M2 Pain and spinal disorders 
pain nerve review
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   - Polymodal response to nociception, touch, thermal stimuli
   - Aδ: small diameter (fast pain), initial response 
           Conduct temperature and pain afferent 
           Sharp, cold stinging pain
   - C: unmyelinated very small diameter(slowpain) pain afferents, 
          Respond to mechano-thermal stimulation
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Summary of Different type of spine pain 
	Type 
	Definition
	Character
	Mechanism 

	Neuropathic pain
(NP) 
	-Pain caused by a lesion or disease of the somatosensory nervous system
- peripheral or central
- is a clinical description (not a diagnosis)
- Demonstrable lesion (revealed with imaging, neurophysiology, biopsies, lab )
	
	Somatosensory: refers to information about the body, rather than information about the external world. 

	Peripheral NP pain

	- pain caused by a lesion or disease of the peripheral somatosensory nervous system 
- Radicular pain is the type of NP for spine
	
	Disc herniation
Spinal stenosis: central or foraminal
Failed back surgery
Spondylolisthesis 

	Radicular pain
	- Radicular pain: 
The pattern of pain experienced in radicular pain is not predictive of the nerve root involved. 
Just pain, no sensory sx 


Pathology
- disc herniation
- Spinal stenosis: central , foraminal
- failed back surgery
- spondylolisthesis





- Radiculopathy:
* A neurological state where conduction is blocked along a spinal nerve or its root
* Numbness: if sensory fibres blocked
* Weakness: if motor fibres blocked. 

Mechanisms
- Compression of a nerve root cause conduction block (paresthesia, weakness) NOT pain. 
- Disc herniation cause nerve root compression can be asymptomatic 


	- Sharp, lancinating, stabbing, electric shock
- Travels in a narrow band
- May be associated with sensory or motor sx or sign
(if radiculopathy) 
- often extends all the way down the lower limb to feet. 
- radicular pain ≠ radiculopathy 
 
	Irritation of the dorsal root ganglion of a spinal nerve.  
- pain arise if DRG is compressed, gives rise to ectopic activity in Aδ, C and Aβ fibres

1. Pain can arise from nerve roots previously damaged
- increased sensitivity to mechanical stimulation and ectopic discharge via (below changes can be seen in any peripheral nerve damage) 
1) Axonal damage
2) Neuroma- in continuity
3) Focal demyelination
4) Intraneural oedema
5) Impaired microcirculation
2. Chemically mediated inflammation  
  (Dominant mechanism) ↑ sensitivity to mechanical stimuli. 

Animal:
- NP to nerve roots ↑vascular permeability, oedema, intravascular coagulation  Damages nerve roots, blocks nerve conduction hyperalgesia, pain behaviour in animals 
- Mediators: PLA1, NO and TNF-α

Human: 
* Herniated disk material attracts macrophages, fibroblasts and lymphocytes, and other inflammatory chemicals
* Disc materials stimulates production of IgM and IgG antibodies to the membrane of nerve roots
* More pronounced changes if disc material has penetrated to the AF (anulus fibrosis) and PLL (posterior longitudinal ligament) 
 nerve root oedema, conduction block and radiculopathy.
* TFI or steroids is effective in treating radicular pain. 

	Nociceptive / MSK pain /
Somatic pain 

Somatic spinal pain(SSP)
	Nociceptive pain:
The pain arising from actual or threatened damage to non-neural tissue and is due to the activation of nociceptors. 
Somatic pain: refers to pain arising from structures that are neither visceral nor neurological. 
-SSP: nociceptive pain arising from a somatic structure within the spine

- Pain is often felt at the source of nociception ( eg. Lumbar discogenic pain felt in the lumbar spine) 
	 

	Pain generators
* Back muscle 
* Interspinous ligaments 
* Lumbar zygapophysial joints 
* Sacroiliac joints 
* Dura mater
* Posterior surface of the lumbar IVD
* trigger point 

Periosteum> ligament> joint capsule> tendon> fascia> muscle
Z joint also proved. 

	Somatic referred pain (SRF) 
	Pain perceived in territory innervated by nerves other than those that innervated the source of pain 
- eg. Lumbar discogenic pain felt in the thigh as a dull ache. 

