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 What is nerve transfer surgery?  
Spinal cord injury (SCI) disrupts the nerve pathways that send signals between the brain and muscles. 

This disruption can lead to loss of muscle strength and movement.  

Nerve transfer surgery aims to restore some movement to a paralyzed muscle by connecting a nearby 

functional nerve from above the SCI to the non-functional nerve of the paralyzed muscle. The 

paralyzed muscle and its non-functional nerve are called the recipient. The functional nerve transferred 

to the recipient is called the donor. The donor nerve used is expendable (i.e. removing the nerve does 

not cause any significant loss of movement) or taken from an area where there is more than one 

muscle that performs the same movement. Over time and with rehabilitation, the healthy cells of the 

functional nerve will use the non-functional nerve as a scaffold to grow towards the paralyzed muscle. 

This creates a new pathway for signals to travel between the brain and the muscle. 

Key points 
• Nerve transfer surgeries in SCI aim to restore some movement to the arm or hand by connecting 

a healthy nerve to the nerve of a paralyzed muscle. 

• This surgery is most commonly used to improve finger and thumb movement for people with 

cervical SCIs. 

• Depending on the type of injury, some nerve transfers are time sensitive and must be done 

within 6 months, while others can be done years after the injury.  

• Experts recommend at least two years of physical and occupational therapy after a nerve transfer 

to rehabilitate the muscles. 

• Although the current evidence is limited, nerve transfers are a promising treatment for 

improving an individual’s independence and quality of life. 

Nerve transfers involve the transfer of a functional donor nerve to a non-functional 
recipient nerve to create a new signal pathway to a paralyzed muscle.1 
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 What can nerve transfers help with? 
Since the success of nerve transfer techniques were demonstrated in other nerve injuries, like brachial 

plexus injury, they are now being applied to SCI. Nerve transfers are usually done after a cervical SCI 

to regain movement in the upper limbs. Some functions commonly targeted in nerve transfers include 

elbow extension, wrist extension, finger extension, finger flexion, and finger extension.  

 
Table 1: Common nerve transfer surgeries and the donor/recipient nerves that can be used to restore each muscle function.2-5  

Function Donor Recipient 

 

Teres minor nerve Triceps nerve 

Teres minor and motor portion of 
posterior division of axillary 
nerve 

Triceps nerve 

Motor portion of posterior 
division of axillary nerve 

Triceps nerve 

Fascicle of anterior division of 
axillary nerve 

Triceps nerve 

 

Supinator nerve 
ECRB (Extensor carpi 
radialis brevis) nerve 

 

Supinator nerve 
PIN (Posterior 
interosseous nerve) 

 

Brachialis nerve 
AIN (Anterior interosseous 
nerve) 

ECRB nerve AIN 

Supinator nerve AIN 

Fascicle to pronator teres nerve 
FDS (Flexor digitorum 
superficialis) nerve 
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Although wrist extension (bend 

wrist up) and wrist flexion (bend 

wrist down) can be targeted with 

nerve transfer, wrist movement is 

often reconstructed with tendon 

transfers instead. Learn more about 

tendon transfers in the How do 

nerve transfers compare to tendon 

transfers? section below.  

Improved movement in the arms 

and hands can increase an 

individual’s independence and 

confidence in many areas of life, 

including daily activities, mobility, 

and socializing. 

 Who is suitable for a nerve transfer?  

Level of injury 
Nerve transfers are typically used to improve arm and hand 

function for people with higher level spinal cord injuries between 

C5 and C7. Keep in mind that since nerve transfers are a surgical 

treatment targeting movement, suitability is based on the level of 

muscle function. For example, someone with an incomplete SCI 

whose overall level of injury is C3, but C5 for muscle function, is 

more likely to be eligible for nerve transfer than someone 

whose level of injury is C3 for both sensory and muscle 

function. 

Recent studies have shown some success with nerve 

transfers in injury levels up to C2, but more recovery of 

movement is associated with lower 

levels of cervical injury. 

