Pathophysiology of central nervous system

Nervous system ensures the functional unity of the body integrating the activity of different systems of organs, controls relations of the human body with environment and adaptation to variable conditions of this. The structural and functional unit of CNS is represented by neuron, a cell which is specialized in reception of stimuli from internal and external environment, transportation of impulses toward superior nervous structure, elaboration and transmission of impulses toward effector organs. There can be distinguished three types of neurons: motor, sensitive and associative. 

Nervous center represents a totality of neurons at the level of CNS which ensure control of one well defined function. For the nervous centers there is characteristic a tight, rigid connections between neurons which are genetically determined. Synapse represents a place of contact between two neurons or connection between neuron and effective structure. There can be differentiated axo-dendritic, axo-somatic and axo-axonic synapses. Every synapse involve following structures: presynaptic membrane, synaptic cleft and postsynaptic membrane. Presynapse represents a presynaptic thickening of the axon which contains many mitochondria and numerous vesicles with mediators. Synaptic cleft contains interstitial fluid and enzymes which breakdown the neuromediators. At the level of postsynaptic membrane there are specific receptors for neuromediators.

Excitability is the property of cells and tissues to become active under the influence of an internal or external stimulus. 

The stimulus represents a fulminating modification of the energy that appears from internal medium or from the environment, which increases the permeability of the cell membrane, produces the membrane’s depolarization, forms the action potential and as a result produces cell excitation. 

The measure of excitability is the threshold of excitation- the minimum value of a stimulus, which provokes excitement. 


Conductibility is the property of nervous fiber to conduct excitation.

Disturbances of sensitive function
Sensibility represents a basic characteristic of living organisms that allows it to realize an active “equilibrium” with the environment and more adequate adaptation to the new conditions. By sensitivity can be understood the consciousness recognition of a stimulus that influences on the organism.

Sensation can be considered as an elementary process, perception is a process that entails comparison, differentiation and interpretation of some sensations.

The nervous system contains an “entrance” system (input) of information, represented by the sensorial receptors, a system of “transfer” represented by nervous fibers, a “processing” system and an “exit” system and the distribution of the message to effector organs.

Information from environment, SNC is receiving through analyzers – specialized structures in perception and processing of the excitation and formation of sensations.

The sensorial analyzer includes:

· The peripheral portion formed from receptors that interact directly with excitatory agent;

· The conductive part, which convey  excitation from the receptors toward cerebral cortex;

· The central portion which is represented by a projection zone of nervous impulses at the level of cerebral cortex.


The morpho-functional elements of the analyzer are:

1. receptor;

2. the first sensitive neuron situated outside the SNC (usually at the level of spinal ganglion);

3. the second neuron situated in spinal cord,  medulla or midbrain;

4. the third neuron situated in thalamus or geniculate body;

5. the forth neuron is located in cerebral cortex
Receptors are specialized nervous cells or aneural cellular structures that transform the information from stimuli of the internal or external environment in nervous impulses codified in frequency. The property of transforming different stimuli in nervous impulses is common to all neurons, but the receptors are activated by specific modifications. 

Depending on the location and type of excitatory, the receptors can be classified in:

· exteroceptors - represent specialized structures and include mechanoreceptors that perceive the contact, pain, the body position, sound, photoreceptors that give information about a light and color quantities, chemoreceptor that perceive the chemical composition of mediums and thermoreceptors. 
· Proprioceptors - proprioceptors exclusively take part from mechanoreceptors class and are involved in control of the motor functions, signalizing velocity, tension and degree of the muscle shortage.

· interoreceptors - specific only for vegetative nervous system having the property to initiate the processes generating the specific sensations and being able to regulate the organism’s vegetative functions.
Specialized receptors (sensors) of the skin are stimulated by touch (mainly Meissner bodies), pressure or tension (mainly Ruffini bodies), vibration (mainly Pacini bodies), hair movement (hair follicle receptors), or temperature (cold and heat receptors). Stretch receptors (proprioceptors) in muscles (muscle spindles), tendons (Golgi tendon organs) and joint capsules transmit information about motor activity, while receptors in various internal organs provide information about stretching of hollow organs and concentration of certain substances (CO2, H+, glucose, osmolarity). Pain stimuli are perceived by nociceptors (free nerve endings) in the skin, motor apparatus, internal organs, and vessels.

Ways of sensorial sensibility
The sensitive-sensorial action potential is taken from the receptors level by the dendrites of the first sensitive neuron, usually situated outside the cerebrospinal axis. The sensitive neurons constitute the “final, common way” that transfers in SNC information in a form of action potential (nervous impulses). The axons of the extranevraxial sensitive neurons situated either in the spinal ganglion from the posterior roots of the spinal nerves or at the level of similar structures located on cranial nerves enters in the CNC by antero-lateral spino-thalamic tracts.

Spinothalamic tract is composed of three neurons. Protoneuron is located at the level of spinal ganglion which is attached to posterior spinal roots. The short axon enters in the posterior horns of the spinal cord and make synapse with deutoneuron, especially at the level of gelatinous substance located at the level of tip of posterior horns, where these emit collaterals and nervous fibers which will form Call and Burdach fascicules. The fibers of the second neurons after crossing will form spinothalamic lateral and ventral fascicules. These two fascicules pass through brain stem, laterally from the medial lemniscus and form collaterals which reach the reticular formation at the level of midbrain.

