
between participants in their baseline assessments. There was a significant improvement in the CON group, with a large
effect size (d between 1.1 and 3.7) at 6 and 12 weeks (p < 0.001) in the PASS, BBS, TUG, TIS, and Barthel Index. The
scapular position was statistically insignificant but clinically significant in reduction at the 6- and 12-week comparison to
baseline results (p = 0.49496, d = 0.6; p = 0.4113, d = 0.8). Significant improvements, with a large effect size (d between
1.9 and 8.9) at 6 and 12 weeks (p < 0.0001), were observed in the TUG, Barthel Index, TIS, PASS, and scapular position.
Comparisons between the CON and FES groups showed significant differences (p < 0.05) at 6 and 12 weeks in the BBS,
Barthel Index, and TIS and at 12 weeks only in the TUG and PASS. Scapular position was also in favor of the FES group
(p = 0.054). A small sample size and lack of a true control group and long-term follow-up are the limitations of this study.
The authors concluded that significant improvement was observed in shoulder muscle power, shoulder position, and
scapular alignment in using FES for interscapular muscles. CSEs, in combination with FES, have a beneficial effect on
improving balance, ADL, postural adjustment, scapular alignment, and trunk performance in older individuals who have
had a stroke.
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Galvéo et al. (2024) conducted a systematic review and meta-analysis to analyze the efficacy and effectiveness of cycling
using FES, either combined with exercise programs or alone, to improve strength, balance, trunk control, walking speed,
walking distance, and ADL in individuals in early, subacute CVA recovery. The study included five RCTs, with 187
individuals (age range, 56-74 years) who were within 16 and 60 days of poststroke recovery. The authors reported that
cycling using FES combined with exercise programs promoted relevant benefits in trunk control and walking distance and
that cycling using FES alone compared with exercise programs promoted similar benefits in strength, balance, walking
speed, walking distance, and ADL. Limitations of the study include the heterogeneity in the parameters used in the studies
and in the FES; systems used; limited number of studies available for inclusion; and lack of standardization in the motor
impairment definition of the individuals included in the studies. The authors concluded that their systematic review
provided low- to moderate-quality evidence that cycling using FES may be an effective strategy to consider in improving
motor function and activity outcomes in individuals in the early, subacute phase of CVA recovery.

Matsumoto et al. (2023) conducted a multicenter, randomized controlled, open-label trial in 203 adult Japanese
participants, aged 25 to 85 years, who had experienced an initial stroke within 6 months of the study and had poststroke
sequelae, including hemiplegic gait disorder (foot drop). The participants were divided into a treatment arm that received
FES (n = 102) and a control group (n = 101); 84 participants in the FES group and 85 participants in the control group
completed the study. The data of the primary outcome for 184 participants (92 in each group) were analyzed after
excluding 19 participants who did not receive any intervention or whose data were not available. The participants in the
FES group underwent a 40-minute training program, 5 days a week for 8 weeks, receiving FES via the WalkAide device,
while participants in the control group received a 40-minute training program without FES, 5 days a week for 8 weeks. The
authors reported that FES did not significantly improve the distance covered by poststroke participants with foot drop in
the barefoot 6-Minute Walk Test (6MWT) and that there were no group differences in walking speed, cadence, or
functional ambulation classification grade in the FES group; however, there was a tendency toward improved receptivity to
gait. The authors concluded that the use of FES did not show efficacy in the convalescent treatment of Japanese
participants with stroke and foot drop.

