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Functional Organization of the Nervous System

Nervous system

Sensory (afferent) division

Transmits information from
periphery to the CNS

Contains receptors

Motor (efferent) division

Transmits information from
CNS to the rest of the body

Sends motor information

Somatic sensory

Visceral sensory

to effectors

Receives sensory
information
from skin, fascia,
joints, skeletal
muscles,
special senses

Receives sensory
information
from viscera

Somatic motor

Autonomic motor

“Voluntary”
nervous system:
innervates
skeletal muscle

“Involuntary”
nervous system:
innervates
cardiac muscle,
smooth muscle,
glands
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Fiber Type Diameter (uM) Myelination

10-20 heavy fast touch

3> moderate medium

1.3 > none slow pain
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(sensory) (interneurons and sensory axons)
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Anterior horn (somatic motor neurons)
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Pathology of Nerve Injuries

= Various mechanisms of injury & Variable damage

=« lransient Ischemia
« Acute nerve compression : 15, 30, 45 min
« Relief of compression
= Endoneurial anoxia

= Seddon’s Classifiaction

= Neurapraxia
« Definition
. Consequences

= Axonotmesis
« Seen typically after close fractures and dislocations
« Wallerian degeneration
« Axonal degeneration

= Neurotmesis
« Variable degree of damage
=« Wallerian Degeneration
« Regeneration



Sunderland Classification of
* Nerve Injuries

Grade |
= Same as Seddon's neuropraxia.

= Gradell
= Same as Seddon's axonotmesis.

« Grade lll
= Neurotmesis with preservation of the perineurium. The endoneurium is disrupted,
with loss of growth guides for axonal regeneration.
Patients should expect a 60-80% recovery.

Fibrosis occurs within the perineurium due to influx of inflammatory cells and fibroblasts,
which hinders axonal regeneration.

« GradelV

= Neurotmesis with preservation of the epineurium. Everything else is disrupted.
The nerve will grossly appear edematous.
Nerve grafting is required.

« GradeV

= Complete transection of the nerve trunk.
. Bypass/jump grafting is required.



Seddon Type

Myelin Endoneurim | Wallerian

Degree Reversible

Intact Intact

1st No Yes Yes No reversible
2nd No No Yes Yes reversible
3rd No No No Yes irreversible



Sunderland
Grade

Myelin Sheath
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Disrupted

Disrupted

Disrupted

Disrupted
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Disrupted

Disrupted
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Disrupted

Disrupted
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Nerve injuries affecting upper limbs

Upper trunk
Middle trunk

Subscapular nerve

Lateral cord

c7
Musculocoutaneous n, c8
Tl
Axillary nerve
Radial n,

Posterior cord

Median n, Medial cord




Nerve Injuries Affecting The

g Lipper Limb

« Brachial Plexus

« Long Thoracic Nerve
« Axillary Nerve

= Radial Nerve

« Median Nerve




Brachial Plexus

Injury

Supraclvicular
VS
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Brachial Plexus Injury
Clinical Features

. Clinical examination should establish:

= The level of the lesion
- Upper plexus injuries
- Lower plexus injuries
- Total plexus injuries

= Preganglionic or postganglionic
- Features suggesting preganglionic root avusions

Burning pain in an anesthetic hand
Paralysis of scapular muscles or diaphragm
Horner’s Syndrome
Severe vascular injury
Associated fractures of the cervical spine
Spinal cord dysfuction

- Histamine Test
- CT Myelography or MRI

« The type of damage
- Neurapraxia, Axonotmesis, or Neurotmesis
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Dorsal scapular:C5 Brachial Plexus

Roots N to subclavius:C56
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ﬁObsteirical Brachial Plexus Injury




Stretch (neurapraxia) : Injury
occurs outside the spinal
.cord . MC

Rupture: nerve is torn outside
the spinal cord . common
form. may require surgical
repair