The spino-thalamic fascicle is ending in ventro-postero-lateral nucleus of the thalamus near by the Goll and Burdach fascicles, as well as in the unspecified nuclei located at the level of the median line and in the intralaminar nuclei. The cortical fibers of the third thalamic neuron reach the postcentral girus. Interoceptive sensibility is ensured by visceral receptors and spino-reticulo-thalamo-cortical vegetative sensitive pathways. Kinesthetic information (musculo-tendinous and from joints) are propagated along the cerebrospinal axis by two pathways: fast lemniscal pathway responsible for superficial tactile sensibility and profound conscious proprioception, and slow extralemniscal pathway responsible for unconscious proprioception.

Specific structure which is responsible for every integrative nervous bound is named reflex arch, and the respective act is named reflex act or simple reflex.
Classification of sensibility

As types of sensibility we have the general sensibility (someosthezic) that characterizes all the structures of the human body and the specialized sensibility that correlates with the activity of some particular organs (taste, smell, etc…)

The general sensibility includes:

- exteroceptive sensibility (superficial) that has the receptors situated in tissues and muscles and superficial mucous membranes and that includes the tactile, thermal and painful sensibility.

- proprioceptive sensibility (profound) with the receptors at the level of joints, tendonsand muscles and that  includes the artokinetic, baresthezic and vibrate sensibility.            

- interoceptive sensibility(visceral), initiated by visceral receptors.

There is also another classification of the sensibility:

- prothopatic sensibility, old from the phylogenetic point of view, through which are transferred painful, thermal, indiscriminated tactile afferents having an affective eco;

- epicriptic sensibility, new from the phylogenetic point of view, that refers to the tactile sensibility, atrokinetic sensibility, vibrating sensibility and baresthezic sensibility.
Etiology and pathogenesis of sensibility disturbances

From etiologic factors which can induce sensibility disorders can be numerate exogenous factors (mechanical, physical, chemical, biological) and endogenous factors (disorders of hemocirculation, breathing disturbances, hypoxia, tumors, metabolic dyshomeostasis, congenital malformation).

In pathogenesis of the somato-sensorial sensibility disturbances are recognized 3 basic mechanisms:

Receptoral mechanism is determined by the perturbations of threshold characteristics as well as by changes in the number and density of the receptors distribution. The somato-senzorial disturbances, determined by the decrease of receptor  number or(and) of the receptors sensibility or by the increase of their accessibility appear in the case of perturbation of the synthesis processes or the receptors’ destruction.
 
Receptors that transform different stimuli in the periphery into neuronal activity may cease functioning or may be inadequately stimulated. This results in complete or partial absence of sensory perception, enhanced perception, or sensory perception without adequate stimulus.
           - Hypersthesia  -  represents the sensibility amplification and is characteristic just for causalgia or some thalamic syndromes in which all the sensitive modalities are integrated to form sensation of exaggerated pain;
        - Hypoesthesia  - represents the decrease of cutaneous sensibility to specific stimuli (pressure, warmth, coldness);
         - Hypoalgesia  - the loss of painful perception;

         - Hyperalgesia  -  represents an exaggerated answer to a painful stimuli;

         -  Allodynia - describes the situation  in which an ordinary non-painful stimulus  is perceived as a painful one;

        - Hyperpathy  - represents the decrease of the perception threshold;

        - Dysesthesia  - the perception of the warmth excitations through a cold sensation and vice-versa;

       - Polyesthesia  - a single painful sensation incorporates multiple sensations-excitations;

       - Paresthesia  - abnormal sensations, perceived as numbness, bites;

Pathway mechanism is determined by disorders at different level of the transfer ways of somato-sensitive reception, including  the peripheral nerve, posterior roots, spinal cord. Loss of sensibility in the result of injury at the level of peripheral nerve or posterior roots is characterized by loss of all types of sensibility (Fig.1). 
Hemisection of the spinal cord (Brown–Sequard’s syndrome), will result in ipsilateral loss of proprioception and of epicritical surface sensations and contralateral loss of gross mechanoreceptor function, temperature and pain sensation (dissociated disorder of sensation). Additionally, there will be ipsilateral loss of the descending motor functions (lower motoneuron paralysis).
An interruption in the dorsal column  stops adequate vibratory sensation and diminishes the ability to precisely define mechanical stimuli in space and time, and accurately to determine their intensity. Proprioception is also affected, which means that it is mainly information from the muscle spindles which is impaired, and thus the control of muscular activity. One of the effects is ataxia. In a lesion within the dorsal tracts their topographical arrangement is of importance. The cervical tracts lie most posterior, the sacral ones medial. The degeneration of dorsal cordons develops in untreated diabetes as well as in pernicious anemia. The dorsal ways can be interrupted as well by a tumor compression. 
A lesion in the anterolateral tract especially impairs pressure, pain, and temperature sensation. Anesthesia, hypesthesia, hyperesthesia, paraesthesia and dysesthesia may occur. Movements of the vertebral column can, by stimulating the damaged afferent nerves, cause corresponding sensations (Lhermitte’s sign: sudden, electric shock-like, paresthesia in upper limbs and trunk on forward neck flexion).
  