Sannyasi et al. (2022) conducted a single-center, prospective, crossover study to compare the gait parameters in
participants with foot drop following stroke for at least 3 months using an AFO and FES. The study included 20
participants (19 male participants and one female participant) who had hemiplegia following a CVA. The patrticipants were
divided into two groups of 10 each (group A and group B) and were observed to see if the order of use for AFO and FES
had any effect on the outcome. All participants received 2 hours of gait training every day for 2 weeks, in addition to their
regular physical and occupational therapy. The participants in group A received gait training with AFO for the first week,
followed by FES using the WalkAide device during the second week, while group B received gait training with FES using
the WalkAide in the first week and AFO during the second week. Participant satisfaction and primary and secondary
outcome measures were gathered on day 1 and at the end of each week after training with the AFO or FES device. The
authors reported that a statistically significant improvement in gait speed and walking endurance was seen with both AFO
and FES compared with baseline and that there was a statistically significant improvement between the groups in favor of
FES for gait speed and walking endurance. The authors also reported that there was a statistically significant
improvement in time to complete the TUG test (the time it takes to get up from a chair, walk 3 meters, and return to sit on
the chair) among users of FES compared with AFO users and that FES exhibited statistically significant improvement in
stance-swing ratio and single-limb support on the paretic limb compared with AFO. The order of the trial did not show any
effect on outcome measures between groups, except for the 6MWT. Limitations of the study include the single-center
design, short duration of the FES intervention, and high predominance of male vs female participants in the study. The
authors concluded that the study showed that both AFO and FES had significant improvement in gait parameters
compared with barefoot walking and that FES users demonstrated statistically significant improvement in walking speed
and endurance compared with AFO users. The authors recommended further trials to evaluate the long-term therapeutic
benefits, carryover effects, and cost-effectiveness of FES devices for the management of foot drop.

In their Health Technology Assessment on the effectiveness of rehabilitative FES for foot drop in individuals during the
acute or subacute phases of stroke recovery, Hayes (2022a; updated 2025) reviewed 10 studies, including nine RCTs
and one crossover RCT. The studies varied in their evaluation of FES relative to no placebo or placebo FES, the use of
an AFO, and adjunct use of electromechanical gait training and NMES. The update for 2025 found two newly published
RCTs; however, their ratings and conclusions remained unchanged. The Health Technology Assessment stated that there
is an overall low-quality body of evidence due to the study limitations (including small sample sizes, attrition, lack of power
analysis or blinding, and short-term follow-up), use of different FES devices among the studies, variation in treatment
intensity among the studies, limited number of studies for the different comparators, inconsistencies in the evidence of
benefit, and insufficient follow-up to assess long-term durability of the benefit of FES. The report concluded that while FES
treatment appeared relatively safe, there was particular concern across the studies regarding the lack of consistent
evidence that FES improved measures of functional recovery and QOL. They recommended additional RCTs, with better
standardization of FES devices and treatment protocols with longer follow-up, to establish whether FES improves
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outcomes related to conservative therapies for foot drop due to stroke that has occurred less than 1 year prior to starting
treatment with FES.

Hayes (2022b; updated 2025) also published a Health Technology Assessment on the effectiveness of FES for foot drop
in the chronic phase of stroke recovery that identified eight RCTs and one crossover RCT, which evaluated FES for the
treatment of foot drop in individuals who had experienced a CVA 1 year or more before starting FES. In the most recent
update, Hayes has not identified any newly published studies since their 2022 report, so their recommendations remain
unchanged. The report stated that the body of evidence for assistive FES with skin-surface electrodes and for
rehabilitative FES with skin-surface electrodes was low in quality, while the body of evidence for assistive FES with
implanted electrodes was very low in quality. The studies in the Health Technology Assessment were downgraded to fair
quality due to limitations in the study designs (small size, dropout rate, incomplete statistical analysis, lack of complication
reporting, lack of blinding or blind analysis of data, low intensity or short duration of FES treatment, and/or short follow-up
periods). The Health Technology Assessment concluded that FES with skin-surface electrodes did not provide any
statistically significant improvements in walking, stroke recovery, or QOL measures compared with AFOs. However, when
assistive use of FES with skin-surface electrodes was compared with conservative therapies that included AFOs or with
no FES in individuals undergoing PT for gait disorders, the evidence showed limited improvements. The report
recommended additional RCTs to demonstrate the benefit of the assistive use of FES relative to AFOs and to the benefit
of the rehabilitative use of FES to ascertain the reliability and durability of benefits that may diminish in the long term once
FES is discontinued.

