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Spinal disorders: Part II



Learning objectives

___________________________________________________________

• NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

• NS12.2 Identify the spinal cord and nerve root on MRI

• NS12.3 Demonstrate on a patient the dermatomes supplied by cervical, thoracic, lumbar and   

sacral nerve roots 

• NS12.4 Demonstrate the movements supplied by cervical, thoracic, lumbar and sacral nerve                      

roots  

• NS12.6 Describe the symptoms and signs of spinal cord compression (including cauda equina

syndrome)

• NS12.12 & 12.20  Describe the relationship between the segmental nerve roots, the spinal nerves, 

the vertebral column and the intervertebral foraminae in i) health and,                                               

ii) acute disc herniation

• NS12.13 Describe sciatica and other manifestations of intervertebral disc prolapse

• NS12.14 Outline the management of acute disc prolapse

• NS12.15 Discuss indications for neurosurgery in the management of a patient with prolapsed 

intervertebral disc 



•NS12.16 List other causes of root compression or plexus lesions

•NS12.17 Describe the structure, function and biochemistry of the intervertebral disc in i) health,  

ii) ageing and, iii) acute disc herniation

•NS12.18 Demonstrate the landmarks and surface anatomy used in the examination of the back  

•NS12.19 Identify the radiological features (on x-ray and MRI) of the lumbar region in i) health, ii) 

common back problems iii) serious spinal pathology 

•NS12.22 Distinguish between lesions of spinal nerve roots and peripheral nerves

•NS12.23 Describe the expected sensory loss associated with lesions of the spinal cord, spinal 

roots, and peripheral nerves and distinguish these from peripheral neuropathy in a  

simulated patient. 

•NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc 

herniation, osteoarthritic disease, spondylolisthesis) including indications for  

decompressive surgery 

•NS12.25 Describe the pattern of symptoms, sensory and motor loss in an acute cauda equina

lesion 

Learning objectives

___________________________________________________________



Anatomy: Vertebral column 
NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

___________________________________________________________

4 regions: 

Bony anatomy varies 

a little between each region

• Cervical

• Thoracic

• Lumbar

• Sacral



Anatomy: Vertebral column – typical vertebra
NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

___________________________________________________________



The intervertebral disc
NS12.17 Describe the structure, function and biochemistry of the intervertebral disc in i) health,  ii) ageing and, iii) acute disc herniation

____________________________________________________________

• Function –

to permit stable motion of the spine while supporting 
and distributing loads under movement.

• Annulus fibrosus –

Multilaminated ligament that encompasses the 
periphery of the disc space. 

Attaches to the end plate cartilage and ring apophyseal
bone.

Blends centrally with the nucleus pulposus.

• Nucleus pulposus –

The central portion of the disc. 

A remnant of the notochord.

• Capsule –

Combined fibres of the annulus fibrosus and the 
posterior longitudinal ligament. 



The intervertebral disc: changes with age
NS12.17 Describe the structure, function and biochemistry of the intervertebral disc in i) health,  ii) ageing and, iii) acute disc herniation

____________________________________________________________

• Nucleus becomes less hydrated and more collagenous. 

• It discolours, changing from white to yellow-brown in colour 

through the accumulation of products of non-enzymatic 

glycosylation; these reducing flexibility. 

• The boundary between nucleus and annulus becomes 

increasingly blurred and the annular rings thicken and appear 

more disorganised. 

• Type X collagen is found in the matrix of elderly and of scoliotic

discs and may be associated with abnormal calcification in 

these areas. 

• Eventually cracks and fissures appear in the endplate, nucleus 

and annulus and the disc thins and distorts. 

• In the final stages of degeneration or ageing the matrix almost 

vanishes to be replaced by disorganised scar or granulation 

tissue. 



Anatomy: Spinal cord 
NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

___________________________________________________________

• Approximately 45cm long

• Originates from medulla

• Through foramen magnum

• Ends as conus medullaris

– Foetus: S2

– Newborn: L3

– Adult: L1-2

• Cauda equina – motor and sensory nerve roots

– Floating in the subarachnoid space 

– Exiting through lumbar and sacral foramina

• 2 enlargements:

– Cervical C5 – T1: for brachial plexus

– Lumbosacral L2 – S3: for lumbar and sacral plexuses 



• Meningeal coverings of the cord

– Continuous with brain

– Cord closely ensheathed by pia mater

– Inferiorly the pia continues as filum terminale –

pierces distal extremity of dural sac, to become attached to coccyx

– Pia mater forms the denticulate ligaments –

secure the cord within the dural sac

– Space between arachnoid and pia mater, containing CSF

– Dura forms a tough sheath; ends distally at S2; anchored to coccyx by  filum terminale