Central mechanism of sensibility disturbances develop in case of thalamus and cortical injuries.

Lesions in the somatosensory cortex  impair the ability to separate sensations in time and space; the sense of position and movement have been lost, as has the ability to judge the intensity of a stimulus. Lesions in the association tracts or cortical areas lead to abnormal processing of sensory perception. This results, for example, in the inability to recognize objects by feeling or touching them (astereognosis) and topagnosis (inability to identify the exact spot where a sensation is felt). Abnormalities of body image and position may also occur. Another function that may be lost is the ability to discriminate between two simultaneously presented stimuli (deletion phenomenon). Hemineglect (ignoring the contralateral half of the body and its environment) may also result from such a lesion (Fig.1).
The thalamus injuries are manifested through abolition or reduction of all types of sensibility (hemyanesthesia). 
Other types of central sensibility disorders are:

- Thalamic algia  - a pain with a special character, spontaneous, accompanied by hyperpathy, that is intensifying at each excitation in the side of the body opposed to the lesion;

           - Causalgia - diffuse vegetative pains without knowing their cause;

            - Ahylognosia -  the impossibility to recognize the characteristics of the material from which the object is made;

         - Amorphognosis  - the impossibility to   recognize the size, form and special characteristics of the object;

        - Tactile aphasia  - the impossibility to recognize the objects by the incapacity to name them;
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Fig.1 Disorders of sensibility
(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)

Changes of taste sensation (dysgeusia) can manifest by decreased, increased or complete lack of taste sensation (parorexia). This can refers to all types of taste sensibility (sweat, sour, bitter or salty) or just to some of them. This can be attested in disorders of SNC, injuries of peripheral nerves, neurosis and in other disorders. In some disorders can be found false dysgeusia (gingivitis, parodontitis, chronic tonsillitis) when taste sensibility is not changed, but in the mouth there is a “focus with specific taste”. Bitter or sour taste in the oral cavity can be characteristic for gastrointestinal diseases (chronic cholecystitis, gastritis). Dysgeusia located at the level of posterior third of the tongue and soft palate is characteristic for affection of the glossopharyngeal nerve. Unilateral taste disorder on the anterior surface of the tongue is characteristic for injuries of peripheral nerves – tympanic chord, lingual and facial nerves.

In stomatological practice, isolated disturbance of taste sensation is quite rare. More frequently gysgeusia is accompanied by disorders of all types of sensibility. Bilateral taste abolishing, sometimes unilateral can be attested in organic disorders of the CNS (brain tumors, neurosyphilis etc..). Parorexia or total lack of taste sensation can be found in some forms of neurosis. 
   The pain
Pain is an “unpleasant sensory and emotional experience associated with actual and potential tissue damage, or described in terms of such damage.” 

This is particularly important for clinical pain because suffering is more heavily influenced by the reaction to pain than by actual pain intensity. Attention, motivation, past experience, and the meaning of the situation can influence the individual’s reaction to pain. Thus, pain involves anatomic structures, physiologic behaviors, and psychological, social, cultural, and cognitive factors. Pain is a common symptom that varies widely in intensity and spares no age group. When pain is extremely severe, it disrupts a person’s customary behavior and can consume all of a person’s attention. It can be equally devastating for infants and children, young and middle-aged adults, the young-old, and the old-old. Both acute pain and chronic pain can be major health problems. Acute pain often results from injury, surgery, or invasive medical procedures. It also can be a presenting symptom for some infections (e.g., pharyngitis, appendicitis, and otitis media). Chronic pain can be symptomatic of a wide range of health problems (e.g., arthritis, back injury, or cancer).

The experience of pain depends on both sensory stimulation and perception. The perception of pain can be heavily influenced by the endogenous analgesia system that modulates the sensation of pain. This is perhaps most dramatically illustrated by the phenomenon of soldiers injured in battle or athletes injured during a game who do not perceive major injuries as painful until they leave the battlefield or the game.

Pain can be either nociceptive or neuropathic in origin. When nociceptors (pain receptors) are activated in response to actual or impending tissue injury, nociceptive pain is the consequence. Neuropathic pain, on the other hand, arises from direct injury to nerves. Tissue and nerve injury can result in a wide range of symptoms. These include pain from non-injurious stimuli to the skin (allodynia), extreme sensitivity to pain (hyperalgesia), and the absence of pain from stimuli that normally would be painful (analgesia). The latter, although not painful, can be extremely serious (e.g., in diabetic persons with peripheral neuropathy) because the normally protective early warning system for the presence of tissue injury is absent.
Pain mechanisms and pathways

Pain usually is viewed in the context of tissue injury. The term nociception, which means “pain sense,” comes from the Latin word nocere (“to injure”). Nociceptive stimuli are objectively defined as stimuli of such intensity that they cause or are close to causing tissue damage. Researchers often use the withdrawal reflex (e.g., the reflexive withdrawal of a body part from a tissue-damaging stimulus) to determine when a stimulus is nociceptive. Stimuli used include pressure from a sharp object, strong electric current to the skin, or application of heat or cold of approximately 10°C above or below normal skin temperature. At low levels of intensity, these noxious stimuli do not activate nociceptors (pain receptors), but they typically are perceived as painful only when the intensity reaches a level where tissue damage occurs or is imminent.