A Clinical Evidence Assessment published by ECRI (2022) on the safety and effectiveness of FES for physical
rehabilitation in individuals with hand paralysis found that functional neuromuscular stimulation improved hand function
when used to supplement rehabilitation in individuals with chronic paresis due to stroke but not in individuals with acute or
subacute paresis. The Clinical Evidence Assessment included a systematic review with meta-analysis of 26 RCTs
(including the Jonsdottir et al., 2017, study below) and review of an additional seven RCTs that were of a high risk of bias
from small sample sizes and a single-center focus. The authors indicated that the meta-analysis reported pooled
outcomes, with sufficient precision to support conclusions; however, study heterogeneity was significant, limiting the
generalizability of the findings to specific individual populations. They noted that most of the studies in the systematic
review and the additional studies involved prototype or research devices, so the findings may not fully generalize to
individuals treated with commercial devices in clinical practice.

Loh et al. (2022) completed a meta-analysis of six RCTs published between 2012 and 2020 to evaluate the effectiveness
of contralaterally controlled FES (CCFES) compared with that of NMES on upper extremity motor recovery in poststroke
individuals. The studies included a combined 267 individuals [137 in the CCFES treatment group and 130 in the cyclic
NMES (cNMES) group] during various phases of poststroke recovery, with one that investigated acute-phase stroke, one
that studied chronic-phase stroke, three that evaluated subacute-phase stroke, and one that studied both subacute- and
chronic-phase stroke. The individuals in both intervention groups in all the RCTs received treatment and background
interventions for the same length of time. The risk-of-bias assessment indicated that four studies were identified as low
risk, one was identified as having some concerns, and one was identified as high risk. The authors stated that the results
of their meta-analysis showed that the CCFES group demonstrated greater improvement than the NMES group in Upper
Extremity Fugl-Meyer Assessment (FMA) scores (included in all studies), the Box and Block Test (included in three
studies), active ROM (AROM) measurements (included in four studies), and the modified Barthel Index (included in two
studies); however, results for the Arm Motor Ability Test (included in three studies) did not differ significantly between
stimulation types. Limitations noted by the authors include the lack of blinding in all the studies, small number of RCTs
included (half of them originated from the same authors), and variability of the phase of stroke recovery or severity of
impairment at baseline; additionally, all the comparison groups included only NMES. The authors concluded that CCFES
might be an alternative form of intervention for poststroke treatment that may facilitate upper extremity motor function
recovery. They recommended more RCTs to verify the efficacy and effects of CCFES and to compare CCFES with other
modalities or interventions.

Hayes published a Health Technology Assessment that provided a comparative effectiveness review on the use of FES in
addition to conventional occupational and PT (COPT) compared with COPT alone for upper extremity rehabilitation post
stroke. The review included 10 RCTs (including the Jonsdottir et al., 2017, study below) and found that the addition of
FES to COPT is at least as effective as COPT alone for improving some outcomes in poststroke individuals undergoing
upper extremity rehabilitation, with some studies showing improvement in ADL, motor function, and shoulder subluxation.
The results were mixed, the overall body of evidence was of low quality, and there was a lack of clarity regarding clinically
meaningful changes. The report also noted that the efficacy of FES with COPT is similar to that of COPT alone regarding
spasticity outcomes. The report concluded that additional information is needed to determine (1) whether FES
effectiveness varies by the type, location, or chronicity of the stroke, (2) that long-term (> 18 months) efficacy is needed,
and (3) that optimal parameters for FES treatment have yet to be established (2021; updated 2022).
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A systematic review and meta-analysis by Jaqueline da Cunha et al. (2021) evaluated the effectiveness of FES applied to
the paretic peroneal nerve and its influence on gait speed, active ankle dorsiflexion mobility, balance, and functional
mobility. Electronic databases were searched for RCTs or crossover trials that focused on the effectiveness of FES with or
without other therapies in individuals with foot drop after stroke. The review included 14 studies that provided data for
1,115 individuals who had sustained a stroke between less than 1 month and 108 months prior to their study participation.
The study demonstrated that FES alone did not enhance gait speed compared with conventional treatments, although
when FES was combined with supervised exercises, gait speed was better than supervised exercises alone. It also
showed that FES had no effect when combined with unsupervised exercises on gait speed and that the data were
inconclusive when FES was combined with regular activities at home. When FES was compared with conventional
treatments, the analysis determined that it improved ankle dorsiflexion, balance, and functional mobility. The authors
concluded that the meta-analysis showed that the quality of evidence was low for positive effects of FES on gait speed
when combined with PT and that FES can improve ankle dorsiflexion, balance, and functional mobility. They stated that
the results of the systematic review and meta-analysis should be interpreted carefully, considering the low quality of
evidence and high heterogeneity of the data.