Consideration for nerve transfer 

surgery in levels above C5 is 

made on a case-by-case basis, 

depending on what donor nerves are available.  

Nerve function and time since injury 
Two types of neurons make up the nerve pathways that send movement signals to and from the brain 

and the muscles.  

• Upper motor neurons connect the brain to the spinal cord. 

• Lower motor neurons connect the spinal cord to muscle. 

 

Refer to our 
articles on Spinal 
Cord Anatomy and 
Spinal Cord Injury 
Basics for more 
information! 

Nerve transfers are usually done on cervical spinal cord 
injuries levels C5-C7.7 

This YouTube video explains the basics of nerve transfer and tendon transfer 

surgeries, and the differences between the two. This video was created by Neramy 

Ganesan, a graduate of the University of Toronto MSc Biomedical Communications 

Program, with the help of content expert Dr. Jana Dengler at Sunnybrook Health 

Sciences Centre. Please see the end credits in the video for more details.6 
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The ideal timing for how long after SCI a nerve transfer can be performed depends on whether the 

upper or the lower motor neurons in the nerve pathway of the paralyzed muscle are damaged. Which 

motor neurons are damaged is different for nerve pathways that exit the spinal cord (out to the muscle) 

at the level of injury and nerve pathways that exit below the level of injury. 

Motor neurons at the level of injury 
Often, both lower and upper motor neurons are damaged at and around the level of injury. The loss 

of a functional nerve in the muscle causes it to degenerate and atrophy (waste away). The muscle 

atrophy becomes irreversible 12-18 months after the injury, at which point a nerve transfer would be 

unable to restore any movement to the muscle. In this case, a nerve transfer should be done around 

6 months after SCI, so that the donor nerve cells can reach the paralyzed muscle before the 

degeneration becomes irreversible.  

Motor neurons below the level of injury 
Below the SCI, often the upper motor neuron is damaged but the lower motor neuron that connects 

the muscle to the spinal cord is still intact. The nerve in the muscle is still functional, but you cannot 

control it because the connection to the brain is disrupted. The muscle is maintained by the activity 

of the functional nerve’s connection to the spinal cord, so degeneration occurs more slowly. In this 

case, a nerve transfer may be possible for years after the injury, but patient selection is more specific 

and surgery outcomes are less predictable. 

Other considerations 
Some other factors to consider when deciding whether to do a nerve transfer surgery include: 

• Caregiver availability for the period after surgery when you will need extra support with daily 

activities.  

• Emotional/psychological supports. 

• Personal goals for function or recovery. Speak to your health care provider to determine whether 

a nerve transfer is suitable for your goals. 

• Transportation to the clinic or hospital for diagnostic testing, the surgery, and rehabilitation. 

The timing of nerve transfer after spinal cord injury depends on whether the nerve that connects to the muscle is damaged. If it 
is, the muscle will degenerate more quickly, and nerve transfer should be considered earlier.8 
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• Other injuries in the arms, hands, or wrists or other neurological conditions that could increase 

the risk of complications in surgery and/or rehabilitation. 

• General considerations for surgery (e.g., open wounds, infection, high blood pressure, diabetes, 

heart and lung problems, extreme obesity, mental health). 

• SCI considerations for surgery (e.g., pressure sores, joint stiffness, spasticity, autonomic 

dysreflexia). 

 What is the process for a nerve transfer? 

Before surgery 
The irreversible degeneration of muscle needs to be balanced with giving the nerves time to heal from 

the SCI. However, after 6 months, the probability of nerves recovering on their own becomes much 

less likely. The timing and type of nerve transfer ultimately depend on the nature of the SCI and what 

nerves are affected by the injury. 

A timeline of the process for time-sensitive nerve transfer for a cervical spinal cord injury where the lower 
motor neuron of the recipient muscle is injured.9 
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Suitability for nerve transfer is determined through physical examinations of muscle function and 

electrodiagnostic testing. Physical examination looks at the stability, strength and range of motion 

(how far you can move a limb in different directions) of the muscles and joints.  

