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The peripheral nervous system



The peripheral nerve



Anatomy of the peripheral nerve

Elements of the peripheral nerve:
– Axons and Schwann cells
– Connective tissue elements
– Blood vessels



Internal structure of the peripheral nerve

– Axons are organized into fascicles

– Fascicles are organized into fascicle
groups

– Continuous interchange of axons
between the fascicles: plexiform
structure

The ratio of fascicles versus connective tissue elements ranges between 25 and 75%



Internal architecture of peripheral nerves

 Plexiform structure

 Fibers to a specific
target run together from
proximal to distal

 Plexiform structure is 
less evident distally



Myelin sheath and nerve conduction

Saltatory conduction of a myelinated nerve fiber

Myelin sheath:
 Provides insulation to the nerve fiber
 Increases fiber diameter
 Allows for saltatory conduction
 Dramatic increase of conduction velocity

 Myelinated fibers: 35-75 m/s
 Unmyelinated fibers: 1-5 m/s

Node of 
Ranvier



Main types of peripheral nerve damage

Conduction block
(neurapraxia, focal
demyelination)

Axonal damage
(axonotmesis,
neuronotmesis)

Symptoms: sensory
loss,  weakness

Symptoms: sensory
loss, weakness, muscle
atrophy

Wallerian degeneration



Types of peripheral nerve damage: Seddon classification

Conduction block, no denervation, no muscle
atrophy

Denervation (muscle atrophy), favourable
prognosis of nerve regeneration (intact basal
lamina)

Denervation, unfavourable prognosis of nerve
regeneration due to the damage of connective
tissue elements



Symptoms and signs of peripheral
nerve damage

Sensory fibers: sensory loss in the innervation area of the
affected nerve

Motor fibers: weakness / wasting of the muscles innervated
by the affected nerve

Autonomic: loss of sweating, dry skin, vasodilatation



Localization within the peripheral nervous system

Root / spinal segment?

Plexus?

Peripheral nerve?

Peripheral nerve – at what level
is the nerve damaged?



Localization within the peripheral nervous system

Root / spinal segment?

Plexus?

Peripheral nerve?

Peripheral nerve – at what level
is the nerve damaged?

Distribution of weakness / 
muscle atrophy and sensory loss



Pitfalls in the localization of focal nerve lesions

A partial proximal nerve lesion may selectively affect only
one nerve fascicle
 clinically the lesion appears more distal

Longer axons are more sensitive to compression
 distal symptoms are more pronounced



Mislocalization of peroneal nerve lesion

Enhancing fusiform schwannoma of the
sciatic nerve

Proximal (sciatic nerve) lesions may mimic a distal peroneal nerve lesion: peroneal and 
tibial nerve fibers run separately in the sciatic nerve, and may be affected separately



Median nerve

forearm 
flexors

thenar

motor innervation                                   sensory innervation



Distal median nerve damage: carpal tunnel syndrome

 Incidence:
200-500 / 100,000 / year
3 times more common in 
women

Causes:
 idiopathic
 overuse (housewife, 

athletes, carpenters)
 change of tunnel 

anatomy (arthritis, 
edema, fractures, etc.)

 diabetes



Carpal tunnel syndrome
thenar atrophy

ulcer due to sensory loss

Symptoms:
 painful paresthesia of the hand during the night, pain in the whole arm
 dominant hand is affected first, but bilateral involvement in most cases
 advanced stage: sensory loss on digits 1-4, thenar atrophy and 

weakness → deterioration of hand function
 finger flexors are spared

area of sensory loss
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Normal median nerve in the carpal tunnel in longitudinal section

Carpal tunnel syndrome: nerve ultrasound
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Carpal tunnel syndrome



Dist Prox

Carpal tunnel syndrome



Video: from proximal to distal at the wrist

Carpal tunnel syndrome



Proximal median nerve damage

1

2
Weakness of all median nerve muscles: 
‘oath hand’ when making a fist

Weakness of flexion of the distal phalanx of digit 1-2  
without sensory loss: inability to pinch

1

2



Ulnar nerve

motor innervation                                         sensory innervation

ulnar forearm 
flexors

small hand 
muscles



Ulnar neuropathy at the elbow (UNE)

