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The toolkit has been specifically designed for the implementation of functional electrical stimulation 
(FES) cycling for spinal cord injury (SCI) rehabilitation using the RT 300 FES leg cycle at the University 
of Alberta Hospital and the Royal Alexandra Hospital located in Edmonton, Alberta with the expertise 

of multiple stakeholders. However, this toolkit may be used to inform FES cycling rehabilitation at 
other sites, settings, and for other conditions.
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10Glenrose Hospital, Alberta Health Services, Edmonton, Alberta “Well, I was going to take [FES cycling] as far as I possibly could. 

The difference between being in a wheelchair and walking in a 
walker is like flying to the moon. I mean, it’s just so different. A 
lot of people I don’t think realize that….And, of course, going from 
the walker to a cane, and then from dropping the cane, it’s just 
each step is like going to a completely new planet. So, it is quite 
remarkable.”

- FES Cycling User

“
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1. About

Aim: To provide people living with spinal cord injury (SCI) and their loved ones with easy 
access to evidence-based material to help integrate functional electrical stimulation 
(FES) cycling into acute care for SCI rehabilitation.

FES cycling uses electrical impulses to stimulate and contract muscles. In response, 
cycling occurs using the legs and/or arms. Earlier studies that tested FES cycling for SCI 
rehabilitation in acute care showed that FES cycling can prevent the loss of muscle mass, 
increase muscle power, and decrease the rate of bone mineral density loss. If you start 
to use FES cycling as early as possible, you may have the best results. People with SCI 
have started FES cycling as early as two to three weeks after their injury. The people who 
participated in the study experienced very few side effects. Not many people dropped 
out of these studies. Also, people living with SCI would like to start activity-based therapy 
(ABT), which helps recovery, as soon as possible in their rehabilitation. FES cycling is an 
example of this type of therapy.

People with SCI reported that FES cycling helped them to: 
• Feel happy to see the contraction of paralyzed muscles.
• Feel healthy.
• Maintain their fitness level.
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2. How can FES cycling help me?
a. Benefits 

International Standards for Neurological Classification of Spinal Cord Injury

Target area Potential benefit from FES cycling

Cardiovascular

• Improve blood flow
• Decrease glucose and insulin levels in blood
• Improve and maintain cardiovascular conditioning
• Increase in lean muscle mass and capillary numbers

Muscle health and  
movement

• Increase muscle size and strength
• Improve muscle composition
• Improve fatigue resistance
• Improve rate of soft tissue healing
• Reduce swelling
• Prevent disuse atrophy

Bone health

• Prevent loss of bone mineral density
• Improve bone health in lower limbs
• Improve rate of fracture healing
• Increase joint range of motion

Spasms and spasticity

• Reduce frequency and/or intensity of muscle spasms
• Reduce effects of spasticity

Cardiometabolic
• Reduce amount of adipose tissue

Secondary complications

• Decrease chance of infections
• Decrease chance of pressure injuries
• Decrease chance of fractures

Other
• Increase ISNSCI* score in lower extremity
• Recovery of movement below the level of the injury

b. Is FES cycling right for me?

Functional electrical stimulation (FES) cycling should aways be performed according 
to established guidelines, using the right safety precautions. You should consult with a 
health care provider to set up the bike and FES settings at these times:

• Before you start the program
• If you want to progress (example: increase the resistance, change the stimulation 

settings)
• If you restart the program
• If you change from one bike model to another

These problems could happen, but with proper guidance and monitoring from your 
health care providers, these effects will be less likely. Some may never happen.
The potential problems related to FES cycling may be:
• Fatigue - this might happen because there are series of metabolic activities going on 

in the body during exercise that can cause tiredness, but these feelings are temporary. 
• Brief drop in blood pressure – because the SCI disturbs the normal regulation of the 

blood pressure. This effect lasts only a short time. 
• Increased spasticity - may be triggered by the leg movement.
• Light-headedness – make sure that you are hydrated, get enough rest, and check 

your blood pressure if it tends to be low. Make sure that you take your blood pressure 
medication if you have a prescription. 