The mechanisms of pain are many and complex. As with other forms of somatosensation, the pathways are composed of first-, second-, and third-order neurons. The first-order neurons and their receptive endings detect stimuli that threaten the integrity of innervated tissues. Second-order neurons are located in the spinal cord and process nociceptive information. Third-order neurons project pain information to the brain. The thalamus and somatosensory cortex integrate and modulate pain as well as the person’s subjective reaction to the pain experience (Fig.2).
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Fig.2 Ascending pathways of nociception

(From Despopoulos, Color Atlas of Physiology)
Pain receptors and mediators

Nociceptors, or pain receptors, are sensory receptors that are activated by noxious insults to peripheral tissues. Structurally, the receptive endings of the peripheral pain fibers are free nerve endings. These receptive endings, which are widely distributed in the skin, dental pulp, periosteum, meninges, and some internal organs, translate the noxious stimuli into action potentials that are transmitted by a dorsal root ganglion to the dorsal horn of the spinal cord.

Nociceptive action potentials are transmitted through two types of afferent nerve fibers: myelinated Aδ fibers and unmyelinated C fibers. The larger Aδ fibers have considerably greater conduction velocities, transmitting impulses at a rate of 10 to 30 m/second. The C fibers are the smallest of all peripheral nerve fibers; they transmit impulses at the rate of 0.5 to 2.5 m/second. Pain conducted by Aδ fibers traditionally is called fast pain or first pain and typically is elicited by mechanical or thermal stimuli. C-fiber pain often is described as slow-wave pain or second pain because it is slower in onset and longer in duration. It typically is incited by chemical stimuli or by persistent mechanical or thermal stimuli. The slow postexcitatory potentials generated in C fibers are now believed to be responsible for central sensitization to chronic pain.

Stimulation of nociceptors. Unlike other sensory receptors, nociceptors respond to several forms of stimulation, including mechanical, thermal, and chemical. Some receptors respond to a single type of stimuli (mechanical or thermal), and others, called polymodal receptors, respond to all three types of stimuli (mechanical, thermal, and chemical). 
Pain stimuli are received by nociceptors in the skin and the viscera which are excited by high intensity, non-noxious stimuli (distension, temperature) as well as by tissue lesions. Mechanical stimuli can arise from intense pressure applied to skin or from the violent contraction or extreme stretch of a muscle. Both extremes of heat and cold can stimulate nociceptors. Chemical stimuli arise from a number of sources, including tissue trauma, ischemia, and inflammation. Necrotic cells release K+ and intracellular proteins. An increase in extracellular K+ concentration depolarizes the nociceptors, while the proteins and, in some circumstances, infiltrating microorganisms may cause an inflammation. As a result, pain-producing mediators are released. Leukotrienes, prostaglandin E2, and histamine sensitize the nociceptors so that even otherwise subthreshold noxious and harmless stimuli can produce pain (hyperalgesia or allodynia). Tissue lesions also activate blood clotting and thus the release of bradykinin and serotonin. If there is vascular occlusion, ischemia occurs and the resulting extracellular accumulation of K+ and H+ further activates the sensitized nociceptors. The mediators histamine, bradykinin, and prostaglandin E2 have a vasodilator effect and increase vascular permeability. This results in local edemas; the tissue pressure rises and this also stimulates the nociceptors. Their stimulation releases the peptide substance P (SP) and the calcitonin gene-related peptide (CGRP), which promote the inflammatory response and also produce vasodilatation and increase vascular permeability (Fig.3). 
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Fig.3 Mechanisms of nociception

(From S. Silbernagl and F. Lang; Color Atlas of Pathophysiology)
Nociceptive stimulation that activates C fibers can cause a response known as neurogenic inflammation that produces vasodilation and an increased release of chemical mediators to which nociceptors respond. This mechanism is thought to be mediated by a dorsal root neuron reflex that produces retrograde transport and release of chemical mediators, which in turn causes increasing inflammation of peripheral tissues. This reflex can set up a vicious cycle, which has implications for persistent pain and hyperalgesia.
Mediators in the spinal cord. In the spinal cord, the transmission of impulses between the nociceptive neurons and the dorsal horn neurons is mediated by chemical neurotransmitters released from central nerve endings of the nociceptive neurons. Some of these neurotransmitters are amino acids (glutamate), others are amino acid derivatives (e.g., norepinephrine), and still others are low molecular- weight peptides composed of two or more amino acids. The amino acid glutamate is a major excitatory neurotransmitter released from the central nerve endings of the nociceptive neurons. Substance P, a neuropeptide, also is released in the dorsal horn by C fibers in response to nociceptive stimulation. Substance P elicits slow excitatory potentials in dorsal horn neurons. Unlike glutamate, which confines its action to the immediate area of the synaptic terminal, some neuropeptides released in the dorsal horn can diffuse some distance because they are not inactivated by reuptake mechanisms. In persistent pain, this may help to explain the excitability and unlocalized nature of many painful conditions. Neuropeptides such as substance P also appear to prolong and enhance the action of glutamate. If these neurotransmitters are released in large quantities or over extended periods, they can lead to secondary hyperalgesia, a condition in which the second order neurons are overly sensitive to low levels of noxious stimulation. 

