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Ru-Rong J., Zhen-Zhong X., Yong-Jing G. Nature reviews , Drug discovery , 2018. 

NEUROINFLAMMATION IN THE SPINAL CORD DRIVES CHRONIC 

PAIN VIA NEURONɀGLIAL INTERACTIONS AND CENTRAL 

SENSITIZATION  
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ω vlakna senzornog neurona III reda polaze iz talamusa u  
ǎŀǎǘŀǾǳ ǘŀƭŀƳƻƪƻǊǘƛƪŀƭƴƻƎ ǎƴƻǇŀ ȊŀǾǊǑŀǾŀƧǳ ǎŜ ǳ  
primarnom somatosenzornom polju 
όǇƻǎǘŎŜƴǘǊŀƭƴŀ ǾƛƧǳƎŀ ƛ ȊŀŘƴƧŀ ǘǊŜŏƛƴŀ ǇŀǊŀŎŜƴǘǊŀƭƴƻƎ ǊŜȌnja) 

 
ω ŘŜƻ Ǿƭŀƪŀƴŀ ǎŜ ȊŀǾǊǑŀǾŀ ǳ sekundarnom somatosenzornom 

polju (operkularni deo parijetalnog reȌnja) 

 

NOCICEPTIVNI BOL 

TRANSMISIJA 
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ω svesna spoznaja bola 
 

ω ŘŜǑŀǾŀ ǎŜ  ǎŀƳƻ ŀƪƻ ōƻƭƴƛ ƛƳǇǳƭǎƛ ǎǘƛƎƴǳ Řƻ talamokortikalnog nivoa 
 

ω precizna uloga talamusa i kortikalnih senzornih podruőja nije u potpunosti 
 ǊŀȊƧŀǑƴƧŜƴŀ 

 

NOCICEPTIVNI BOL 

PERCEPCIJA 

Hipotalamus 
    Amigdala 
             Hipokampus 
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The brain first perceives the sensation of pain 
  
ω The thalamus, sensitive cortex :  

            perceiving 

                                 describing             of pain 

                                 localizing 

ω Parts of thalamus, brainstem and reticular formation: 

     - identify dull longer-lasting, and diffuse pain 

 ω The reticular formation and limbic system: 

              - control the emotional and affective response to pain 

  Because the cortex, thalamus and brainstem are interconnected 

  with the hypothalamus and autonomic nervous system, perception 

  of pain is associated with an autonomic response          
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Efferent analgesic system 
 

 Its role: - inhibition of afferent pain signals  

Mechanisms:  

  - pain afferents on their way up to CNS send branches to 

    periaqueductal gray (PAG) - gray matter surrounding the cerebral  

    aqueduct in  the midbrain, and  stimulates the neurons there­ 

    ­ activation of efferent (descendent) anti-nociceptive pathways  

  - from there the impulses are transmitted through the spinal cord to 

     the dorsal horn  

  - there thay inhibit or block transmission of nociceptive signals at  

     the level of dorsal horn 



Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries  ð HEPMP 

Descendent antinociceptive systém 

Enk ï enkefalinergic  
PAG ï paraaqueductal gray  
EAA ï excitatory amino acids  
RVM ï rostral ventro -medial medulla  
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Antinociceptive  
placebo effect 
(Zubieta J-Ket al.,2005) 
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Neuropathic pain (NP) 
 

¶ It occurs as a result of injury to or dysfunction of the  

   nervous system itself, peripheral or central. The nerve injury  

   may be induced by pathology in surrounding tissue.    

 

Characteristics of NP ς it may mimic quality of somatic pain 

                                         ς  ƛǘ Ƴŀȅ ƘŀǾŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ αŘƛǎŜǎǘƘŜǘƛŎά 

                                             pain (e.g. uncomfortable, unfamiliar sensation 

                                             such as burning, shock-like, tingling 

                                         ς  may be associated with reffered pain, allodynia, 

                                             hyperalgesia, hyperpathia 

 
   ¶ Hyperpathia ς exaggerated pain responses following a stimulus  

                                  often with aftersensations and intense emotional 

                                  reaction 
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Neuropathic pain often seems to have no obvious cause; but, some 

common causes of neuropathic pain include: 

- Hereditary disorders       - Traumatic nerve damage 

- Metabolic disorders,       - Toxic nerve damage  
- Nerve ischemia,             - Infection of nerve tissue  
- Nerve compression,       -  Immune mediated nerve tissue damage 
 

