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Historical Aspects

• 300 BC – Hippocrates, description of nervous 
system

• 200 AD – Galen of Pergamon, nerve injury, 
questioned possibility of regeneration 

• 600 AD – Paul of Arginia, first documented 
repair



Historical Aspects

1856 – Waller, nerve degeneration
WWI - Tinel’s phenomenon described
WWII – Seddon (UK) 
1960’s – Microsurgery
1970’s – Hanno Millesi: nerve grafting



Seddon Injury Classification

• Neuropraxia
– Temporary paralysis

• Axonotmesis
– Likely recovery

• Neurotmesis
– No recovery                                     without repair



Basic Injury Types

Compression – “Saturday night palsy”

Traction  

Laceration



Mechanism of Injury
• Tidy wounds: knife, glass, surgical



Mechanism of Injury
• Untidy wounds:

– Open fracture
– Penetrating missile



Mechanism of Injury

• Avulsion injury



Nerve repair



Indications for operative 
intervention

• Deep paralysis 
• Associated vascular/bony 
• Worsening of nerve injury 
• Failure of nerve recovery
• Persistent pain 
• Painful neuroma



Reasons not to repair

• General condition of the patient 
• Skill/availability of operating team and 

specialized equipment
• Uncertain viability or state of nerve trunks 
• Local or systemic sepsis 
• Tendon transfer or nerve transfer will give 

better results



Early exploration
Definitive repair if sharp laceration
Crush injury – zone of injury not apparent
Exception: gunshot wounds

Treat closed
Heat & shock effects

Timing of Nerve Repairs 
Open Injuries



Timing of Repair 
Closed Injuries

• Expectant
– Expect complete recovery in 6 weeks

• If none 
– 6 wks.: baseline EMG/NCS
– 12 wks. – clinical exam, repeat EMG/NCS
– 3 months – operative exploration



Classification of Nerve Repair

Primary repair (<1week)

Delayed primary repair (after 3-4 days)

Secondary repair (>1week)

Dvali & Mackinnon, Clin Plastic Surg (2003) 



Principles of Repair
• Microsurgical technique

• Tension-free repair
Graft if tension-free repair not possible

• Primary repair if possible
Delay ~3weeks if not optimal

• Match motor and sensory fascicles



Nerve Anatomy/ 
Techniques of Repair



Nerve Repair Technique

• Correct alignment/orientation of fascicles
• Use external markings



Group Fascicular Nerve Repair

Median nerve @ elbow



Epineural Nerve Repair

Superficial radial nerve



Factors in Outcomes

Age
Nerve gap
Delay to repair
Level of Injury
Condition of nerve ends



Management of Nerve Gaps



Nerve Grafts

• Graft: tissue that depends on recipient bed 
blood supply

• Indication: Cannot achieve tensionless repair 



Nerve Grafts

Autografts (same person)
Allografts (same species)
Pedicle nerve grafts (nerve flaps)
Vascularized nerve grafts



Donor Nerves

Donor Length Deficit
Sural 30-40 cm Lateral foot
Lateral antibrachial 
cutaneous

5-8 cm Lateral forearm

Medial antibrachial 
cutaneous (ant. br.)

10-20 cm Medial arm and 
elbow



Sural Nerve



Medial Antebrachial Cutaneous 
Nerve (MABC)



Cable Nerve Grafting



Disadvantages of Autologous 
Grafting

• Prolonged operative time
• Limited supply
• Donor site morbidity
• Axons must cross 2 suture lines
• Motor axons must growth through potentially 

inhibitory sensory nerve environment



Avance™

• AxoGen Inc.
• Human cadaveric nerve allograft
• 1.5, 3 and 5 cm lengths
• 1-5mm diameters



Nerve Conduits

• Provide safe passage for regenerating nerves
• Localizes neurotrophic factors
• Protection from scarring
• Natural, synthetic, non/absorbable
• Vein, polyglycolic acid (PGA), collagen



Nerve Conduits

• Require population by Schwann cells from 
neural stumps to guide axonal growth

• Short (<3cm) nerve defects

Thumb digital nerve Repair w/ neurotube



What if there is no proximal nerve end that can 
be used in a repair? 

Nerve Transfer
Healthy proximal donor    distal palsied nerve



Principles of Nerve Transfer

• Expendable donor
• Donor with large number of pure axons
• Donor near motor end plates of muscle or 

target sensory nerve
• Innervates a muscle that is synergistic to the 

target muscle (preferred)



Nerve Transfers

• Historically used in brachial plexus injuries
– No viable proximal nerve



Oberlin Transfer

Erb’s palsy – paralysis of the biceps
Ulnar nerve to musculocutaneous nerve

Ulnar n.biceps

Musculocutaneous n.



Indications for Nerve Transfer

Brachial plexus avulsion injuries
Avoid dissection through previous injury
Major trauma with segmental loss
Alternative to grafting in older patients
Proximal nerve injury



Nerve Transfers

Convert high injury to low injury
Recruiting redundant or unimportant 
fascicles

~35cm/~14in ~12cm/~4.7 in



High Ulnar Nerve Injury

Missing: 
intrinsic function
sensation to ulnar 1 ½ digits & ulnar 
dorsal hand



Median to ulnar transfers - Motor
• AIN (anterior interosseous n.)     motor branch 

ulnar nerve

Adapted from Dvali et al. Clin 
Plastic Surg 2003



Median to ulnar transfers - Sensory

Median n. to 3rd web space                ulnar sensory 
nerve
End to side

Adapted from Dvali et al. 
Clin Plastic Surg 2003



End to Side Nerve Transfer

• Minimal donor deficit
• New motor sprouts from donor to recipient 

nerve
• Results?

muscle

muscle

healthy motor nerve

damaged motor nerve



Cortical Reorganization

• Sensory denervation of the hand                 “black 
hole” in sensory cortex of brain

• Tactile input from the hand causes functional 
cortical reorganization 

• Organization of the sensorimotor cortex is not fixed
• “Hand speaks a new language to the brain.”

J. Surg. Ortho Advances 2008; 17(3) 159-164.



DANKE
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