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Wallerian Degeneration 
• In 1849 Augustus Waller  

– Distal portion of nerve undergoes 
progressive degeneration 

• WD begins with axon degeneration.  
– Blood-tissue barrier permeability increases 
– Myelin sheath breaks down 
– Influx of macrophages occurs, 

• Myelin debris contains several inhibitors 
of axon regeneration  
– Clearance mediated first by Schwann cells 

and later by hematogenous phagocytes 
 



Wallerian Degeneration 
• Acute axonal degeneration (AAD) 

– 30 min post injury, axon segments at both the proximal and 
distal ends degenerate hundreds of micrometers 

• Granular disintegration of the axonal cytoskeleton (GDC) 
– Breakdown of neurofilaments and microtubules 
– Committed step in Wallerian degeneration. 
– After onset axons disintegrate within an hour in an all-or-none 

fashion 
• Time lag of ∼1–2 days in the rodent and up to 7 days in 

humans exists between injury and GDC  
– Depends on the species, the distance of injury from cell body, 

and the diameter of the axon 



Axonal Regeneration 

• Following axon degeneration, SC proliferation 
is a key event in promoting axon regeneration  
– Provide structural guidance and growth-

promoting substrates to regenerating axons.  

• Grow in close association with SCs along the 
basal laminar tubes (endoneurium) and are 
thus able to retrace their former pathways 



Axonal Regeneration 

• 1-2mm/day 
– Same velocity of slow anterograde axoplasmic 

transport 

 
 

Braam-Microsurgery-1993 

Facial nerve 
grafting with 
sural  
 
Timing 
determined by 
tinels 



Axonal Regeneration 
• Motor axons must reach the target muscle in a critical time 

window (12–18 months).  
• In the case of neurotmesis (Sunderland Type V), it is 

estimated that there is a 50% loss of axons across each 
coaptation site.  
– Axonal Escape 
– Neurofibrosis 

• Furthermore, of the small percentage of axons that do 
reach their target muscle, it is estimated that even a 
smaller percentage are able to remake functional 
connections. 

• Nevertheless, our best option remains guiding axonal 
growth 



Guided Growth:  
Must be out of Zone of Injury 

 

Berrocal-J Neurosurg-2013 



Guided Growth:  
Tension-free Repair 

 

12% Strain 
 

Non-Reversible Ischemia 



 

Cyclic Sub-Threshold Strain 
  

Non-Reversible Ischemia 

Guided Growth:  
Tension-free Repair 



Direct Repair 

• Suture vs. Glue 
• Rat Model 
• 8wks post repair 

 
• Histologic & 

Functional 
Outcomes: 
– Crush>Suture=Glue 

 

Crush 

Glue 

Suture 

Felix-Microsurgery-2013 



Direct Repair 

• Suture vs. Glue 
 

• Human Cadaveric 
Model:  
– Tibial nerve 

 
• 2 sutures +/- 

various fibrin 
glues 

Resistance to Gapping: All glues > No glue 

Isaacs-JHS-2008 Load to Failure: No difference 



Direct Repair Often Not Possible 

• AAD 
• Innate neural tension/retraction 
• Zone of Injury 

 
• Often Faced with a Gap 



Gap Repair Options 



Conduits 
• Advantages 

– Combat Axonal Escape 
– Can Aid in Repair Technique 
– Can be Filled with Pro-Regeneration substrates (SCs, ADSCs) [Animal 

Studies Only] 

 

Conduit Assisted Repairs: 
Inexperienced = Experienced 
 
Suture Only: 
Experienced > Inexperienced 

Isaacs-JHS-2016 



Conduits 
• Disadvantages 

– Lack Endoneurial Architecture 
– Lack Support Cells 
– Relies on Fibrin Matrix as Scaffold  

• Limited Length-Stability: Don’t yet know limits 

– Diameter Mismatch 

14mm Gap 28mm Gap 

6wks 

12wks 

Whitlock-Muscle Nerve-2009 

Rat Sciatic 
Model 



Acellular Allograft 

• Advantages 
– Endoneurial Architecture 
– Varying Diameters 
– No Donor Morbidity 
– No WD debris mediated 

regeneration inhibition 



Acellular Allograft 
• Animal Data: 

• Superiority to Cabled Autograft 

Tang-Microsurgery-2013 

Force Transduction: 
Reversed Autograft > Allograft > Cabled Autograft 



Acellular Allograft 

Tang-Microsurgery-2013 

Mid-Graft Nerve Fiber Count (6 & 12 wks): 
Reversed Autograft > Allograft > Cabled Autograft 



Acellular Allograft 

• Level III Evidence Demonstrating Promising Clinical Results 

 

Cho-JHS-2012 



Acellular Allograft 

• Disadvantages 
– No Support Cells 
– Cost 
– Limited Clinical Data 
– Length limited to 7cm 



Autograft 
• Advantages 

– Gold-standard since 1920’s with extensive evidence 
• Frykman & Gramyk 

– 80% median n recovery 
– 60% ulnar n recovery 

– Support Cells (Survive Devascularization) 
 

Graft SCs labeled: 1 day 14 days 
Trumble-JHS-1994 



Autograft 

• Advantages 
– Endoneurial Architecture 
– Non-immunogenic 
– Segments > 7cm  

 

 



Autograft 

Motor Donor Sensory Donor 

Distal to Graft Nerve Fibers: Motor > Sensory 

Brenner-Laryngoscopy-2006 

• Disadvantages 
 

• Donor Morbidity 
• Functional loss 
• Neuroma formation 

 
• WD debris 

 
• Diameter Mismatch 

• Cabled grafts < Single 
 

• Animal Data 
• Source of graft 

matters 



Wraps 

• Advantages 
– Custom-sized conduit 

• Vein wraps, Synthetic wraps 
– Animal Data – XU-JHS-2000 

• Reduces adhesion/fibrosis formation 
• Improved functional and histologic outcomes 

• Disadvantages 
– Possible to overtighten leading to compression 
– Some wraps limit neovascularization and diffusion 
– Limited Data 

 



Algorithim 

Ducic-Annals Plastic Surg-2012 



Conduit 

A, Traumatic injury to the radial sensory digital nerve in 65 year-old patient, resulting 
in pain at the injury site and finger numbness. B, Excision of pain-generating neuroma. 
C, Resulting 5 mm gap reconstructed with nerve conduit. 



Allograft 

A, Knife injury to hand in a 37 year-old patient, resulting in irregular scar, pain and 
finger numbness. B, Excision of neuroma-in-continuity of the index finger digital nerve. 
C, Reconstruction of 20 mm nerve defect to restore finger sensibility with nerve 
allograft and anastomotic nerve connector. 



Allograft 

A, Peripheral nerve tumor requiring excision of associated 
fascicle. B, Reconstruction of 40 mm nerve fascicle defect with nerve 
allograft and anastomotic nerve connector. 



Autograft 

A, Traumatic injury to a major peripheral nerve in a 25 year-old patient. B, Final defect 
size after stump debridement to healthy fascicular tissue. C, Reconstruction of 50 mm 
nerve defect with sural nerve autograft. (Donor medial and lateral sural nerve defect 
reconstructed with 50 mm nerve allograft and anastomotic nerve connector.) 



 

Thank You! 
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