Example of some diseases leading to NP development  

          
       Alcoholism, Amputation, Back, and Leg, and Hip problems,  
       Chemotherapy, Diabetes mellitus, Facial nerve problems, HIV  
       syndrome, Multiple sclerosis, Shingles (Herpes zoster), Spine 
       surgery  

What are the symptoms of neuropathic pain?  

a) Stimulus indipendent pain 

b) Stimulus evoked pain 

http://www.medicinenet.com/script/main/art.asp?articlekey=8709
http://www.medicinenet.com/script/main/art.asp?articlekey=7778
http://www.medicinenet.com/script/main/art.asp?articlekey=343
http://www.medicinenet.com/script/main/art.asp?articlekey=1967
http://www.medicinenet.com/script/main/art.asp?articlekey=263
http://www.medicinenet.com/script/main/art.asp?articlekey=263
http://www.medicinenet.com/script/main/art.asp?articlekey=422
http://www.medicinenet.com/script/main/art.asp?articlekey=473
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Neuropathic pain ï subtypes  (according a primary location  

                                                             of sustaining mechanism ) 
 
a) Predominating peripheral  generator:   

                        e.g. compression or entrapment neuropathies, plexopathies,  

                                  radiculopathies, polyneuropathies 

 

b) Predominating central generator :  

                          e.g. spinal cord injury,post-stroke pain 

 
 
¶ Deaferentation pain   - form of neuropathic pain: a term implying  that   

                                    sensory deficit in the painful area  is a prominent  

                                       feature  (anesthesia dolorosa ) 

 
Å Phantom pain - pain localizei into non -existing organ (tissue)  
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 ¶ Allodynia - phenomenon characterised by painful sensations 

                          provoked by non-noxious stimuli, (e.g. touch),  

                          transmitted by fast- conducting nerve fibres 

    Mechanism:  changes of the response characteristics of  

                          second - order spinal neurons, so that normally  

                          inactive or weak synaptic contact mediating  

                          non-noxius stimuli acquire the capability to  

                          activate a neuron that normally  responds only 

                          to impulses signaling pain 

Å Hypersensitivity ï increased sensitivity of the system involved 

                                        in the pain processing 

Å Hyperalgesia ï increased the pain sensitivity to noxious stimuli  
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Pathomechanisms involved in genesis  
of neuropathic pain  

1) Neurophysiologic and neuroanatomic changes  
    that may occur in peripherally generated  
    neuropathic pain 
 
a) Abnormal nerve morphology  

    ï grow multiple nerve sprouts,  

   ï some of these sprouts may form neuromas 

   ¶ Nerve sprouts and neuromas can generate  

      spontaneuos activity 

   ¶ Areas of spontaneuos activity (¬sensitivity)  

      are associated with a change in Na+  receptors  

      concentration 

      ï at sites of demyelination 

      ï are more sensitive to physical stimuli  

        (manifested as tenderness)  

Neural axon injury 

Neural axon sprouting and neuroma 

Neural axon 
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b)  Development atypical connections between nerve sprouts or  
    demyelinated axons in the region of nerve damage  

ï permitting Ăcrossïtalkñ between 
   somatic or sympathetic efferents 
   and nociceptors 

c) Anterograde and retrograde  
    transport of coumpounds ­  
    ­ stimulation of nerve cell  
    body to production of  specific  
    genes   
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¶  Most peripheral neuralgias are the result of trauma or  

    surgery. Such a conditions does not necessary occur as  

    a result of damaging a major nerve trunk but may be  

    caused by an incision involving only  small nerve branches  

    (incisional pain) 

    
   Mechanism:  the pain is due to neuroma formation in the  

                          scar  tissue (?) 

Common clinical forms of neuropathic pain 
 

 
Peripheral neuralgias after trauma or surgery 
¶ lumbosacral and cervical rhizotomy,  

ƀ peripheral neuralgia 
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Deaferentation pain following spinal cord injury 
 

¶ Incidence of severe pain due to spinal cord and cauda equina  
    lesions ranges from 35 to 92 % of patients 

   This pain is ascribed to 3 causes: 

 1. mechanically induced pain (fracture bones,  

                 myofascial pain) 

  
 2. radicular pain (compression of nerve root) 
  
  
            3. central pain (deaferentation mechanism) 
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Psychogenic pain ï mechanism  
 
¶ Dysfunction of central mechanisms responsible for 
   processing of sensoric afferent informations 
 
   - releasing of mediators decreasing pain threshold 

   - prolonged muscle contraction due to psychogenic  

     stress 

   - incresed activity of SNS ­ decreasing pain threhold 

   - inhibition of activity of descending antinociceptive  

      system  
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Acute Pain 

We can distinguish two types of acute pain: 

 1. Somatic 

 2. Visceral 

      ς referred 

 
Somatic pain is superficial coming from the skin or close to  

the surface of the body. 