– All layers continue along spinal nerve roots

Anatomy: Spinal cord 
NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

___________________________________________________________



Anatomy: Spinal cord 
NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

___________________________________________________________



Anatomy: Nerve roots and relations
NS12.1 Anatomy of the vertebral column, intervertebral discs, spinal cord and nerve roots 

____________________________________________________________

Vertebral body

Pedicle

L4 nerve root already exited Far lateral disc herniation -
catching the L4 nerve root 

Routine L5/S1 disc herniation -
catching the transiting S1 nerve 
root 



Cancer or infection:  

Extremes of age (< 20 > 50)

History of cancer

Unexplained weight loss

Immunosuppression

IV drugs

Back pain not improved with rest

Spinal fracture: 

Trauma

Steroids

Age> 70

History taking & “Red flags” 

____________________________________________________________

Cauda equina syndrome:

Acute onset urinary retention

Faecal incontinence / loss of anal sphincter 
tone

Saddle anaesthesia

Global / progressive weakness in legs



Use your GALS (Arthritis Research) system –

Look, Feel, Move

With the patient standing:

• Inspect from the side and from behind

• Palpate the spinal processes and paraspinal muscles

• Assess movement: lumbar flexion and extension and lateral flexion; 

cervical flexion, extension, rotation and lateral flexion

With the patient sitting on couch:

• Assess thoracic rotation

With the patient lying on couch:

• Perform straight leg raising and full neurological examination of 

upper and lower limbs

Clinical examination of a spinal patient:

Examination of the back
NS12.18 Demonstrate the landmarks and surface anatomy used in the examination of the back  

____________________________________________________________



Clinical examination of a spinal patient: 

Dermatomes 
NS12.3 Demonstrate on a patient the dermatomes supplied by cervical, thoracic, 

lumbar and  sacral nerve roots 

NS12.4 Demonstrate the movements supplied by cervical, thoracic, lumbar 

and sacral nerve roots  

_____________________________________



Clinical examination of a spinal patient:

Myotomes
NS12.3 Demonstrate on a patient the dermatomes supplied by cervical, thoracic, lumbar and  sacral nerve roots 

NS12.4 Demonstrate the movements supplied by cervical, thoracic, lumbar and sacral nerve roots  

____________________________________________________________





As the spinal canal is a rigidly enclosed cavity, any expanding disease process will eventually cause cord and / or 

root compression. 

Symptoms and signs depend on the site and the level of the compressive lesion. 

• Pain

• Nerve root / segmental damage

• Long tract signs – upper motor neuron signs / sensory disturbance

• Bladder / bowel disturbance

Remember: the spinal cord ends at L1/2 (the conus); beyond that it is the cauda equina

Spinal cord compression vs nerve root compression
NS12.6 Describe the symptoms and signs of spinal cord compression (including cauda equina syndrome)

NS12.16 List other causes of root compression or plexus lesions

NS12.22 Distinguish between lesions of spinal nerve roots and peripheral nerves

NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________



PAIN:

• Midline spinal pain – worse at night, worse lying down

• Radicular – brachalgia, girdle pain, sciatica

• Central – dysaesthesia

Clinical manifestations of spinal cord/root compression
NS12.6 Describe the symptoms and signs of spinal cord compression (including cauda equina syndrome)

______________________________________________________________

MOTOR:

• Root compression – radiculopathy, Lower motor neurone (LMN) signs

• Cord compression – myelopathy, Upper motor neurone (UMN) signs: 

Arms – clumsiness of hands, distal worse than proximal, extensors weaker than flexors

Legs  - stiff, tripping, flexors weaker than extensors

SENSORY DISTURBANCE:

• May be first symptoms 

• Posterior columns

• Spinothalamic tract

AUTONOMIC:

• Decompensation and rapid deterioration

• Bladder function - reflex neurogenic bladder

• Bowel function - constipation and poor tone

• Sexual function



MYELOPATHY:

Pathological condition of the spinal cord

Compressive / toxic / metabolic aetiologies

Clinical signs and symptoms depend on which spinal cord level (cervical, thoracic or lumbar) is affected and 

the extent (anterior, posterior or lateral) of the pathology, and may include:

• upper motor neuron signs (weakness, spasticity, clumsiness, altered tone)

• pathological hyperreflexia and downgoing plantar reflex (positive Babinski sign)

• sensory deficits

• bowel/bladder symptoms and sexual dysfunction

Signs of spinal cord / root compression
NS12.6 Describe the symptoms and signs of spinal cord compression (including cauda equina syndrome)

______________________________________________________________

RADICULOPATHY:

Dysfunction of a nerve root

Signs and symptoms may include:

• pain in the distribution of that nerve root

• dermatomal sensory disturbances

• weakness of muscles innervated by that nerve root

• hypoactive muscle stretch reflexes of the same muscles



Surgical sieve:

• Trauma, fractures

• Malignancy, primary or secondary

• Infection, e.g. abscess

• Vascular, e.g. spinal epidural haematoma

• Metabolic, e.g. osteoporotic fracture

• Degenerative, e.g. disc prolapse

• Most common cause of nerve root compression = degenerative and disc prolapse

Causes of spinal cord & nerve root compression
NS12.6 Describe the symptoms and signs of spinal cord compression (including cauda equina syndrome)

NS12.16 List other causes of root compression or plexus lesions

NS12.22 Distinguish between lesions of spinal nerve roots and peripheral nerves

NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________



Brachial plexus:

• Pancoast syndrome –

– Tumour (lung apex)

– Infection

– Inflammatory (granuloma / amyloid)

• Idiopathic brachial plexitis

• Cervical rib

• Viral 

• Following radiotherapy

• Diabetes

• Vasculitis

• Inherited

• Trauma

Brachial and Lumbosacral plexus compression:
NS12.16 List other causes of root compression or plexus lesions

____________________________________________________________

Lumbosacral plexus:

• Pelvic mass –

– Tumour 

– Infection

– Inflammatory (granuloma / amyloid)

• Idiopathic 

• Viral 

• Following radiotherapy

• Diabetes

• Vasculitis

• Inherited

• Trauma

The brachial and lumbosacral plexi can also be compressed.



Degenerative spine
NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________

The principles of management of degenerative disease in the spine, whether in the cervical, thoracic or 

lumbar region, are:

• To prevent the patient from  deteriorating neurologically

• Maintaining function

• To relieve symptoms caused by nerve compression

Surgery is not to treat back or neck pain per se.

Aside from disc prolapse causing sciatica and the emergency condition of cauda equina syndrome, the 

common conditions neurosurgeons see in practice are:

• Lumbar canal stenosis (usually older people, although some patients with congenitally narrow canal)

• Lumbar spondylolisthesis (slip of the vertebral bodies on one another)

• Cervical radiculopathy – patients presenting with arm pain (brachalgia), due to nerve root foramen 

stenosis

 



Degenerative spine
NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________

Typical investigation includes:

• Imaging – MRI

• Nerve conduction studies if not clear from the history, examination and imaging findings

Typical treatment includes:

• Initial trial of conservative management, which might include analgesia, nerve root injections

• Surgical management to physically decompress the nerves by removing bone, or bone and disc, and 

overgrown (hypertrophied) ligament / soft tissue



Intervertebral disc prolapse: Sciatica (nerve root)
NS12.13 Describe sciatica and other manifestations of intervertebral disc prolapse

____________________________________________________________

Symptoms of sciatica:

• Back pain progressing to leg pain, 

radiating down buttock

• Pain worse on coughing

• Weakness

• Numbness

• Bladder problems

Signs of sciatica:

• Paravertebral muscle spasm

• Antalgic gait

• Reduced passive straight leg raise                           

(Lasègue test / Sciatic Stretch Test)

• Motor and sensory disturbance dependent on  

level, e.g. weak EHL (L5)

What is “Sciatica”? 

Pain along the course of the sciatic nerve, usually resulting from nerve root compromise 



Intervertebral disc prolapse: L4/5 disc
NS12.19 Identify the radiological features (on x-ray and MRI) of the lumbar region in i) health, ii) common back problems iii) serious spinal    

pathology 

____________________________________________________________

Midline sagittal Left of midline sagittal

Axial above disc –

normal nerve root 

foramen

Axial at disc –

left sided disc 

prolapse causing 

nerve root foramen 

stenosis



• MRI

• Nerve conduction studies

• Myelography

• Conservative management - analgesia, physiotherapy

• Pain clinic – nerve root injections / epidural injections

• 85% with acute disc herniation will improve without surgery in 6 weeks

• 70% within 4 weeks

• Surgical treatment - lumbar decompression (discectomy / microdiscectomy)