Avulsion: nerve roots are torn
from the spinal cord
injury.10-20%. Cannot be
surgically repaired directly -
nerve transfers . +/- Phrenic
nerve (diaphragm) +/-
Horner’s syndrome
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* Obstetrical Brachial Plexus Injury

« Erb’s Palsy

= Klumpke's Palsy



Obstetrical Brachial Plexus Injury

Shoulder Dystoch wilh Brachaadl Pieceus lngury

Fiocnia phnas

Position of Infant at Time of
Presentation




Obstetrical Brachial Plexus Injury
* - Clinical Features

=« The diagnosis is usually obvious at birth

« Further examination a day or two later will
define the type of brachial plexus injury.

« Erb’s Palsy

« Klumpke’s Palsy

= X- rays should be taken



Obstetrical Brachial Plexus Injury

* — Erb’s Palsy

waiter's tip hands




Upper Erb’'s C5, C6

Shoulder abduction/external rotation, elbow flexion affected. Good
spontaneous recovery expected in over 80% of cases

Extended Erb’s C5, C6, C7

As above with wrist drop. Good spontaneous recovery in about
60% of cases

Total palsy with no Horner syndrome C5, C6, C7, C8, T1
Complete flaccid paralysis good spontaneous recovery of the
shoulder and elbow in 30-50% of cases. A functional hand may be
seen in many patients

Total palsy with Horner syndrome C5, C6, C7, C8, T1
Complete flaccid paralysis with Horner syndrome. The worst
outcome. Without surgery, severe defects throughout the limb
function

Narakas AO. Obstetric brachial plexus injuries. In: LambDW(Ed.) The paralysed
hand. Edinburgh, Churchill Livingstone, 1987: 116-35.




Obstetrical Brachial Plexus Injury

i — Jotal Plexus

« Infant with total brachial plexus
palsy of the right limb




Upper Erb’s C5, C6
Shoulder abduction/external rotation, elbow flexion affected. Good
spontaneous recovery expected in over 80% of cases

Extended Erb’s C5, C6, C7
As above with wrist drop. Good spontaneous recovery in about
60% of cases

Total palsy with no Horner syndrome C5, C6, C7, C8, T1

Complete flaccid paralysis good spontaneous recovery of the
shoulder and elbow in 30-50% of cases. A functional hand may be
seen in many patients

Total palsy with Horner syndrome C5, C6, C7, C8, T1
Complete flaccid paralysis with Horner syndrome. The worst

outcome. Without surgery, severe defects throughout the limb
function

Narakas AO. Obstetric brachial plexus injuries. In: LambDW(Ed.) The paralysed N

hand. Edinburgh, Churchill Livingstone, 1987: 116-35.




Upper Erb’'s C5, C6
Shoulder abduction/external rotation, elbow flexion affected. Good
spontaneous recovery expected in over 80% of cases

Extended Erb’s C5, C6, C7
As above with wrist drop. Good spontaneous recovery in about
60% of cases

Total palsy with no Horner syndrome C5, C6, C7, C8, T1

Complete flaccid paralysis good spontaneous recovery of the
shoulder and elbow in 30-50% of cases. A functional hand may be
seen in many patients

Total palsy with Horner syndrome C5, C6, C7, C8, T1
Complete flaccid paralysis with Horner syndrome. The worst

outcome. Without surgery, severe defects throughout the limb
function

Narakas AO. Obstetric brachial plexus injuries. In: LambDW(Ed.) The paralysed
hand. Edinburgh, Churchill Livingstone, 1987: 116-35.
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Hand in complete injury




Good Prognosis

Bad Prognosis

Complete recovery possible if biceps
and deltoid are anti-gravity by 2
months

Erb's Palsy

Early twitch biceps activity suggests a
favorable

Lack of biceps function by 3 months
Preganglionic injuries (worst
prognosis), avulsions from the cord,
which will not spontaneously recover
motor function, loss of rhromboid
function (dorsal scapular nerve),
elevated hemidiaphragm (phrenic
nerve).