• Skin injury or damage - This might happen if you are not set up properly in the FES 
cycle. Safe transfer techniques, use of hypoallergenic electrodes, proper use of the 
electrodes, and control of the stimulation intensity can reduce the likelihood this will 
happen.

• Incontinence -  This is unlikely if you go to the bathroom or schedule your bowel 
routine before cycling.

• Leg swelling - Proper positioning (elevating legs) and compressive stockings can 
help. 

• Autonomic dysreflexia – only if your injury is at T6 or above. If you are aware of the 
condition and know how to manage it, it won’t be a problem. It is recommended that 
you discuss it with your health care provider. 

• Quadriceps hematoma – this is rare and usually happens only with vigorous exercise.
• Bone fracture - This is rare and might happen if you have a severe muscle spasm 

and/or severe osteoporosis. 

http://asia-spinalinjury.org/international-standards-neurological-classification-sci-isncsci-worksheet/
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a. What are the reasons I should try FES cycling?

b. What are the reasons I might need to avoid FES 
    cycling?

Functional electrical stimulation cycling is an effective way to 
improve or prevent some of the problems you could experience 
after SCI. You can consider using FES cycling to address these 
conditions or problems:

• Loss of muscle mass 
• Reduced leg strength or power
• Muscle or joint tightness (spasticity or contractures)
• High or unfavorable body fat percentage or body mass 

index 
• Loss of bone mineral density 
• Perceived poor quality of life, low self esteem or reduced 

sense of wellbeing
• Reduced physical endurance or lung function 
• Poor blood sugar control  
• Excessive fatigue 
• Swelling Pain

With these conditions, you might be able to try FES cycling, but 
you need to ask your medical doctor first. If you have any of the 
conditions below, doing FES cycling could increase the chance you 
might get injured, make a current health condition worse, or it may 
mean that FES cycling is not right for you. 
DO NOT engage in an FES cycling program (unless you have had 
clearance from your medical doctor) for these reasons. They are 
listed in order from the least harmful to the most harmful:

Lowest risk of harm or injury

Moderate risk of harm or injury

Special Consideration

Highest risk of harm or injury

3. Indications, Contraindications and  
    Precautions

8

Contraindication Description Severity

Complete rotator cuff 
tear This applies to arm cycling only.

Pressure ulcers in 
buttocks 
or legs

This may depend on the severity of the 
sores and  what precautions the health 
care providers are able to take.

Cardiac demand 
pacemaker (if applied 
to thoracic wall)

Consult your medical doctor first. Details 
are provided in the pop out box within the 
health care provider toolkit. 

Fractures 

It could increase the bleeding and 
pain around the fracture site and other 
complications. This applies to recent lower 
limb fractures or unstable fractures (past 
6 months), fragility fractures, long bone, or 
pelvic fractures. 

Pregnancy It has not been tested in pregnant women.

“The effects of cycling usually lasted two, sometimes three, 
days after the cycling. [The] legs were more limber, [and] 
spasms were not so aggressive. I think it improved overall 
health afterwards. And the longer in between sessions, 
[limbs] would get stiff, and [the] spasms [would] be more 
aggressive and harder to control, so [I’ve] definitely seen 
that benefit there.”

- FES Cycling User

“
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Precaution Description Severity

Lower motor neuron 
involvement 

Lower motor neuron injury, no spinal reflexes, 
degenerative neurological diseases, or total 
denervation, where FES will not work. Also, flaccid 
paralysis in response to FES.

Difficulties understanding, 
communicating, or 
symptoms of severe 
depression, anxiety or 
cognition limitations

Make sure that everyone involved with FES cycling 
fully understands what they need to do. If you 
don’t feel like cycling today, you can always 
decrease the session time, or try something else.

c. With these conditions, I can try FES cycling, but proceed with caution

Proceed carefully with FES cycling if you have any of the conditions listed below, make 
sure that you speak with your healthcare provider and continue to closely monitor your 
response to FES cycling. 