Extension Flexion

1 Retroepicondylar lesion (more common)
 chronic compression and stretch, old elbow fracture, arthrosis, diabetes

2 Cubital tunnel syndrome
 idiopathic, repeated elbow flexion

1

2

2



Ulnar neuropathy at the elbow (cubital tunnel
syndrome)

Symptoms:

sensory disturbance of digit 5, half of 
digit 4, and ulnar edge of the hand

weakness of hypothenar, interosseus
and adductor pollicis muscles

weakness of ulnar forearm flexors
(variable)

atrophy if the lesion is axonal

claw hand (‘benediction posture)’

Tinel’s sign at the elbow
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Normal ulnar nerve at the elbow
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CSA: 7 mm2 CSA: 23 mm2                                                                                                                 CSA: 7 mm2

Epicond Olec

Ulnar nerve compression at the elbow: cubital tunnel syndrome
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CSA: 19 mm2

Ulnar nerve compression at the elbow: cubital tunnel syndrome



Ant Post Dist Prox

Epicond
Olecranon

Accessory muscles: anconeus epitrochlearis muscle

Anatomical variations causing nerve pathology



Ant Post Dist Prox



Absence of Osborne ligament: snapping triceps syndrome

Anatomical variations causing nerve pathology

Ant Post



Segmental innervation

Dermatome: skin area innervated
by a single posterior spinal nerve
root

Myotome: muscles innervated by a 
single anterior spinal nerve root



Segmental versus peripheral nerve damage

C8-Th1 segmental damage (e.g. discal herniation) versus ulnar nerve
damage (e.g. cubital tunnel syndrome)

 Weakness and atrophy of small
hand muscles

 The atrophy of the first dorsal
interosseus muscle is the most 
conspicuous

 Claw hand

 Sensory loss on the 4-5th finger



Segmental versus peripheral nerve damage

C8-Th1 segmental damage (e.g. discal herniation) versus ulnar nerve
damage (e.g. cubital tunnel syndrome)



Segmental versus peripheral nerve damage

C8-Th1 segmental damage versus Ulnar nerve damage

 Weakness / atrophy of ulnar innervated
small hand muscles: C8-Th1

 Sensory loss on the 4-5th finger

 Weakness / atrophy of ulnar innervated
small hand muscles: C8-Th1

 Sensory loss on the 4-5th finger (half of 
4th finger)

 Weakness / atrophy of the thenar:
median nerve – Th1

 Weakness / atrophy of extensor
indicis proprius muscle:
radial nerve – C8

 Sensory loss on the medial aspect of 
the forearm – Th1



Segmental versus peripheral nerve damage

L5 segmental damage (e.g. discal herniation) versus common
peroneal nerve damage (e.g. compression at the fibular head)

 Weakness of dorsiflexion of the foot and toes
(drop foot)

 Weakness of foot pronation

 Sensory loss: foot, great toe, lower leg



Segmental versus peripheral nerve damage

L5 segmental damage versus Common peroneal nerve damage

 Weakness / atrophy of peroneal
nerve innervated leg muscles
(extensor and peroneal muscle
groups: L5)

 Sensory loss: hallux (lower leg) 

 Weakness / atrophy of peroneal nerve
innervated leg muscles (extensor and 
peroneal muscle groups: 

 Sensory loss: dorsum of the foot, 
lateral aspect of the leg

 Weakness of tibial posterior muscle
(supination of the foot): posterior
tibial nerve, L5

 Weakness of gluteus medius muscle
(hip abduction): superior gluteal
nerve, L5



L5 indicator muscle: extensor
hallucis longus (90% L5)



Radial nerve

motor innervation

triceps

forearm 
extensors

sensory innervation



Radial nerve lesion on the upper arm

Caused by external compression
of the nerve in the spiral groove:
 during sleep
 common in alcoholics
 Saturday night palsy
 park bench paralysis
 lover’s palsy

Symptoms:
 wrist drop
 triceps is spared
 numbness on the dorsal radial aspect 

of the hand



Radial nerve lesion on the forearm: posterior interosseus nerve
in the supinator tunnel

Finger drop, but no wrist drop
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Supinator tunnel syndrome

Progressive weakness of finger extension



Before release of PIN                                                                               after release

Frohse arcadeNerve



Thank you for your attention!