Spinal cord circuitry and pathways

On entering the spinal cord through the dorsal roots, the pain fibers bifurcate and ascend or descend one or two segments before synapsing with association neurons in the dorsal horn. From the dorsal horn, the axons of association projection neurons cross through the anterior commissure to the opposite side and then ascend upward in the previously described neospinothalamic and paleospinothalamic pathways.

The faster-conducting fibers in the neospinothalamic tract are associated mainly with the transmission of sharp-fast pain information to the thalamus. In the thalamus, synapses are made, and the pathway continues to the contralateral (i.e., opposite) parietal somatosensory area to provide the precise location of the pain. Typically, the pain is experienced as bright, sharp, or stabbing in nature.

The paleospinothalamic tract is a slower-conducting, multisynaptic tract concerned with the diffuse, dull, aching, and unpleasant sensations that commonly are associated with chronic and visceral pain. This information travels through the small, unmyelinated C fibers. Fibers of this system also project up the contralateral anterolateral pathway to terminate in several thalamic regions, including the intralateral nuclei, which project to the limbic system. It is associated with the emotional or affective-motivational aspects of pain. Spinoreticular fibers from this pathway project bilaterally to the reticular formation of the brain stem. This component of the paleospinothalamic system facilitates avoidance reflexes at all levels. It also contributes to an increase in the electroencephalographic activity associated with alertness and indirectly influences hypothalamic functions associated with sudden alertness, such as increased heart rate and blood pressure.

Brain centers and pain perception

Information from tissue injury is carried from the spinal cord to brain centers in the thalamus where the basic sensation of hurtfulness, or pain, occurs. In the neospinothalamic

system, interconnections between the lateral thalamus and the somatosensory cortex are necessary to add precision, discrimination, and meaning to the pain sensation.

The paleospinothalamic system projects diffusely from the intralaminar nuclei of the thalamus to large areas of the limbic cortex. These connections probably are associated with the hurtfulness and the mood-altering and attention narrowing effect of pain.

In healthy adults, nociceptive afferent stimulation is related to activation in the contralateral primary somatosensory cortex in the parietal lobe, whereas C afferent stimulation is related to activation of the secondary somatosensory cortices and the anterior cingulated cortex, which is part of the limbic system. With both afferents, there is activation of the bilateral secondary somatosensory cortices in the posterior parietal lobes.
Pain threshold and tolerance

Pain threshold and tolerance affect an individual’s response to a painful stimulus. Although the terms often are used interchangeably, pain threshold and pain tolerance have distinct meanings.
 Pain threshold is closely associated with the point at which a stimulus is perceived as painful. Pain tolerance relates more to the total pain experience; it is defined as the maximum intensity or duration of pain that a person is willing to endure before the person wants something done about the pain. Psychological, familial, cultural, and environmental factors significantly influence the amount of pain a person is willing to tolerate. The threshold to pain is fairly uniform from one person to another, whereas pain tolerance is extremely variable. Separation and identification of the role of each of these two aspects of pain continue to pose fundamental problems for the pain management team and for pain researchers.

Types of pain

The most widely accepted classifications of pain are according to source or location, referral, and duration (acute or chronic). 

Cutaneous pain arises from superficial structures, such as the skin and subcutaneous tissues. A paper cut on the finger is an example of easily localized superficial, or cutaneous, pain. It is a sharp, bright pain with a burning quality and may be abrupt or slow in onset. It can be localized accurately and may be distributed along the dermatomes. Because there is an overlap of nerve fiber distribution between the dermatomes, the boundaries of pain frequently are not

as clearcut as the dermatomal diagrams indicate. 

Deep somatic pain originates in deep body structures, such as the periosteum, muscles, tendons, joints, and blood vessels. This pain is more diffuse than cutaneous pain. Various stimuli, such as strong pressure exerted on bone, ischemia to a muscle, and tissue damage, can produce deep somatic pain. This is the type of pain a person experiences from a sprained ankle. Radiation of pain from the original site of injury can occur. For example, damage to a nerve root can cause a person to experience pain radiating along its fiber distribution.

Visceral  or splanchnic pain has its origin in the visceral organs and is one of the most common pains produced by disease. Although similar to somatic pain in many ways, both the neurologic mechanisms and the perception of visceral pain differ from somatic pain. One of the most important differences between surface pain and visceral pain is the type of damage that causes pain. For example, “a surgeon can cut the bowel entirely in two in a patient who is awake without causing significant pain.”1 In contrast, strong contractions, distention, or ischemia affecting the walls of the viscera can induce severe pain. Also, visceral pain is not evoked from all viscera (e.g., the liver, lung parenchyma).

Another difference is the diffuse and poorly localized nature of visceral pain — its tendency to be referred to other locations and to be accompanied by symptoms associated with autonomic reflexes (e.g., nausea). There are several explanations for this. There is a low density of nociceptors in the viscera as compared with the skin. There is functional divergence of visceral input within the central nervous system, which occurs when many second-order neurons respond to stimulus from a single visceral afferent. There is also convergence between somatic and visceral afferents in the spinal cord and in the supraspinal centers and possibly also between visceral afferents (e.g., bladder, uterus, cervix, and vagina).