These are precautions to FES cycling ranked in order from least to most harmful:

Active infectious disease This may depend on the severity and area the 
disease affects. 

Muscle or joint stiffness 
that prevent you from 
being able to pedal the 
bike

Muscle or joint stiffness that allows you to pedal 
the bike may not be a problem. 

Heterotopic ossification

This is severe joint calcification. Consult with 
your health care provider about the settings 
of the stimulation and the bike, as well as bike 
adjustments. FES should be away from the site of 
the injury.

Metal implants (screws, 
pins, plates, some total 
joint  replacement 
hardware)

If these are newly placed

Uncontrolled pain or a 
diagnosis of complex 
regional pain syndrome 

Decide if the pain is too much for you to cycle. You 
can consider reducing the length of the session, 
trying another exercise, or taking a rest day.

Bone growth plates are 
active

Allergic reaction, skin 
disease, or skin sensitivity 
to electrodes or FES

Do not put electrodes on over broken skin. You 
may need to consider changing the pads, 
adjusting the stimulation parameters, or 
something else. Consult your health care provider 
about how to modify the treatment.

Previous dislocations or 
unstable knees

You could have difficulty maintaining alignment 
when pedalling depending on how unstable your 
knees are.

Epilepsy or seizures in the 
past. It could increase symptoms, in rare cases.

Less severe pressure injury
This depends on the severity of the injury and 
what precautions the health care providers are 
able to take

Diseases of bone 
metabolism

Some examples are osteoporosis and diseases or 
medications known to affect bone metabolism. 
Also if you have a Dual Xray absorptiometry 
T-score less than -2.5.
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Autonomic dysreflexia

If it occurs frequently or severely, you should have 
someone with you. Rare or mild occurances may 
not be a problem depending on what your health 
care provider recommends. Do not engage in FES 
cycling if electrical stimulation triggers autonomic 
dysreflexia for you

Hypertension 
(uncontrolled)

Understand what high blood pressure is for you. 
This may be different than typical values. Exercise 
will increase your blood flow and blood pressure. If 
you take blood pressure medication regularly with 
supervison by a doctor this does not apply to you.

Regenerating nerves in the 
treatment area Avoid the area.

Taking some types of 
steroid medications for 
long periods of time

Consult your medical doctor.

Clotting or bleeding 
disorder Consult your medical doctor.

Severe diabetes, 
uncontrolled blood sugars 
or untreated thyroid 
disease

Consult your medical doctor.

Current cancer in the lower 
limbs, at the level of T6 and 
below

Consult with an oncologist.

Cardiovascular disease

Exercise will increase your blood flow and 
blood pressure. Some examples of this type of 
disease are: chronic arterial disease, unstable 
cardiovascular disease, uncontrolled arrhythmia, 
angina, or congestive heart failure.

Clot, especially in the legs

The clot could travel with increased movement 
and blood circulation. This includes a recent, 
untreated venous thromboembolism (within past 
3 months) or current deep vein thrombosis or 
pulmonary embolism.

4. Before, During, and After Functional Electrical 
Stimulation Cycling

a. Before the FES cycling session

• Bring pull on shorts (elastic waist), tank top or t-shirt and grippy footwear (i.e. crocs, slippers, 
or fitness shoes that are easy to put on).

• Ask nursing to help you get dressed.
• Ask nursing to get you up and ready for the day. For example: brush your teeth, wash your 

face or shower.
• Ask nursing to shave or trim the area where the electrodes go if you think you need it.
• Make sure you have a good meal 60-90 minutes before to avoid digestive problems, nausea, 

or vomiting.
• Ask nursing for pain meds 15-30 minutes before your session.
• Make sure you’ve gone to the bathroom and followed your bowel routine.
• Ask nursing to get you up into your seating system at least 15-30 minutes (depending on your 

seating and seated posture tolerance) before your cycle session. This will help to acclimate 
you to the position.

“So to me the sooner you start the better. I mean I could see in the 
first, you know, 2 months, how quick my legs are shrinking away and I 
was cycling. So, if you can cycle do it.”

