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Introduction to FES 

 Functional Electrical Stimulation (FES) is a physical therapy treatment modality that 

incorporates the use of neuromuscular electrical stimulation with functional movement. It is 

commonly used for individuals who have neuromuscular impairments that are the result of a 

stroke, traumatic brain injury, degenerative neurological disease, or peripheral denervation. 

Individuals with these conditions have abnormalities in their neural impulses, thereby reducing 

the force of contraction, causing spasticity, or affecting muscle tone. However, FES can provide 

the energy needed to contract muscles that are needed for performance of daily activities.  

 Interestingly enough, people with the aforementioned conditions are not the only ones 

who can benefit from FES. Over the past 20-25 years, a progressively increasing number of 

studies have been published showing that this treatment strategy can be used with patients 

with incomplete spinal cord injury. The purpose of this review is to provide the reader with 

information regarding different types of units that can be used for implementing functional 

electrical stimulation, how to set up parameters to ensure the most effective treatment session 

with FES, different treatment techniques to use with FES in this of patient population, and what 

the latest research is finding. 

 

 



The Mechanics Behind FES 

 Electrical stimulation can also be used to strengthen individual muscle groups 

throughout the lower extremity, upper extremity, and torso. For the purposes of this paper, we 

will focus mostly on lower extremity versus upper extremity strengthening.  

 FES can be performed by applying the leads from the electrical stimulation units to the 

target muscle groups, then performing activities that target concentric contraction of these 

muscle groups while simultaneously providing stimulation simultaneously from the unit. This is 

commonly performed with patients post-orthopedic surgery, but it can also be performed with 

the neurological population. This technique is not functional itself, but the strength built doing 

these activities with targeted muscle groups can help facilitate functional movements later on 

in the treatment progression. 

 FES can be used to assist with many functional movements. The most thoroughly 

researched of these functional movements is ambulation. FES can be used to facilitate 

ambulation by applying electrodes to muscles that are producing inadequate force at various 

points throughout the gait cycle. These muscles can then be sequentially stimulated to facilitate 

progression throughout the gait cycle in a normal pattern. This is commonly used for patients 

with foot drop, weak quadriceps, or weak hamstrings. 

 FES can also be used to facilitate transfers. In patients with weaknesses in lower 

extremity muscle groups the use of stimulation can facilitate transfers into and out of 

wheelchairs, chairs, and beds. In patients with upper extremity weaknesses, FES can facilitate 

transfers in or out of the supine position or with slide board transfers. 



 There are different types of units that are available for physical therapists to use to 

implement FES. The most generic units used are standard bipolar handheld units. These units 

have two to four channels, with each channel having both an anode and a cathode. The anode 

and cathode of each channel are applied to individual muscles or muscle groups, and the 

therapist can either sequence the timing of their elicitation, or manually control each individual 

channel, depending on the unit being used. Unfortunately, this type of unit has many 

drawbacks. It has significant potential for error, as there is no feedback provided to the unit 

from the body, it relies solely on instructor skill and experience, and there is no way for patients 

to use it outside of the clinic to complete functional tasks without proper training. 

 There are also much larger FES units that are not handheld, but rather, sit on a table or 

counter. These units tend to have 4-8 channels, and function similarly to the handheld units. 

However, unless these units sit on a table with wheels, they are limited in their functionality. If 

they are not on a mobile table or counter, they cannot be used for over ground gait training. 

Furthermore, if they are on a counter or tabletop they will require another therapist to ensure 

safe mobility of the unit. 

 Technology has now advanced to a level where FES can be applied based on the 

patient’s body positioning. Bioness and WalkAid are two different companies that have 

manufactured units that elicit stimulation to specific muscle groups based on body positioning. 

Two different types of lower extremity units are available. Some units provide stimulation 

based on the angle of the knee during the gait cycle. Other units provide stimulation based on 

heel strike or foot contact.1–4 Overall, these stimulation units tend to be more easily applicable 

than handheld or table-top units. The major drawback is that they are very expensive ($3,000-



5,000), and most insurer’s will not pay for them.3 However, both Bioness and WalkAide are 

working with Medicaid with the hope that they can become a part of regular coverage.3 

Currently, health care providers must write a letter of medical necessity, supported by changes 

in outcome measures observed with the use of FES, to send to insurance companies. 

  

Parameters to Use When Applying FES 

 When applying FES to patients in the population of individuals with incomplete spinal 

cord injury, the therapist should consider different factors related to stimulation parameters. 