Visceral afferents are predominately small, unmyelinated pain fibers that terminate in the dorsal horn of the spinal cord and express peptide neurotransmitters such as substance P. There are thought to be two classes of nociceptive receptors that innervate the viscera: high-threshold and intensity-coding receptors. High-threshold receptors have a high threshold for stimulation and respond only to stimuli within the noxious range. Intensity-coding receptors have a lower threshold for stimulation and an encoding function that incorporates the intensity of the stimulus into the magnitude of their discharge. Acute visceral pain, such as pain produced by intense contraction of a hollow organ, is thought to be triggered initially by high-threshold receptors. More extended forms of visceral stimulation, such as that caused by hypoxia and inflammation, often result in sensitization of the receptors. Once sensitized, these receptors begin to respond to otherwise innocuous stimuli (e.g., motility and secretory activity) that normally occur in the viscera. This sensitization may resolve more slowly than the initial injury, and thus visceral pain may persist longer than expected based on the initial injury.

Referred pain is pain that is perceived at a site different from its point of origin but innervated by the same spinal segment. It is hypothesized that visceral and somatic afferent neurons converge on the same dorsal horn projection neurons . For this reason, it can be difficult for the brain to identify correctly the original source of pain. Pain that originates in the abdominal or thoracic viscera is diffuse and poorly localized and often perceived at a site far removed from the affected area. For example, the pain associated with myocardial infarction commonly is referred to the left arm, neck, and chest. Referred pain may arise alone or concurrent with pain located at the origin of the noxious stimuli. This lack of correspondence between the location of the pain and the location of the painful stimuli can make diagnosis difficult.
According to the etiopathogenic criteria there are many forms of pain:
· pain induced by hypoxia-anoxia;

· pain induced by exaggerated smooth muscular contraction;


· pain induced by tissular inflammation;


· pain induced by action of exogenous chemical toxic substances;

· neuropathic pain.

Alteration in pain sensitivity

Sensitivity and perception of pain vary among persons and in the same person under different conditions and in different parts of the body. Irritation, mild hypoxia, and mild compression of a peripheral nerve often result in hyperexcitability of the sensory nerve fibers or cell bodies. This is experienced as unpleasant hypersensitivity (hyperesthesia) or increased painfulness (hyperalgesia). Possible causes of increased sensitivity to noxious stimuli include a decrease in the threshold of nociceptors, an increase in pain produced by suprathreshold stimuli, and the windup phenomenon. Primary hyperalgesia occurs at the site of injury.

Secondary hyperalgesia occurs in nearby uninjured tissue. 

Hyperpathia is a syndrome in which the sensory threshold is raised, but when it is reached, continued stimulation, especially if repetitive, results in a prolonged and unpleasant experience. This pain can be explosive and ra diates through a peripheral nerve distribution. It is associated with pathologic changes in peripheral nerves, such as localized ischemia. Spontaneous, unpleasant sensations called paresthesias occur with more severe irritation (e.g., the pins-and-needles sensation that follows temporary compression of a peripheral nerve). The general term dysesthesia is given to distortions (usually unpleasant) of somesthetic sensation that typically accompany partial loss of sensory innervation.

More severe pathologic processes can result in reduced or lost tactile (hypoesthesia, anesthesia), temperature (hypothermia, athermia), and pain sensation (hypalgesia).

Analgesia is the absence of pain on noxious stimulation or the relief of pain without loss of consciousness. The inability to sense pain may result in trauma, infection, and even loss of a body part or parts. Inherited insensitivity to pain may take the form of congenital indifference or congenital insensitivity to pain. In the former, transmission of nerve impulses appears normal, but appreciation of painful stimuli at higher levels appears to be absent. In the latter, a peripheral nerve defect apparently exists such that transmission of painful nerve impulses does not result in perception of pain. Whatever the cause, persons who lack the ability to perceive pain are at constant risk for tissue damage because pain is not serving its protective function.

Allodynia (Greek allo, “other,” and odynia, “painful”) is the term used for the puzzling phenomenon of pain that follows a non-noxious stimulus to apparently normal skin. This term is intended to refer to instances in which otherwise normal tissues may be abnormally innervated or may be referral sites for other loci that give rise to pain with non-noxious stimuli. It can result from increased responsiveness within the spinal cord (central sensitization) or a reduction in the threshold for nociceptor activation (peripheral sensitization). With central sensitization, activity in non-nociceptive nerve fibers can produce pain. With peripheral sensitization, tissue damage and inflammation (referred to as the “inflammatory soup”) may cause the area to become hypersensitive, in which case a normally subthreshold stimulus is sufficient to trigger the sensation of pain. One type of allodynia involves trigger points, which are highly localized points on the skin or mucous membrane that can produce immediate intense pain at that site or elsewhere as a result of light tactile stimulation. Myofascial trigger points are foci of exquisite tenderness found in many muscles and can be responsible for pain projected to sites remote from the points of tenderness. Trigger points are widely distributed in the back of the head and neck and in the lumbar and thoracic regions. These trigger points cause reproducible myofascial pain syndromes in specific muscles. These pain syndromes are the major source of pain in clients at chronic pain treatment centers.
Antinociceptive system 
A major advance in understanding pain was the discovery of neuroanatomic pathways that arise in the midbrain and brain stem, descend to the spinal cord, and modulate ascending pain impulses. One such pathway begins in an area of the midbrain called the periaqueductal gray (PAG) region. Through research, it was found that electrical stimulation of the midbrain PAG regions produced a state of analgesia that lasted for many hours. This stimulation induced analgesia was found to be remarkably specific and was not associated with changes in either the levels of consciousness or the reactions to auditory and visual stimuli.