- FES Cycling User
“
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b. During the FES cycling session

• The first session may take more time for set up. You may be tired and it’s normal if you can’t 
tolerate a long ride.

• It may take more than one try to get the electrodes in the right spot.
• Where your health care provider puts the electrodes may be slightly different for each session.
• Each therapist does things a little differently. If you remember what worked or didn’t work, let 

them know or add it to the logbook .
• You may feel tingling, buzzing, stinging, or other sensations where the electrodes are or further 

down your arms or legs.
• You may have increased or decreased spasms in your arms or legs.

How to get the most out of your FES ride 
• Pedal “with the bike” if you have some control over your leg muscles
• You can try to go faster in short bouts if you feel like it and then slow down again
• If you can, bike actively the whole time, or as long as you can. The therapist will set the 

resistance to an amount that you are comfortable with.

c. After the FES cycling session

d. In general

• Check under the electrodes. If you see areas of redness that don’t go away within 1-2 
hours after the session – let a health care provider know.

• Look for areas of skin breakdown, tears, or redness from transferring or moving your 
arms or legs during cycle time.

• Ask someone to help you check for skin breakdown, tears, or redness in areas that 
you can’t see or feel.

• Keep a logbook or notes about your session. 
•  Check for signs of autonomic dysreflexia.

 » If you feel dizzy, lightheaded, sweaty, heart rate slowing, or anything different – let 
someone on your healthcare team know right away.

• Ask for water, electrolytes, and/or a salty snack post treatment.
• Ask for range of motion exercises or stretching if you feel tight.
• Get enough rest.

• You may have increased or decreased sensations like tingling
• You may have increased or decreased spasms in your arms or legs
• You may be tired or sore for 1-2 days after cycling
• Some sessions may be better than others
• The more sessions you have, the more likely it is that the speed, time you ride, and/or 

the power (watts) you can produce will increase
• Make sure you communicate with the healthcare team if you have any questions

https://www.fescyclingtoolkit.com/patient/logbook/
https://www.fescyclingtoolkit.com/patient/logbook/
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5. Logbook and Notes

Password/PIN number

Parameters Notes

Warmup (min)

Active cycling (backwards/
forwards) (min/min)

Cool down (min)

Resistance (Nm)

Control speed (rpm)

Motor (Nm)

Global frequency 40Hz

Global pulse width 250 μs

Bike height

Wheelchair height

Distance from pedals

Time of day

Logbook
USER NAME, PATIENT ID

Channel Muscle Stimulated Amplitude (mA)

L1

L2

L3

L4

L5

L6

R1

R2

R3

Notes: (How did you feel before, during, after the session? How did you feel the next day? Helpful 
medications and dosage details. Concerns that I should talk to the healthcare providers about next 
time.)

“Oh, I attend the gym every week at the [community centre]. So, the FES cycling 
and the gym at the [community centre] is all in the same facility so, I try to gym 
and then cycle. I try to go at least 3 times a week.”

- FES Cycling User

“



1918

FES Cycling Toolkit for Patients and CaregiversFES Cycling Toolkit for Patients and Caregivers

6. Transitions in care

a. Access your FES cycling information here:

b. Community options

https://www.rtilink.com/datalink/login.htm

Glossary

Activity-based therapy (ABT): therapeutic activities that involve ‘repetitive neuromuscular 
activation below the level of the spinal cord injury’. This repetition is usually achieved by 
task-specific movements with a high intensity. (Musselman 2018)
Amplitude:  refers to the intensity or strength of the current being delivered. The amplitude 
setting controls the amount of current delivered to the nerves and muscles and can be 
perceived as gentle tingling to more intense electrical sensations. 
American Spinal Injury Association (ASIA) Impairment Scale (AIS): The AIS is used to 
classify the level of severity of spinal cord injury. Classifications range from AIS A (complete 
injury)  to AIS E (normal sensory and motor function). (https://scireproject.com/outcome/
ais/)  
Atrophy: degeneration or wasting of muscle tissue
Autonomic dysreflexia: a dangerous clinical syndrome that involves an overreaction of 
the nervous system to a stimulation and can include an increase in blood pressure, and 
sweating, or decrease in heart rate. Common symptoms are headache, nausea, vomiting, 
goosebumps, or blurred vision, among others. This can happen if your injury is at or above 
the T6 level.
Capillary: small hair-like blood vessels which connect small arteries and veins.
Circle of Care: person with direct responsibility for providing care for the patient. For 
example, health care practitioners.
Complex Regional Pain Syndrome (CRPS): form of a chronic pain that usually starts after 
an injury and affects an arm or a leg. 
Edema: swelling in the soft tissue
Functional electrical stimulation (FES): application of an electrical stimulus to a paralyzed 
nerve or muscle with a goal of restoring function (Martin 2019)
Fracture: break in the bone due to trauma, stress or disease condition.
Frequency (Channel): measured in Hertz (Hz). It is the number of stimulation pulses 
delivered per second by one channel. 
Frequency (Global): measured in Hertz (Hz). It is the number of stimulation pulses delivered 
per second by all channels. 
Glucose: A sugar-like substance that is the main source of energy in the human body 
which is found in the blood. (American Heritage Medical Dictionary, 2007)
Insulin: The major fuel-regulating hormone of the body formed in the pancreas. 
Hematoma: is a collection of pooled and mostly clotted blood in body tissues or space 
within the body. These are generally caused by damaged blood vessels due to injury or 
surgery, leading to blood leaking into the surrounding tissues or space. 

“I found there to be some mental health benefits to doing it too. Just not 
only, you know, the potential for more physical recovery, but for me, just 
feeling like I was doing something or there was something to offer that 
could help with my recovery was helpful..”

- FES Cycling User

“

https://www.rtilink.com/datalink/login.htm
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Heterotopic ossification: the formation of bone in muscle and other soft tissues that can 
develop after an injury or surgery
Orthostatic hypotension: rapid decrease in blood pressure that happens when a person 
changes position (e.g., lying to sitting, sitting to standing) leading to fainting or dizziness 
Osteoporosis: condition in which bone tissue is broken down at a faster rate than bone 
being replaced. It results in brittle bones that can break more easily than normal bones.
Pacemaker: device used to treat irregular heart rates and rhythms
Cardiac demand pacemaker:  artificial pacemaker that activates only when it receives 
sensations indicating a lack of spontaneous rhythm by the heart. It attempts to avoid 
competing with the person’s natural pacemaker
Paraplegia: impairment, loss of sensation and/or movement in the lower limbs, pelvic 
organs and trunk (spared upper limbs) due to damage of the neural components of spinal 
column 
Power: the rate of energy production. It is measured in watts (W).
Pressure ulcer: an injury to the skin and potentially the underlying tissue, depending on 
severity. They are caused by sustained pressures on the skin and underlying tissue and 
often seen in individuals who are wheelchair or bed bound. 
Pulse oximeter: estimates oxygen levels in the blood. It may not be as precise for people 
who have darker skin pigmentation 
Pulse width: the length of time that each group of electrical pulses is delivered. It is 
measured in microseconds (μs) or milliseconds (ms). 
Malignancy: cancer or tumor
Range of motion (ROM): the total number of degrees that a joint moves through when you 
actively contract your muscles, or they are moved for you (passive). 
Spasticity: a condition in which there is an abnormal increase in muscle tone or stiffness 
after a brain and/or spinal cord injury
Spinal cord injury (complete): no sensory or motor function is preserved below the lowest 
sacral segments (S4-5) of the spinal cord.
Spinal cord injury (incomplete): some sensory and/or motor function is preserved below 
the neurological level of the injury including the lowest sacral segments (S4-5) of the 
spinal cord. 
Tetraplegia: impairment, loss of sensation and/or movement on all the four limbs, pelvic 
organs, and trunk due to damage of the neural components of spinal column
Thrombosis: local clotting in the vascular system
Watt: the force times velocity that the rider is putting on the FES cycle pedals 
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