When working with the non-affected population of patients, there are many different types of 

waveforms that can be used. Biphasic symmetrical, asymmetrical, and uniphasic wave forms 

tend to be the most effective for individuals with incomplete spinal cord injury.5,6 Selection of 

the specific type of waveform may be guided by the patient’s dermatomal responses. When 

working in a region of the body with diminished sensation, the therapist should opt for 

symmetrical biphasic waveform. This type of waveform tends to produce less skin irritation 

than the other two waveforms.7 Therefore, when applying stimulation to this region of 

diminished sensation, this waveform can decrease the likelihood of skin damage. However, 

when working in regions of the body with intact sensation, our selection should be dictated 

based on muscle size. Larger muscle groups tend to respond better to symmetrical biphasic 

waveforms, whereas small muscle groups respond better to asymmetrical biphasic currents.8 

 When working with this patient population, frequency should be selected based on the 

location of the body part being stimulated. Upper extremity muscle groups tend to respond 

better to frequencies below 30 Hz.5 Any stimulation above this level can lead to a functional 



decline in the amount of force that is able to be produced.5 However, when working with upper 

extremity muscles, frequencies between 12-16 Hz tend to be the most effective at eliciting 

strong contractions.6 

 When working with the lower extremities, the general rule of thumb is to use higher 

frequencies to elicit stronger contractions. The target range is 20-50 Hz, with most muscles 

responding well to 30-35 Hz.5 Anything below 16 Hz will not be sufficient enough to elicit a 

strong contraction.5 But, frequencies of 50 Hz or above tend to fatigue the muscle and can 

reduce the amount of force produced.5 Therefore, we should try to work within a range of 20-

50 Hz, and only raise the frequency above that if the patient is not responding well to 

frequencies within that range. 

 The duration that is recommended for use in this patient population is 300-600 µs, 

however, some research shows that longer durations between 500-1000 µs, and decreased 

frequency, can lead to less muscle fatigue.5,9 Therefore, for a patient who is just beginning the 

FES treatment protocol, it may be beneficial to try a lower frequency and longer duration to 

allow the patient to slowly adapt to the stimulation. If our only goal with FES is to increase the 

amount of force being produced, then we can utilize shorter durations and higher 

frequencies.10 Shortening duration and increasing frequency can produce contractions involving 

recruitment of more fast-twitch muscle fibers, but this sacrifices endurance.5,10 In summary, 

when using FES with this patient population, intervention goal(s) should be considered as part 

of the process of selecting duration and frequency, because different combinations of 

parameter values can change the overall effect of the treatment. 



 Finally, intensity is another FES parameter which must be determined. There is no 

evidence that supports one level of intensity over another. Therefore, intensity should be 

gauged based on patient comfort. In the situations in which sensation is compromised in a limb, 

intensity should be tested on a non-affected limb to help determine a baseline. If stimulation of 

the affected limb elicits an appropriate contraction at a lower intensity than is seen with the 

non-affected limb, then the lower intensity should be used.  

  

Benefits and Contraindications 

 FES has been shown to benefit patients with incomplete spinal cord injury in a number 

of ways. For patients who have intact or partially intact innervation, and therefore, resultant 

muscle function, FES can improve muscle strength and increase the bulk of muscle groups.7 FES 

also has the potential to affect the neurological system. When combined with physical therapy, 

it can induce reorganization of central nervous system circuits to improve functional 

capabilities.11   

 For patients who rely on a therapist or care-provider to assist with transfers, FES can 

increase level of independence.7 For individuals with difficulty with standing balance or 

ambulation, beneficial effects of FES for improving kinematics and sequencing of gait have been 

demonstrated.2,7 In patients with bowl and bladder issues, functional electrical stimulation 

systems have been designed to help reduce incontinence.7 These come in the form of 

superficial or implanted units. Finally, for individuals exhibiting depressive symptoms as a result 

of decreased independence, decreased functional capacity, or reduced endurance, FES may 



improve quality of life by helping to alleviate these deficits.7,12 Given all of these potential 

benefits, FES is a promising tool for selected patients with incomplete spinal cord injury.  

 Appropriate patients for use of FES to facilitate gait training are patients with 

incomplete lesions between T4 and T12 who have some innervation to their lower extremity 

musculature.7 Lesions above this level place the patient at risk for autonomic dysreflexia, and 

lesions below this level place the patient at risk for bowel and bladder issues. The patient 

should also be motivated and willing to participate in this type of treatment. They should also 

have enough upper extremity function to be able to manage an assistive device. Finally, they 

should not have any spasticity that could hinder the gait sequence or their ability to maintain 

standing balance.7 

 Not every patient meeting all of these criteria is appropriate for FES. There are many 

absolute and relative contraindications that also need to be considered. Patients with 

electronic implants (pacemakers, DBS systems, etc.) can be at risk for serious bodily damage 

when FES comes in contact with their implanted device.13 FES should not be placed over the 

heart, face or head, or damaged skin, as the stimulation unit can interfere with cardiac rhythm, 

neural relay, and the body’s innate recovery processes, respectively.13 Other common 

conditions to take into account are skin infection, deep vein thrombosis, pregnancy, bladder 

fibrosis, and hemorrhage.7,13 If a patient has any of these conditions, FES should not be used on 

or near the involved region of the body. 