Electrodiagnostic tests may include the following: 

Electromyography (EMG) 
Electromyography measures the activity of nerves in a muscle by inserting a small needle electrode 

(similar to acupuncture) into the muscle tissue.  

Nerve Conduction Studies 
Nerve conduction studies measure the strength and speed of the signals travelling through a nerve 

by sending electrical pulses from a device and measuring with electrodes.  

The combination of results from electrodiagnostic tests and physical exams is used to identify nerves 

and muscles that are functional /non-functional and figure out which muscles and nerves should be 

used in the nerve transfer. The tests could also determine if there is a possibility that the muscles will 

recover on their own and not require surgery. The results can also help to estimate what your timeline 

for surgery might look like.  

During surgery 
General anesthesia is given before the surgery. Electrical stimulation can be used to make sure the 

right nerves are being cut. Once the identities of the nerves are confirmed, the healthy nerve is cut and 

stitched to the cut end of the damaged nerve. 

After surgery 
In the 1-2 weeks following surgery, activity will be restricted to allow your skin and nerves to heal. 

After the period of rest, you can return to regular activity and begin intensive physical/occupational 

therapy. Even though the nerve transfer reconnects the pathway from the paralyzed muscle to the 

brain/spinal cord, it is not like plugging two extension cords together and having the current run 

through instantly. Attaching the two nerves allows the recipient nerve to act as a scaffold for the cells 

of the donor nerve to grow through, towards the muscle. This process can take months or years 

depending on the distance to the muscle because nerve cells grow at approximately 1mm per day.  

Rehabilitation 
After healing, you undergo intense physical therapy and occupational therapy to recover and maintain 

the muscle’s range of motion and strength, and to relearn how to move the muscle with the new nerve 

pathway. This rehabilitation process will teach you how to use the muscle properly and strengthen the 

muscles with a variety of exercises. Experts recommend that consistent therapy be continued for a 

minimum of 2 years.  

Research on nerve transfers has found that people can continue to experience improvements in 

function as far as 4 years after the surgery with physical and occupational therapy.  
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Some activities to rehabilitate muscle function after nerve transfers include: 

Early stage (no movement in the muscle yet) 

• Education: Understanding which muscles and nerves are involved in the nerve transfer and 

how the surgery has changed the way they work.  

• Range of motion: Exercises to maintain how far the muscle can move in different directions. 

Splints may be used to manage range of motion and spasticity.  

• Donor activation: Physically moving the donor muscle to activate the donor nerve. 

• Visualization: Moving the donor muscle and visualizing moving the recipient muscle. This is 

an important exercise in early rehabilitation.  

• Donor co-contraction: Moving the donor muscle and having someone else move the recipient 

muscle at the same time to strengthen the connection between the nerve and the new 

movement.  

After first sign of muscle movement 

• Donor co-contraction: Moving the donor muscle and recipient muscle at the same time to 

strengthen the nerve connection. 

• Moving only the recipient muscle. 

• Exercises based on real life activities. 

• Doing exercises in water or with assistive devices like slings and prostheses can make 

movements easier by reducing the effect of gravity. 

• Biofeedback or neuromuscular electrical stimulation (NMES) may be used to promote 

movement. 

Strength and endurance 

• Gradually increased resistance of exercises (adding weights). 

• Gradually increased repetitions of exercises. 

• Incorporating function of muscle into everyday life. 

Visualization for muscle rehabilitation 
Visualization (also known as mental practice, mental imagery, and motor imagery) is a technique 

where you consciously and repeatedly imagine performing a movement without actually moving 

your body. One theory for why this technique works is that visualizing a movement activates areas 

of the brain that overlap significantly with the areas that activate when physically doing the 

movement. 

