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The Peripheral Nerve System
afferent & efferent determination of reality

Peripheral nerve system links the virtual 
world of our consciousness to the real physical 

world that surrounds us



Peripheral Nerve System
Boils down to input & output

E-medicine.medscape

CNS…Cell body…axon…target organ

Feedback loop

Scientist



Dermatome/myotome vs. nerve territories
Long distances
Segregated fascicular anatomy 

425,409 sensory neurons
Human Brachial Plexus

Gross Anatomy
Roots, plexuses & terminal nerves

Von 
Hagens



Mechanical protection
Fascicular anatomy
Endoneurial tubes
Specialised target organelles

Microscopic Anatomy
Schwann cells, Protection & Fascicular Anatomy  



Neuron
Metabolic hub + projections
Cell body + Schwann cells exists to support axon
Axon exists to:
• Conduct:  action potential
• Transport: trophic factors & control growth 

(OBPI)
• +/- regenerate
Cholinergic transmission at nmj

Dendrites

Perikaryon

Axon 

Terminal 
Synapses

AP
AP AP AP AP AP

AP



Classification

Myelination

Function

Somatic / 
Autonomic

Diameter

Erlanger 
& 

Grasser

Myelination & diameter control conduction 
velocity, ischaemia tolerance & local 
anaesthetic sensitivity

Faster the conduction, the less        
ischaemia tolerant the fibre

Neuron Classification



Unified Classification of Nerve Injury:
Progressive destruction of AP conduction mechanism

Physiological conduction block:
• Type A: intraneural circulatory arrest, metabolic ionic failure

• Type B: intraneural oedema, metabolic ionic failure 

Neurapraxia (Sunderland 1): local conduction block, myelin damage

Axonotmesis (Sunderland 2/3): loss of axonal continuity

Neurometsis:
• Sunderland 3 – loss of axonal & endoneurial continuity

• Sunderland 4 – loss of axonal, endoneurial & perineurial continuity

• Sunderland 5 – loss of axonal, endoneurial, perineurial & epineurial continuity
[After Lundborg 2004]



Grade of injury – is repair needed?

Physiological conduction block:
• Type A: intraneural circulatory arrest, metabolic ionic failure

• Type B: intraneural oedema, metabolic ionic failure 

Neurapraxia (Sunderland 1): local conduction block, myelin damage

Axonotmesis (Sunderland 2/3): loss of axonal continuity

Neurometsis:
• Sunderland 3 – loss of axonal & endoneurial continuity

• Sunderland 4 – loss of axonal, endoneurial & perineurial continuity

• Sunderland 5 – loss of axonal, endoneurial, perineurial & epineurial continuity
[After Lundborg 2004]



Mechanism of injury –
what repair will be needed?
Inflammatory

Metabolic
Compression

• acute

• chronic

Sharp injury

Traction

Neoplastic infiltration +/- DXT



Later reported 
electrophysiology, 

diagnostic & 
operative repair 

work on 38 
Glaswegians…, 

and
Subsequently on 

numerous macaques

Nerve Injury
~100 years and we’re doing the same thing

1917

Specified nerve repair, 
grafting, impact of 

tension, and defective 
operations.

Benefit of plexus repair at ~2 months ages



direct neurorraphy

nerve graft repair

[  end-side repair  ]

nerve transfer

Surgical Strategies for reconstruction
4 main surgical strategies



Fascicular repairEpineurial repair

entubulation / wraparound repair gives axons self-determination?

Lundborg& Dahlin PHB biopolymer

Surgical techniques for nerve repair
3 main techniques



Neurobiology of peripheral nerve injury: 
what actually matters?

DRG

Spinal Cord



Sensory & motor neuron changes

CNS events

Repair site
Proximal stump
Neurosythesis
Distal stump entry zone

Target organs: distal stump, proprioceptive 
& motor

Peripheral nervous system
Dynamic living tissues with complex injury response

DRG

Spinal Cord



Nerve transection causes neuronal death:                                    
a brief therapeutic window exists

Sensory neurons:

20-70% cell death

large myelinated ones more resistant

starts in <24 hours, complete in 2 months

Motorneurons:

30-50% cell death (proximal injury)

starts in 2-4 weeks, complete in ~3 months

some necrose



Neuronal death is restricted by early
nerve repair

DRG volume loss after nerve transection (*p<0.001 vs controls)

Loss reduced by nerve repair (**p<0.01vs. amputees)



Sensory & motor neuron changes

CNS events

Repair site  
Proximal stump
Neurosythesis
Distal stump entry zone

Target organs: distal stump, proprioceptive 
& motor

Peripheral nervous system
Dynamic living tissues with complex injury response

DRG

Spinal Cord



Repair Site –
axons exit the proximal stump

Cellular response: inflammatory, SC, vascular

Outgrowth from proximal stump: 

• “staggered” outgrowth over 4 weeks

• multiple processes

• competitive dieback

• neuroma



DRG explant, 24-60 hours in vitro
NGF(20ng/ML) NAC (50µg/ML) 10% FBS, 37C on flat substrate

Repair Site
outgrowth from proximal stump takes ~ 3 weeks

50υm



Repair Site
attempt to cross the repair site

Vascularisation

Schwann cell migration into repair site

Cues to direct neurite / axonal growth
• tropic vs. trophic factors

• µ / η topographic

• adhesion molecules

Avoid scar interposition

Tension impairs regeneration
Lundborg 2004



NGF(20ng/ML) NAC (50µg/ML) 10% FBS, 37C on flat glass. Scale bar 50µm.

Repair Site
attempt to cross repair

Neurite extension

Adhesion

Intracellular signalling

Selective pruning

Axonal advances

10υm

~3/52 to reach distal nerve
≤50% of fibres get lost

50υm



Guidance cues: tropism, contact, others?

Entry to distal stump: 

• Bands of Bungner

• axon/SC interaction

• competitive dieback

• sensorimotor mismatch

• topographical specificity

• +/- neuroma

Repair Site 
axons must exit the repair

Biomaterials 2015 
May;49:77-89



Growth down distal nerve
better with guidance / support from distal nerve

Trophic support

Tropic cues

Schwann cells

Guidance: topography & stiffness
10υm

10% FBS, 37C 
on 12.5µm width 5µm depth microgrooved 30s plasma treated PDMS. Scale bar 50µm.

~1mm/day

6-18 months to complete regeneration

Then brain needs to reformat



Rat sciatic nerve, repair delayed 0-6 months
Between 1&3 months:

• MN numbers fell

• Axons arrested at the repair site & lose structure

• Schwann cell death & phenotypic deterioration

• Distal stump fibrosis

• Muscle wasting, fiber atrophy, nmj loss, 

• Distal stump change critical to loss of reinnervation

PlosOne



Early plexus repair improves 
motor outcome in ABPI

N=27 upper trunk 
<2 vs. 2weeks-2months vs. >2 
month presurgical delay

Early surgery best 



Reconstruction Upper trunk 
graft & nerve transfer



Neurobiology 
Conclusions
Urgent reconstruction 

Optimise the soft tissues

Promote the biology

• avoid ischaemia – tension free, don’t over tighten the repair

• rotational alignment

• select from repairs, grafts & transfers

Counsel - pain, timecourse, cold, never regain normal function