Visceral pain refers to pain in  internal organs, the abdomen,  

or chest. 

Referred pain  is pain that is present in an area removed or  

distant from its point of origin. The area of referred pain   

is supplied by the nerves from the same spinal segment   

as the actual site of pain 

Clinical Manifestation of Pain 
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Different types of chronic somatic pain 
 
I. Nervous system intact 

 1. nociceptive pain 

 2. nociceptive - neurogenic pain 
     (nerve trunk pain) 
 
II. Permanent  functional and/or morphological abnormalities  

     of the nervous system (preganglionic, spinal - supraspinal) 

 1. neurogenic pain 

 2. neuropathic pain 

 3. deafferentation pain 
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The most common chronic pain 

1. Persistent low back pain  

      ï  result of poor muscle tone,  inactivity,  

           muscle strain , sudden vigorous exercise   

2. Chronic pain associated with cancer 
 
3. Neuralgias  

4. Myofascial pain syndromes 

5. Hemiagnosia 

6. Phantom limb pain 
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Neuralgias - results from damages of peripheral nerves 

     a) Causalgia - severe burning pain appearing 1 to 2 weeks after  

                              the nerve injury associated with discoloration and  

                              changes in the texture of the skin in the affected  

                              area. 

     b) Reflex sympathetic dystrophies - occur after peripheral  

                   nerve injury and is characterised by continuous  

                              severe burning pain. Vasomotor changes are  

                              present  (vasodilatation­ vasoconstriction ­  cool  

                              cyanotic and edematous extremities). 

 Myofascial pain syndromes - second most common cause  

                                                            of chronic pain. 

                          These conditions include: myositis, fibrositis, myalgia, 

                            muscle strain, injury to the muscle and fascia 

                          The pain is a result of muscle spasm, tenderness  

                            and stiffness 
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  Hemiagnosia  

      ς is a loss of ability to identify the sorce of pain on one side  

         (the affected side) of the body. Application of painful stimuli 

         to the affected side thus produces anxiety, moaning, agitation  

         and distress but no attempt to withdrawal from or push aside 

         the offending stimulus. Emotional and  autonomic responses  

         to the pain my be intensified. 

  ƀ Hemiagnosia is associated with stroke that produces  

      paralysis and hypersensitivity to painful stimuli in the 

      affected side 

 Phantom limb pain - is pain that an individual feels in  
                                         amputated limb 
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Pathophysiology of muscle pain 

¶ Muscle pain - a part of somatic deep pain, 

   (MP)                - it is common in rheumathology and sports  

                               medicine 

                           - is rather diffuse and difficult to locate 

  
¶ MP is not a prominent feature of the serious progressive diseases  

   affecting muscle, e.g. the muscular dystrophies, denervation,  

   or metabolic myopathies, but it is a feature of rhabdomyolysis 

  
¶ Muscles are relatively insensitive to pain when elicited by needle  

   prick or knife cut, but overlying fascia is  very sensitive to pain. 

   Events, processes which may lead  to muscular pain are: 
   ƀ metabolic events:  
             ω metabolic depletion (® ATP ­  muscular contracture) 
             ω accumulation of  unwanted metabolities (K+, bradykinin) 
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Pathophysiology of visceral pain 

 ¶ Visceral pain:  

     Types - angina pectoris, myocardial infarction, acute   

                   pancreatitis,  cephalic pain, prostatic pain,  

                   nephrlolythiatic pain 

 

      ¶ Receptors: unmyelinated C - fibres 

      ¶ For human pathophysiology the kinds of stimuli apt to  

          induce pain in the viscera are important.  

   It is well-known that the stimuli likely to  induce cutaneous  

    pain are not algogenic in the viscera. This explains why in  

    the past the viscera were considered to be insensitive  

    to pain 
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  Adequate stimuli of inducing visceral pain: 

      1. abnormal distention and contraction of the hollow  

           viscera muscle  walls 
      
       2. rapid stretching of the capsule of such solid visceral  

           organs as are the liver,  spleen,  pancreas... 
      
       3. abrupt anoxemia of visceral muscles 
      

      4. formation and accumulation of pain - producing  

           substances 
      
      5. direct action of chemical stimuli (oesophagus, stomach) 
      

      6. traction or compression of ligaments and vessels 
      

      7. inflammatory processes 
      

      8. necrosis of some structures (myocardium, pancreas) 