Studies of people without SCI and athletes who use visualization when learning new skills have 

shown that physical movement performance improves. In rehabilitation for neurological disorders, 

including SCI, evidence from high-quality studies has shown that visualization used in 

combination with physical therapy has positive effects on muscle movement. 
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 How do nerve transfers compare to tendon transfers? 
Tendons are rope-like bands that connect your muscles to your bones. In a tendon transfer, the tendon 

of a healthy muscle with functional nerves is cut and attached to the tendon of a paralyzed muscle. 

This transfer allows the working muscle to take over the movement of the paralyzed muscle. This is 

another way that movement can be restored in the arm or hand for someone with tetraplegia.  

Nerve transfers and tendon transfers can also be used in combination to restore movement. Patients in 

one study who underwent both nerve transfer and tendon transfer reported no preference because each 

was beneficial in a different way. Hands with nerve transfers resulted in more natural and dexterous 

movement, and hands with tendon transfers felt stronger. Each has characteristics that make the 

procedure more or less suitable for an individual depending on their injury, timing, and recovery goals.  

Table 2: Comparison of nerve transfers and tendon transfers 

 

 Nerve Transfer Tendon Transfer 

What kind of 
movement is 
improved? 

More precise, controlled 

movements that do not require 

as much strength. 

Stronger movements that do not 

require as much precise 

coordination. 

What kind of 

activities could 

this surgery 

help with? 

• Using devices like a 

phone, keyboard, mouse, 

or touchscreen 

• Social interactions like a 

handshake or hug 

• Eating and drinking 

independently 

• Holding light objects 

• Pressure relief movements 

• Some self-catheterization 

steps 

• Lifting and holding heavy 

objects 

• Wheelchair pushing and 

maneuvering 

• Eating and drinking 

independently 

• Dressing 

• Improved transfers 

• Personal hygiene 

• Writing 

Tendon transfers involve using a working muscle to power a paralyzed muscle movement 
by transferring the tendon of the working muscle to the paralyzed muscle.10 
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When can I get 

this surgery? 

Depending on your injury, this 

surgery is usually done around 6 

months after SCI, or could be 

done years later in some cases.  

Any time after SCI. 

How long does 

healing take? 

You can do light activities 

immediately after surgery while 

your skin heals. 

You can return to normal 

activities after 2-4 weeks. 

Avoid weight bearing, repetitive, 

or straining activities for 1 month.  

A splint and cast will be used to 

immobilize your arm for 1-2 

months while the tendon heals. 

Avoid weight bearing activities and 

sports for 2-3 months.  

Some centres may start 

physical/occupational therapy 

exercises days after surgery, 

during the immobilization period. 

How long will 

rehabilitation 

take? 

Daily exercises at home and 

physical/occupational therapy at 

least once per month for 2 years.  

Approximately 3 months. 

Physical/occupational therapy 

helps you to learn the new 

movement and makes sure the 

tendons heal properly.  

How long will it 

take to see 

movement? 

First improvements in movement 

usually happen between 3 to 12 

months, depending on the type 

of nerve transfer. There are 

accounts of initial movement 

recovery as late as 2.5 years 

after surgery.  

Research shows that movement 

may continue to improve for 

years after surgery.  

Improvements in movement 

usually occur between 1-3 months 

after surgery.  

Research shows that movement 

may continue to improve for up to 

12 months after surgery. 

 What are the risks of nerve transfers? 
Like with any other surgery, there is a risk of bleeding, infection, and other complications in the 

healing process. Some people who get a nerve transfer experience temporary weakness in the wrist 

after surgery that usually returns to normal strength during recovery. Similarly, there may be areas of 

numbness that develop that often go away over time. So far, the evidence shows that nerve transfer 

surgeries are safe, and people rarely experience permanent losses in movement or sensation because of 

the surgery.  