• Indications for surgery: -

failed conservative treatment

severe pain

progressive motor deficit

cauda equina syndrome

Sciatica: investigation & treatment

____________________________________________________________



Cauda equina compression:
NS12.25 Describe the pattern of symptoms, sensory and motor loss in an acute cauda equina lesion 

NS12.6 Describe the symptoms and signs of spinal cord compression (including cauda equina syndrome)

____________________________________________________________

Clinical syndrome resulting from compression of the cauda equina nerve roots

• Causes: any compressive lesion below L1/2

Prolapsed intervertebral disc

Tumour

Abscess

Trauma

Haematoma

• Presents with a variable combination of:

Leg pain, classically bilateral +/- low back pain

Anaesthesia in the sacral distribution +/- loss of anal reflex

Urinary retention with overflow incontinence

Motor weakness of L4, L5, S1, S2

Sexual dysfunction



• CES does not always produce the classic triad of 

leg pain, saddle anaesthesia + urinary disturbance

Any patient who has sensory disturbance in S2,3,4, should have high index of suspicion....

Have a low threshold for scanning!

• Timing of onset of symptoms critical because it influences timing of surgery; i.e. the longer the symptoms 

have been present, the less likely to regain function

• Completeness of symptoms also important as strongly correlated with recovery potential – patients 

having incomplete cauda equina syndrome having a better prognosis

Cauda equina syndrome

____________________________________________________________



• Neurogenic claudication: 

progressive bilateral leg pain, numbness, weakness

• Limitation of walking distance

• Postural relief / aggravation of leg pain and back pain

• Bladder symptoms

• Examination may be unremarkable

Degenerative Spine:

Lumbar spinal stenosis
NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________



• Sitting / bending not just stopping and standing (cf. arterial claudication)

Lumbar spinal stenosis: postural relief

_____________________________________________________



Conservative :

• analgesia

• physiotherapy

• osteopathy

• chiropractic

• facet joint injections

• epidural injection

Lumbar spinal stenosis:

Management options

_____________________________________________________

Surgery :

• Lumbar laminectomy

• Laminectomy and fusion

• Interspinous distraction procedure



Degenerative spine: Surgical management 

Lumbar decompression: laminectomy / discectomy

____________________________________________________________



Aims

• Improve walking distance

• Improve leg pain

• Improve back pain

• Prevent deterioration

• Reverse deficit

Surgery - laminectomy

• Back pain 

• No improvement

• CSF leak / dural tear

• Infection

• Haematoma

• Recurrence of symptoms

• Nerve damage

• Paralysis including weakness, incontinence, 
sexual dysfunction

Risks / benefits of lumbar decompression

_____________________________________________________



Degenerative spine:

Cervical radiculopathy
NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________

As with lumbar disc herniation, cervical disc herniation can cause compression of the nerve root.

This results in radicular pain down the arm in the corresponding dermatome - brachalgia.  

Almost all herniated cervical discs cause painful limitation of neck movement.

Some patients find relief elevating the arm and cupping the back or the top of the head with the hand 

(abduction relief sign).

Lhermitte’s sign (electric-shock like sensation radiating down the spine) 

may be present.

Spurling’s sign – radicular pain reproduced when examiner exerts 

downward pressure on vertex while tilting head towards symptomatic side.  

This causes narrowing of the intervertebral foramen and possibly increases 

disc bulge.



Degenerative spine:

Cervical radiculopathy
NS12.24 Explain the management principles in spinal root compression (cervical and lumbar disc herniation, osteoarthritic disease, 

spondylolisthesis) including indications for decompressive surgery

____________________________________________________________

Midline sagittal Axial – level above disc 

herniation – normal open 

nerve root foramen

Axial – level at left side disc 

herniation – nerve root 

foramen compromise



• How to perform a neurological examination of the patient

• Appreciate common degenerative spine conditions, basic treatment and when to refer onwards

• Recognise cauda equina syndrome, flag it up to your seniors and refer to neurosurgery

• Recognise red flags for possible malignancy / infection with back pain

• Recognise potential spinal cord compression, arrange imaging and refer to neurosurgery

• When to call the neurosurgeon?

• Answer: if suspicion of any of above, get your senior to review the patient, arrange appropriate imaging, 

and call us!

Summary: 

What you, the FY1 Dr, needs to know about spine:

____________________________________________________________
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