Sclerotomes: regions of bones, joints and ligaments purportedly innervated by the same spinal cord segment

Kellgren (1939)segmental pain foundation

	-Dull aching gnawing
-Expanding pressure
-Fixed in location
-Diffuse and difficult to localize
- Not associated with sensory or motor symptoms or signs 




	Convergence 
- Afferents from spine structure (muscles, joints, IVD) synapse on the same 2nd order neurons in the dorsal horn that also receive input from deep somatic tissues and skin
- Perceptual ambiguity: when Dorsal Horn neuron is stimulated by one of its convergent afferents, pain is evoked, but neuron does not convey information to the brain as to which of its afferents was the source of pain. 
- Pain is interpreted as from one or both structures rather than from a single, specific source. 

Clinical
1. SRF patterns from Z-joints in the cervical spine can be useful.  But are less consistent in lumbar spine.
       C2-3 can radiate to forehead, behind eyes 
       C6-7: scapular region 
2. SRP are not structure specific (C5/6 disc , Z-joint similar level) 
3. SRP map indicates likely level but not the responsible structure. 
4. SRP not related to Dermatomes (regions of skin innervated by individual spinal nerve), myotomes pattern (muscles innervated by a given spinal nerve) .  

	Nociplastic pain
	Pain that arises from altered nociception despite no clear evidence of actual or threatened tissue damage causing the activation of peripheral nociceptors or evidence for disease or lesion of the somatosensory system causing the pain (IASP) 

- eg. CRPS, fibromyalgia, non-specific chronic low-back pain,IBS, 
	- Pain disproportionate to the nature and extent of injury or pathology 
(hypersensitivity , allodynia, hyperalgesia, wide spread pain involving back and legs)  
- Non-mechanical 
- Unpredictable pattern of pain provocation in response to multiple/ non-specific aggravating/easing factors 
-symptoms vary in severity and location. 

Screening tools
CSI, S-LANSS, DN-4, NPQ
	 Sensitisation 
- centrally or peripherally 
- increased responsiveness of nociceptive neurons to their normal input, and/or recruitment of a response to normally subthreshold inputs
-  Central sensitization: 
   * ↑responsiveness of nociceptive neurons in the central nervous systems to normal or subthreshold afferent input 
  * Characters: 
     - ↓threshold to stimulation. 
     - ↑response to suprathreshold stimuli
     - Spontaneous discharge 
     - ↑receptive field size. 
  * Plasticity: occurs at several level: Dorsal Horn, inhibitory pathways, excitatory pathways 
 * Neuroinflammation also likely to play a role. 
 * Allodynia: pain due to a stimulus that does not provoke pain
  *Hyperalgesia: increased pain from a stimulus that normally provokes pain 




Cause of acute LBP in descending order 
Fracture (4.8%)> tumour (0.7%)> inflammation (0.6%) > infection (0.2%)
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Pain of spinal origin

Neuropathic Nociceptive Nociplastic

Nerve root origin (PIVD,
foraminal stenosis)

Ligaments, muscles, Peripheral and
facets, discs, bone, central sensitisation
dura

Not usually seen in pain of spinal origin

- Dull, aching, gnawing,
Radicula Dull, aching, gnawing
‘expanding pressure’
* Fixed in location
* Diffuse and difficult to localise

* Not associated with sensory
or motor symptoms or signs

+ Sharp, lancinating in quality

+ Travelsina narrow band

+ May be associated with sensory or motor symptoms or signs
if there s radiculopathy

+ Radiculopathy and radicular pain are separate entities

+ Radiculopathy can occur with or without radicular pain

+ Radicular pain can occur with or without radiculopathy

Note: All types of pain




image3.png
Fig 4. Acomposite map of the results n all volunteers depicting the
putative characteristic distribution of pain from zygapophyseal joints.
at segments C2-3 0 C6-7.
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Somatic referred pain patterns from zygapophyseal
joints in the cervical spine can be useful as part of the
diagnostic process to identify the source of pain.

Somatic referred pain patterns from zygapophyseal
joints in the lumbar spine are less consistent, there is
more crossover, and they are less useful in assisting in
identifying a source of pain.
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