Subsequently, opioid receptors were found to be highly concentrated in this and other regions of the CNS where electrical stimulation produced analgesia. Because of these findings, the PAG area of the midbrain often is referred to as the endogenous analgesia center.
The PAG area receives input from widespread areas of the CNS, including the cerebral cortex, hypothalamus, brain stem reticular formation, and spinal cord by way of the paleospinothalamic and neospinothalamic tracts. This region is intimately connected to the limbic system, which is associated with emotional experience. The neurons of the PAG have axons that descend into an area in the rostral medulla called the nucleus raphe magnus (NRM). The axons of these NRM neurons project to the dorsal horn of the spinal cord, where they terminate in the same layers as the entering primary pain fibers. In the spinal cord, these descending pathways inhibit pain transmission by dorsal horn projection neurons (Fig.4). Serotonin has been identified as a neurotransmitter in the NRM medullary nuclei. It has been shown that tricyclic antidepressant drugs, such as amitriptyline, which enhance the effects of serotonin by blocking its presynaptic uptake, have been found to be effective in the management of certain types of chronic pain. Additional inhibitory spinal projections arise from noradrenergic neurons in the pons and medulla, which also receive input from the PAG.  The discovery that norepinephrine can block pain transmission led to studies directed at the combined administration of opioids and clonidine, a central-acting α-adrenergic agonist for pain relief.
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Fig.4 Antinociceptive system

(From Despopoulos, Color Atlas of Physiology)
Endogenous analgesic mechanisms

There is evidence that opioid receptors and endogenously synthesized opioid peptides, which are morphine-like substances, are found on the peripheral processes of primary afferent neurons, in human synovia, and in many regions of the CNS. Three families of endogenous opioid peptides have been identified - the enkephalins, endorphins, and dynorphins. Each family is derived from a distinct precursor polypeptide and has a characteristic anatomic distribution.

Although each family usually is located in different groups of neurons, occasionally more than one family is present in the same neuron. For example, proenkephalin peptides are present in areas of the spinal cord and PAG that are related to perception of pain, in the hippocampus and other areas of the brain that modulate emotional behavior, in structures in the basal ganglia that modulate motor control, and in brain stem neurons that regulate autonomic nervous system responses.

Although the endogenous opioid peptides appear to function as neurotransmitters, their full significance in pain control and other physiologic functions is not completely understood. Laboratory studies, although somewhat inconsistent, have found that opioid agonists inhibit

the opening of calcium channels in dorsal root and trigeminal ganglion neurons as well as on primary afferent neurons. Because it is calcium ions that cause neurotransmitter release at the synapse, such calcium blockage would inhibit synaptic transmission of pain impulses. Other studies are focusing on the effect of opioids on sodium and potassium channels that influence the transmission of pain impulses.
Probably of greater importance in understanding mechanisms of pain control has been the characterization of receptors that bind the endogenous opioid peptides. The identification of these receptors has facilitated a more thorough understanding of the actions of available opioid

drugs, such as morphine, and it also has facilitated ongoing research into the development of newer preparations; for example, development of an opioid that acted exclusively on the peripheral opioid receptors of sensory neurons could eliminate many of the undesirable, centrally

mediated side effects, such as respiratory depression.
Oro-facial pain
Sensitive innervation of the oro-facial zone is performed almost exclusively by three branches of the trigeminal nerve: ophthalmic, maxillary superior and mandibular branches as well as by facial and glosopharingeal nerves.


Dental nerves entry in the tooth by apex hole and ascend at the level of tooth pulp in form of large fascicules. A reduced number of fibers are oriented toward odontoblastic layer of the tooth root and only occasionally fibers divide at the level of radicular pulp. Because myelinic fibers of the pulp have no specialization for perception of different stimuli, all excitations (mechanic, thermic, chemical, electrical) will act violently on the tooth and will be perceived as pain. 
Trigeminal neuralgia. Trigeminal neuralgia, or tic douloureux, is one of the most common and severe neuralgias. It is manifested by facial tics or grimaces and stabbing, paroxysmal attacks of pain that usually are limited to the unilateral sensory distribution of one or more branches of the trigeminal nerve, most often the maxillary or mandibular divisions. Although intermittent, the pain often is excruciating and may be triggered or precipitated by stimuli such as touch, movement, drafts, and eating or talking. Spontaneous remissions for weeks or months may occur. However, as the disease progresses, the remissions become shorter and a dull pain may persist between episodes. Although the cause of the disorder is controversial, recent evidence suggests a structural cause such as the presence of an anomalous artery or vein impinging on the trigeminal nerve root. Diagnosis is based on pain distribution and the absence of other neurologic manifestations. Multiple sclerosis should be ruled out in a young person presenting with symptoms of the disorder. The drug most helpful for treatment of the disorder is carbmazepine, an anti-seizure drug.
Surgical release of the vessels, dural structures, or scar tissues impinging on the trigeminal nerve root often provides lasting relief of symptoms. Gamma radiosurgery to the trigeminal root is another noninvasive approach that provides relief with essentially no side effects other than facial paresthesias in a few cases. In elderly patients, or those with limited life expectancy, radiofrequency destruction of the peripheral branches of the trigeminal nerve is sometimes preferred because it is easy to perform, has few complications, and provides symptomatic relief for a period of time.
Temporo-mandibular and myofascial pain

Myofascial syndromes are characterized by chronic pain in the oro-facial zone accompanied by pain at the level of the body and limbs. There was established that a high role in the pathogeny of temporo-mandibular pain has dysfunction of temporo-mandibular joint, caused by traumatic and inflammatory disorders. 