Horner's syndrome (ptosis, miosis,
anhydrosis): less than 10% recover
spontaneous motor function

C7 involvement

Klumpke's Palsy



Obstetrical Brachial Plexus Injury
— Prognosis

« Paralysis may recover completely

« Paralysis may improve and then remain static

« Paralysis may remain unaltered



* Long Thoracic Nerve Injury

= Mechanism of injury
« Winging of scapula

=« Prognosis



Long Thoracic Nerve Injury
Winging Of Scapula

"3

Winging of scapula




* Spinal Accessory Nerve Injury

« Normal Function
« Dangerous Areas

« Mechanism of Injury
« Clinical Features

« Management




* Axillary Nerve Injury

« Mechanism of injury

= Clinical features

= Management

« Prognosis




* Radial Nerve

Course of radial nerve

Lesions causing radial nerve
injury

Low lesions
High lesions
Very high lesions

TRICEPS ’

o
Ot " RADIAL N.

BRACHIO-
LATERAL * RADIALIS
EPICONDYLE *
. — .+ ECAL

| Pl

:‘ ‘{

~. AL  PostERIOR
: AT wTeROSSEOUS
NERVE

EXTENSOR J
MUSCLES

....... SUPERFICIAL
RADIAL N.

LOWER ARM
PRONATED

)\

¢,.. ' A

{ : d!‘il
A BTN

G 4 *

f
f | '

Fig. 1. Sites of radial nerve compression and iniuries.

® ©



Radial Nerve Injury

Low lesions

= Mechanism of injury

= Clinical Features

Radial
nerve
\

Deep branch
of radial nerve
(posterior

interosseous
nerve)
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Superficial
branch of
radial nerve
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Supinator muscle (superficial head)
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Radial Nerve Injury
High lesions

+

= Mechanism of Injury

nerve

= Clinical Features

Break in humerus
causes damage to

radial nerve

FADAM.



Radial Nerve Injury

* High lesions




Radial Nerve Injury

* Very High lesions




Ulnar Nerve Injury

Anatomy of the Elbow

= Normal Function

Biceps Muscle

Biceps Tendon

[ | Site Of LeSion Radius Anng:!a';:’_(ijgis:ent
= LOow Lesions
= High Lesions

Humerus

Posterior Band
Ulnar

Intermediate Band _ Collateral
Anterior Band Ligament




Llinar Nerve Injury
Low lesions

+

= Mechanism of Injury

= Clinical Features




UlInar Nerve Injury
Low lesions

Area of ulnar
nerve supply




Llinar Nerve Injury
Low lesions

JEANNE'S SIGN FROMENT'S SIGN

Froment's sign results from weakness or absent adduction function of the thumb
The interphalangeal joint of the thumb will flex while pulling on a piece of paper.

Jeanne's sign is hyperextension of the metacarpal joint of the thumb during pinch
strength

This weakness or absent function is seen in low ulnar nerve palsy



Llinar Nerve Injury
High lesions

= Mechanism of Injury

= Clinical Features
- Less ‘clawed’ fingers
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UlInar Nerve Injury
High lesions

..Froment's sign

= Severe interosseous atrophy (arrow)
« Clawing of the ring and small finger



Anterior view Note: only muscles innervated
by median nerve shown

Musculocutaneous nerve :

A Mediannerve (€7, 6,7,8,T1).

Inconstant contribution

Medial Cords of
Postenor brachial

Lateral plexus

Pronator teres muscle thumeral head)
Medial brachial

cutaneous nenee

Articular branch

Medial antebrachial
cutaneous nerve

Flexor carpt radialis muscle
Axillary nerve

Palmarns longus muscle
Radial nerve

Pronator teres muscle (ulnar head)

Ulnar nerve 1’.