 

 

 



Evidence surrounding the use of FES and Incomplete SCI 

 As shown in the accompanying evidence table, there are numerous studies that 

compare functional electrical stimulation with the gait training modalities or physical therapy 

treatment protocols. Among these studies, there is a general consensus that gait training with 

functional electrical stimulation has a variety of benefits for patients with incomplete spinal 

cord injury, regardless of whether treadmill training is involved.14–16  However, when treadmill 

training is performed, the improvements in gait speed and and carryover effects tend to not be 

as large as when gait training with functional electrical simulation is performed over ground.17 

Furthermore, ambulating on a treadmill demands less force production from muscle groups 

when compared to gait training over ground.17  When a patient who participated in gait training 

on a treadmill translates their learned gait motor program to the ground, they tend to have 

reduced performance due to the new force and energy demand. Therefore, if a patient is able 

to tolerate over-ground gait training, the therapist should opt for this over gait training on a 

treadmill, as it translates better to functional movement in the household and throughout the 

community. 

 It is also important to consider how gait training with FES affects outcomes in 

comparison to other gait training devices or techniques. Three different systematic reviews 

have addressed this, providing high-level evidence on how effective FES is when compared to 

other devices. Although each of these systematic reviews assessed different forms of gait 

training in different capacities, each of them came to a similar conclusion: functional electrical 

stimulation is equally as effective as other forms of gait training. In some outcome measures, 

such as the 6-minute walk test, both the over-ground gait training + FES and body weight 



supported treadmill training + FES groups had significant improvements when compared to the 

Lokomat and BWSTT only groups.18 Also, with the population of patients with acute incomplete 

spinal cord injury, the groups receiving FES had significant increases in their stride lengths.18 

However, for other outcome measures, no significant differences were found between groups 

receiving FES and not receiving FES .18–20 Therefore, when implementing gait training into 

treatment, our goal for the patient is to improve gait speed, FES may be a good treatment tool. 

However, the results we will see this treatment strategy may depend on the patient’s stage of 

recovery and prior level of function.21 

 If a patient’s goal is to be able to be able to be able to go shopping at their local mall, we 

may make a goal for them related to distance and assess by using the 6-minute-walk-test 

(6MWT) as our outcome measure. With both of these patient goals, we need to consider 

different gait training strategies. Current research suggests that FES may be the best option to 

achieve a goal for improving distance travelled during the 6MWT.18,20 Comparatively, it is also 

suggested that the therapist should avoid using a robotic orthosis.18,20 If the goal for the patient 

is to be able to safely walk around their community, we could assess that using the 10m walk 

test. FES may be able to significantly increase gait speed, especially if it is used combined with 

an AFO.22 This would help the patient achieve the cutoff score of .4 m/s for limited community 

ambulation or .8 m/s for community ambulation on the 10m walk test.23 If the patient’s goal is 

to improve their lower extremity and upper extremity strength, moderate-level evidence 

suggests that combining FES with upper and lower extremity cycle ergometry using reciprocal 

movements may be the best option.24 



 It is also important to consider the potential effects of FES will have on a patient prior to 

administering it. For example, patients with active muscle contraction below the level of the 

lesion in the acute setting, and who are able to perform some level of ambulation at initial 

evaluation are likely to experience greater benefits from the implementation of FES than 

patients with little muscle function or ambulation ability.18 In the chronic setting, this 

phenomenon is reversed. A patient with minimal muscle function and a lower functional level 

may have a greater change in function with FES implemented than a patient who is functioning 

at a higher level.15,18 

Conclusion 

 In conclusion, FES can be an effective treatment tool for patients with incomplete spinal 

cord injury. The therapist must ensure that the patient meets the inclusion criteria, does not 

have any absolute contraindications, and is otherwise appropriate for the intervention and 

likely to benefit from it. One of the most important criteria to consider when deciding whether 

or not to use FES is: how will implementing this affect the patient’s goal attainment? This 

should be considered because certain outcomes are more influenced by FES than others. 

However, once the potential costs and benefits are weighed and the plan for FES is established, 

the patient may experience improvements in outcomes that are similar to, or greater than, 

those achieved with use of other forms of gait training. 
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