There are known two types of myofascial and temporo-mandibular pain:

· artrogenic myofascial pain;

· temporo-mandibular facial pain.
     In case of myofascial artrogenic pain a high role has muscular dysfunction, psychogenic factors as well as dental disorders, mandible dysfunction and facial muscle abnormalities. The most plausible explanation of the facial pain would be development in the masticatory muscles of hyperreactivity foci (trigger foci). Possible in this process there is overload of the masticatory muscles which lead to degenerative changes in the temporo-mandibular joint. Artrogenicmyofascial pain represents a form of somatogenic pain which is accompanied with psychogenic changes.

Temporo-mandibular facial pain is determined not only by joint pain but also by changes at the level of dento-maxilary apparatus which developed in the result of temporo-mandibular joint dysfunction. The most frequent causes are trauma of the temporo-mandibular joint as well as inflammatory disorders induced by inflammatory foci at the oro-facial area and in the overall body. A variant of autoimmune involvement of temporo-mandibular joint is encountered in rheumatoid arthritis. 

In the pathogeny of temporo-mandibular pain a high role has action of neurons at the level of posterior roots of spinal cord, thalamus as well as activation of cortical neurons.  Development of temporo-mandibular joint pain can be induced also by activation of sensorial systems of cervical and vagus nerves which perform innervation of temporo-mandibular peri-articular area.

Generally, the pathogenetic mechanisms of temporo-mandibular pain can be reduced to nociceptive sensibilization by traumatic, inflammatory, destructive, metabolic changes at the level of thisjointas well as changes at the level of periarticular tissues. Other mechanisms are represented by development of an excitatory focus in the affected area or hyperreactivity of brain stem or subcortical structures.

     Dental hypersensibility – represents the painful sensation at the level of the tooth in the result of direct exposition of nerve endings from dental cannaliculles  to action of aggressive factors (coronary fractures, gingivectomia etc…)

        Dental hyperesthesia – represents the painful sensation induced by metabolic, biochemical changes, changes in the reception and conductibility of nervous fibers at the level of dental cannallicules. This develops under some local circumstances (thin enamel layer, teeth with enamel abrasion or exposed dentine) or general changes (anemia, hypovitaminosis B or C, pregnancy, physical or psychical exhaustion). Above mentioned factors can lead to biochemical changes at the level of nervous fibers in the result of accumulation at the level of tooth pulp of toxic substances resulted from general metabolic disorders. These substances disturb nervous conductibility and reduce the excitability threshold. 

          Odonthalgia– has a high role in the oro-facial pathology and can be induces by several factors. A high role play receptivity and conductibility of nervous fibers in dental cannaliculi.

     Severe pain at the level of oro-facial area can be induced by inflammatory processes, trauma, disorders of salivary glands, disorders of maxilla muscles, of ligaments or dento-maxillar periosteum etc…pain at the level of healthy teeth and maxilla can be present in patient with acute leukemia in the result of bone involvement in the process. 

     Dental pain is accompanied by an affective-emotional component and has tendency to aggravate because the patient avoid to eat on hemiarcade were the affected tooth is localized, avoid teeth brushing this leading to accumulation of food remnants and development of bacterial plaque which in the result of fermentation will deepen the vicious circle such aggravating the nervous metabolic processes. 

     Pain of vascular origin results from injuries of vessels or perivascular tissue and has a deep character.

     Pulp pain – can be considered of vascular origin because develops in the result of exaggerated accumulation of liquid at the level of the pulp during inflammatory process or can be reflex in the result of microcirculatory disorders.

     Pain of salivary origin. Profound pain at the level of oro-facial area can be induced by injuries of salivary glands, especially by formation of salivary stones. More frequent there is involved the submandibular gland and the pain appears during mastication. A high pathogenic role in this pain plays distension of the canalicular system by saliva secreted in the result of alimentary stimulation which can’t be evacuated because of calculi. There is difficult to specify if the painful sensible tissue is capsule, stroma or glandular tissue itself.

     Muscular pain. Facial pain can develop in the result of  spasm, ischemia, inflammation, rupture of other disturbances at the level of muscles of the maxilla or jaw, at the level of tendons and periosteum of the temporo-mandibular joint. From all these structure the most sensible is periosteum. Spontaneous muscular contraction is the most common causal factors of facial pain. This type of pain has profound character, is diffuse and has tendency to irradiate in oro-facial area. In the pathogeny of muscular pain a high role play hypoxia, decreased pH, accumulation of potassium ions and histamine. Frequently there is a vicious circle which can aggravate painful sensation: muscular pain induce reflex contraction of the muscle which in turn will aggravate ischemia such intensifying the pain.