Having to rely on others to carry out normal daily activities for a period after surgery can be 

challenging. A strong social support system and mental health supports can be helpful for recovery. 
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 What are the limitations of nerve transfers? 
Some people feel disappointment and frustration with the slow pace at which improvements are made 

after a nerve transfer. It is important to set realistic expectations going into a nerve transfer. That said, 

even small improvements in function can have significant impacts on independence and confidence.  

As with any surgery, there is a possibility that the nerve transfer surgery does not work. If a nerve 

transfer fails to restore any function to a paralyzed muscle after physical and occupational therapy, it 

may be possible to do a tendon transfer to try and regain that movement.  

The reasons why a nerve transfer succeeds or fails are still an ongoing area of research. Expert opinion 

suggests that timing (i.e. when in the recovery process the surgery takes place), and the frequency and 

intensity of physical and occupational therapy influence how successful a nerve transfer is. 

 Are nerve transfers effective? 
There is some evidence that a successful nerve transfer surgery in combination with consistent 

physical/occupational therapy can lead to increases in the movement, control, and strength of a 

paralyzed muscle. In recent studies, the nerve transfer surgeries performed were 87.5 - 92% successful 

at recovering some strength. Better outcomes were seen in people with lower levels of cervical SCI, a 

greater range of motion and strength in the donor muscle, and more activity in the recipient muscle. 

More research evidence is needed, but experts are hopeful that nerve transfers can improve the ability 

to do daily activities such as inserting catheters, relieving pressure, holding and releasing items, and 

eating. That said, there is some limited evidence that reports people who undergo nerve transfers can 

experience increases in overall independence and quality of life. It is possible to see improvements for 

many years after the surgery with continued physical/occupational therapy.  

Future research directions for nerve transfer surgery 
Although nerve transfers are available to people with SCI as a treatment option, it is still a 

relatively new area of ongoing research.  

Some of the research underway in the realm of nerve transfer surgery include: 

• Exploring the possible application of nerve transfer techniques on diaphragm paralysis to 

reduce ventilator dependence. 

• The use of electrical stimulation in combination with nerve transfer to strengthen the nerve 

connections. 

• Research to better understand what factors may influence the success of a nerve transfer.  

• A multi-centre Canadian study is currently looking at the effect of nerve transfers on 

functional results like the ability to pick up an object, eat independently, self-catheterize etc. 
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 Lived experiences of nerve transfers 

Caleb: Nerve Transfer Trifecta 

Age: 35 

Level of Injury: C5 ASIA A 

Fun fact: Caleb enjoys scuba diving, whitewater kayaking and 

sitskiing! 

Caleb had three nerve transfers on each arm for finger extension, 

finger flexion, and elbow extension 5 months after SCI. It has been 1 

year and 3 months since his surgery. 

Three months after the surgery, Caleb started to see flickers of 

movement. There was some loss in strength after the surgery, but at 

the time he was still weak from the accident that caused his SCI. 

Caleb can now grip a 5lb kettle bell, while his triceps is still at a flicker 

but continues to recover. Caleb plans to continue building his finger extension and grip strength 

to improve his chair skills and everyday living activities. He is hoping that with time, his triceps 

will have the strength to help with transfers. Overall, Caleb says, “I am very impressed with the 

whole team and happy with the results!”. 

Ainsley: Nerve and Tendon Transfers 

Age: 17 

Level Of Injury: C5-C6 complete 

Fun fact: Ainsley plans on doing a Bachelor of Arts at the University 

of British Columbia after graduating high school this year! 

Ainsley had three nerve transfers on each arm for hand opening, 

hand closing, and elbow extension 6 months after SCI. She is now at 

2 years post nerve transfer. Ainsley has also had a tendon transfer on 

the right side. 