ECRI published a Clinical Evidence Assessment on the MyndMove FES device that has been developed to improve
voluntary hand and arm movement in individuals with paralysis after a stroke or SCI. However, the focus of the ECRI
report was on the device’s safety and efficacy in adults post stroke. The report determined that the evidence is
inconclusive due to limited available published evidence that included two very small, single-center, unblinded RCTs and
one pre-post study. ECRI concluded that the studies are at too high of a risk of bias to be conclusive and that larger,
multicenter RCTs are needed to demonstrate improvement in pain, spasticity, or QOL and to demonstrate that the
benefits of the device are sustainable after therapy completion (2020).

Nascimento et al. (2020) conducted a systematic review and meta-analysis to evaluate the efficacy of AFOs and FES to
the pre-tibialis muscle applied throughout the day to reduce foot drop after stroke. The review included 11 parallel RCTs
that assessed the use of AFOs and FES on walking speed and balance in ambulatory adults who were moderately
disabled following their stroke. The RCTs included 1,135 individuals between 47 and 65 years of age who were in both
acute and chronic phases of recovery. The authors reported that an AFO with FES significantly increased walking speed
compared with no intervention/placebo; however, the results regarding the efficacy of an AFO with FES on balance were
inconclusive. The meta-analysis also found that AFOs alone were not superior to FES for improving walking speed or
balance after stroke. The authors concluded that the systematic review provided moderate-quality evidence that both
AFOs and FES improve walking speed after stroke, but the effects on balance remain unclear. The limitations of the
review identified by the authors include the lack of blinding of the therapists, individuals, and assessors; lack of description
of whether an intention-to-treat analysis was done; small number of included studies; and variation across trials in the
number of individuals per group. There was also a lack of evaluation of the maintenance of effects beyond the intervention
period. The authors recommended that future RCTs investigate the effects on clinical outcomes related to social
participation and adverse events in people with stroke.

A systematic and meta-analysis by Eraifej et al. aimed to evaluate the effectiveness of poststroke upper limb FES on ADL
and motor outcomes. A systematic review of RCTs from MEDLINE, PsycINFO, Embase, CENTRAL, ISRCTN
(International Standard Randomised Controlled Trial Number), ICTRP (International Clinical Trials Registry Platform), and
ClinicalTrials.gov was performed. Overall, 20 studies met the inclusion criteria. The outcomes were ADL (primary),
functional motor ability (secondary), and other motor outcomes (tertiary). Quality assessment was determined using
GRADE (Grading of Recommendations Assessment, Development, and Evaluation) criteria. In six studies, no significant
benefit of FES was found for objective ADL measures (67 individuals in the FES group). A significant benefit on ADL was
demonstrated in an analysis of three studies, in which FES was initiated, on average, within 2 months post stroke (n =
32). No significant ADL improvements were seen in three studies, in which FES was initiated more than 1 year after
stroke (n = 35). Quality assessment using GRADE found very low-quality evidence in all analyses due to heterogeneity,
the low numbers of individuals, and the lack of blinding. Meta-analyses gave rise to certain limitations, including but not
limited to the use of many different measurement instruments; additionally, only a minority were used by more than a few
studies, and blinding of individuals was inadequate in most studies. 