Flexor digitorum superficialis muscle,
(turned up)

Flexor digitorum profundus muscle

- lateral part supplied by anterior
interasseous nenve; medial part
supplied by ulnar nerve)

ANterion inlerosseous nerve

Flexor pollics longus muscle

C

Cutaneous
innervation

Pronator quadratus muscle

Nerve i

Abductor pollicis brevis
B | ©pponens potlicis

Flexor pollicis brevis

Thenar
(superficial head;
muscles deep head often
supplied by

ulnar nerve)

> Anastomotic branch
15t and 2nd to ulnar nenye

lumbrical muscles

Common palmar
digital nerves

Proper palmar
Dorsal branches 1o digital nerves

dorsum of middle and
distal phalanges

Posterior (dorsal) view



Median Nerve Injury
Low Lesions

o

=« Mechanism of Injury

= Clinical Features




Median Nerve Injury
Low Lesions

+

Median
Nerve

Area of
sensation
2 Y




Median Nerve Injury
High Lesions

ﬁ

« Mechanism of Injury

Radial
nerve \ 2

= Clinical Features

= Ape hand




Nerve Injuries Affecting The

! Lower Limb

« Femoral Nerve
= Sciatic Nerve
=« Peroneal Nerves




Femoral Nerve
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Femoral Nerve injury
Mechanism of injury




Femoral Nerve injury
Mechanism of injury

Femoral — ;
Pelvic fracture
nerve .
affecting nerve
Numbness ———=— I/
or weakness | A




Femoral Nerve injury
Mechanism of injury

Femoral Nerve Injury
Secondary to Prolonged Dorsal
Lithotomy Position

Detail of Prolonged Stretch-compression
injury 1o the Femoral Nerve
- -
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* Femoral Nerve Injury

= Mechanism of Inj i3

201 8 #17N\
= Clinical Features A~

4,.
. Management ot




Sciatic Nerve
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Sciatic Nerve injury

= Mechanism of Injury

= Clinical Features
= Complete
- Partial

= Management
= Repair
- Splintage
= Tendon Transfer
= Amputation

« latrogenic Sciatic Nerve |







Normal Ankle

Antarior tibio-
fibular ligarment

Anterior talo- iV 800-899-2154
fibular igament TSR SSEae ahes 8t this imags is NOT authorized
for use | semement deposition, madiation, trial. or any
other libgation or nonlitgation use. Consistent with copyright
laws, unauthorized usa or reproduction of this image (or
parts thareof) Is subject to a maximum $150,000 fine
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Peroneal Nerves Injury
* Common Peroneal Nerve Injury

= Mechanism of Injury

Common ~_
« Clinical Features peroneal
nerve
=« Motor
= Sensory Fibula — ]
Tibia —

Broken fibula causes {
damage to peroneal i

nerve

FADAM.



Peroneal Nerves Injury
* Common Peroneal Nerve Injury

Foot Drop



Peroneal Nerves
*Injury

= Superficial Branch

= Deep Branch

=« Management




Nerve Entrapment

g Syndromes

= Median Nerve Entrapment
=« Ulnar Nerve Entrapment
« Thoracic Outlet Syndrome




* Nerve Entrapment Syndromes

= Common Sites
- Carpal Tunnel

= Cubital Tunnel

- Fascial Septa of the Forearm
- Tarsal Tunnel

- Inguinal Ligament

- Thoracic Outlet

= Risk factors



Nerve Entrapment Syndromes
Carpal Tunnel




Nerve Entrapment Syndromes
Tarsal Tunnel

+

Tibialis posterior
Flexor digitorum

longus .
Flexor hallucis

longus
Tarsal tunnel

e W

Flexor retinaculum

Calcaneus



Nerve Entrapment Syndromes
Cubital Tunnel

Medial epicondyle

Ulnar nerve

g > in cubital tunnel T
l})rea 'lnmrvat :
y ulnar nerve - '

Flexor-pronator muscles

Flexor carpi ulnaris muscle X_ Triceps muscle

Biceps muscle

Haderer & Muller LLC Ulnar n.