After the surgery, Ainsley could move around right away but had to 

be careful and was on strong pain medications because of the many incisions. Scar management 

was important to heal the incisions with minimal scarring and avoid complications. After 2-3 

months of visualization exercises, Ainsley noticed the first flickers of movement. By 5-6 months 

she was using her left hand for tasks. Unfortunately, her right hand didn’t progress beyond a 

flicker, so Ainsley and her team decided to do a tendon transfer for that side. Ainsley found that 

the recovery for tendon transfer was more difficult because she was in a cast for 1.5 months and 

not allowed to move. Today, Ainsley can open both hands, pick things up with her left hand, 

and extend both arms against gravity. She continues to improve every day but recalls that even 

before the surgery, “I definitely knew that I had to put in the work to make it stronger.” 
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Dan: Nerve Transfer with a Chronic Injury 

Age: 37 

Level of Injury: C5-C6 ASIA B 

Fun fact: Dan is a full-time student at Douglas College in 

Recreation Therapy! He enjoys cooking and has a dog. 

Dan had nerve transfers on both arms for finger flexion and 

extension 5 years after his SCI. He’s coming up on 3 years post 

nerve transfer. 

Recalling some of the effects right after the surgery, Dan described 

numbness, loss of strength, and two weeks of pain when raising his 

arm that “felt like I hit my funny bone but times 100”. Dan’s 

recovery from nerve transfer was tough and didn’t line up with the 

picture the surgeons and doctors painted. Because nerve transfers 

are done more on acute SCIs than chronic SCIs, he suspects the 

doctors were not aware of how much the surgery could affect the 

independence of someone living in the community without the 

supports that exist in in-patient rehabilitation. There needed to be 

more preparation to accommodate the losses in function he experienced. Considering his 

rehabilitation, he says, “…you're on your own so I think it would be better if there was 

something more - like a program that you do for three months after the surgery”. 

Three years after the surgery, the numbness and pain from right after surgery have improved, but 

the losses in strength have persisted. Dan says, “I still have difficulty doing some things that I 

used to do before the surgery, but not too much.” That said, he has gained the ability to open 

and extend his fingers and has enough grip to squeeze the hand brakes of the electric bike 

attachment on his wheelchair. 

 The bottom line 
Overall, the research on nerve transfer surgeries suggests that it can improve arm/hand muscle 

function and independence for people with cervical SCI, and that the procedure is safe. However, this 

is an invasive procedure, so the evidence is limited because it is usually not possible to have 

randomization or a control group to experimentally demonstrate the benefits. 

Extensive assessments are required to determine whether a nerve transfer could work for you. It is 

important to keep in mind that it may take years of physical and occupational therapy to see the full 

results of the treatment. There are also external factors to consider, including if you can take time off 

work/school for recovery, if you have adequate care and support, if you are mentally well enough to 

have surgery, and what your personal goals are for function. If you are interested in nerve transfer, 

speak to your health care provider to determine if it’s the right fit for your goals and your injury.  

For a list of studies included in this article, please see the Reference List. 
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 Related resources 
SCIRE Professional “Upper Limb” Module 

Nerve and Tendon Transfers to Improve Upper Limb Function in Cervical Spinal Cord Injury (video) 

 Abbreviated reference list (PDF) 
Full reference list available from: community.scireproject.com/topic/nerve-transfer-surgery/#reference-list 

Glossary terms available from: community.scireproject.com/topics/glossary/ 

Image credits 
1. Nerve Transfer by SCIRE 
2. Elbow Extension by SCIRE 
3. Wrist Extension by SCIRE 
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6. Nerve and Tendon Transfers to Improve Upper Limb Function in Cervical Spinal Cord Injury (video) 
7. Nerve Transfer Level of Injury by SCIRE 
8. Time Sensitive Nerve Transfers by SCIRE 
9. Nerve Transfer Timeline by SCIRE 
10. Tendon Transfer by SCIRE  
11. Photo provided by participant (Caleb) 
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13. Photo provided by participant (Dan) 

Disclaimer: This document does not provide medical advice. This information is provided for educational 
purposes only. Consult a qualified health professional for further information or specific medical advice. 
The SCIRE Project, its partners and collaborators disclaim any liability to any party for any loss or 
damage by errors or omissions in this publication. 
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