Nerve Entrapment Syndromes
Inquinal Ligament




Nerve Entrapment Syndromes
Clinical Features

« History
= Pain or Numbness
= Intermittent

- Related to specific postures
Median Entrapment
Ulnar Entrapment

« Physical Examination
= Site of Compression

= Examine for local causes

« Investigations
= NCS



Nerve Entrapment Syndromes
Clinical Features

\ Median nerve is compressed

at the wrist, resulting in
. numbness or pain

Humerus

Radius —1 ]

Ulna

Attempt to break
a fall using the
hands and arms
Colles'

FADAM, e




Nerve Entrapment Syndromes
Clinical Features

From Computer Desktop Encyclopedia’
Reproduced with pemission.
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Nerve Entrapment Syndromes

| Clinical Features

Thenar Atrophy
in

Advance Carpal Tunnel
Syndrome




Nerve Entrapment Syndromes

| Tinel’s Sign




Nerve Entrapment Syndromes

* Phalen’s Test




Nerve Entrapment Syndromes
Treatment

= Simple measures
« Local corticosteroids

= Surgery

= Median Nerve Decompression

= Ulnar Nerve Decompression



Carpal Tunnel Syndrome
Treatment

Median nerve released



Carpal Tunnel Syndrome
Treatment

Transverse
carpal
ligament
released

FADAM.



Carpal Tunnel Syndrome
Treatment

b Two
" ﬁ ianrsion
o ‘ ~ ./ sites
Endoscopic |
Release for
Carpal Tunnel )

_ Syndrome




Llinar Entrapment Syndrome

* Treatment




Llinar Entrapment Syndrome
Treatment

Recurrent Left Cubital Tunned Syndrome with Nerve Transposition Surgery
Recurrent condition Second left elbow open surgical procedure

Clcatrix (scar) Recurrent A. A new lnrger incision Is made
tissue at the comprossion incorporating the prévious scar.
region of previcus  of the wine - -

ulnar peecve narve

K

B. The tissus is turlher released
and the ulnar neeve is




ﬁ Thoracic Outlet Syndrome

Scalene
muscle
Brachial -
plexus ’
Nerve and vascular Trapezius
compression muscle
CIavlcle

° I’? - . / ,’
Extra rib A ,/// __v‘ 3
;{’;’ . Subclavian

l- '\ b
.l\ -

Late presentation



Thoracic Outlet Syndrome
Clinical Features

+

O HiStO!!
= Symptoms
= Timing
- Aggravated factors

= P[E
= Neurological
= Vascular



Thoracic Outlet Syndrome
Adson's lest




Thoracic Outlet Syndrome

* Wright's Test




Thoracic Outlet Syndrome
Investigations

+

« X-Rays
« Electrodiagnostic Tests

« Angiography & Venography



Thoracic Outlet Syndrome
* Differential Diagnosis

= Tumours of the lower cervical cord or cervical vertebrae.

=« Cervical Spondylosis

« Pancoast’s Syndrome

= Ulnar Nerve Compression



Thoracic Outlet Syndrome
Treatment

+

« Conservative

= Operative

- Supraclavicular Approach
. Transaxillary Approach



IDOrSOC LUBet Sy Noecand sin Meseclon of the Fursl K and SCeed MusOes
Normal Anatomy Post-Accident Condition

The swelling

or scarring of
the scalene

| Muscies Caunes

ocompreasion of the |
| eRsls S Nerves |

Thoracic Outlet
Syndrome

Treatment

‘The scalene muscles
‘and the first rib
‘are removed,
decompressing
‘the brachial nerves
‘and vessels.




Prognosis

Age: Ml factor

Level of injury: second M factor
Sharp transections

.Repair delay



