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Nociception- Detection by nervous system of
potential for or actual occurrence of tissue injury
Pain pathway

Physiologic pain- Minimal or no tissue injury
Protective sensation of pain

Pathologic pain- Pain that occurs aftertissue injury
Acute or chronic
Classification
Mechanism: inflammation, neuropathic, cancer, idiopathic
Origin: visceral, somatic
Severity: none, mild, moderate, or severe



The Head of the Physiology Department, The Honored Worker of  the Science and

Technique of the Ukraine , Doctor of Medical Sciences,

Professor 
__________    О.А. Shandra
Odesa – 2021
Section  "Physiology of HNA, labor activity and sensory systems"
Topic �Physiology of sensory systems� 
Class �Physiological basics of pain and anesthesia�
1. Relevance of topic. Knowledge of sensory system phisiology , of parts of basics of sences and ability to perform its investigation with common clinical methods allow the doctor to differentiate physiological and pathological phenomena connected with the perception of outworld.
2. Aims of class:
3.1. General aims: to get familiarized with modern definition
· mechanisms of perception, conduction and analyses of stimulation parametres of analyzer systems.
- physiological basics of clinical methods of invedtigation the functional state of analyzer systems.
2.2. Educational aims are connected with: 
· The formation of professionally important structure of personality; 

· The formation of modern professional thinking; 

· Mastering of leading importance of national scientific and clinical schools in the development of practical classes issues; 

· Mastering the skills of medical ethics and deontology.
2.3. Particular aims: 

To know: 
· Basic conceptions of pain physiology.
- physiological basics of anesthesia.
- proprioreception. Muscular and articular reception: types og receptors, struscure, functions
3.4.  To master the techniques on the basis of theoretical knowledge on the theme (to be able to):
· Investigation of proprioceptive sensitivity, to be able to analyze received information
· Investigation of pain sensitivity on various areas of human skin
4. Interdisciplinary integration.
	Disciplines
	To know
	To be able to

	1. Previous disciplines:
Anatomy
Hystology
Biophysics
     Biochemistry
	Anatomical structures, which form human sensory system 
Histological structures of skin receptors
Basic conceptions of physical stimulators and electrical phenomena 

Basic conceptions of cell metabolism and formation of biochemical gradients..
	To name structural and functional organization,conductive tracts and levels of information analization of human nociceptive system 
To show histological structures ,which form human sensory system, under the microscope.
To use basic biophysical methods of investigation in various clinical researches 
To conduct basic biochemical investigations of cell metabolism.

	2. The following disciplines:
Neurosurgery
Infectious diseases
Traumatology, orthopedics
	Syndromes of sensory disorders, which appear if tumors of brain and spinal cord and traumatic brain injury are present.

Sensitivity disorders that occur in the case of infectious diseases (meningitis, encephalitis, polio, polyneuritis)
Sensory disorders,which appear if traumatic damages of periphery nerves, brain and spinal cord and vertebrogenic injures of spine are present.
	To investigate all kinds of sensitivity,to establish kinds and types of their disturbances in neurosurgical patients.
To reveal sensory disturbances in infectious patients
To reveal syndromes of sensory disorders  in patient with traumatic injuries.

	3. Internal disciplinary integration :
Muscle physiology  Physiology of CNS
	Reflex and motor function
Diseases of peripheral nervous system

	To reveal sensory disturbances in patients with paresis and paralysis.
To reveal and analyze sensory disturbances in patients with peripheral nervous system diseases.



5. Structural and logical scheme of theme content:
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6. Materials of class�s methodological support.
6.1. Materials for self-test of initial level of knowledge:

Issues for getting ready for the class:

1. Draw the somatosensory system schematically and specify the basic sections and tracts of information transfer on it.
2. Draw the scheme of basic pathways of somatosensory system and specify the kinds of receptors on it, which it transfers  neural signals from.
3. Draw the types of skin receptors and specify their localization and function.

4. Draw the scheme of a muscule spindle.
5. Explain basic principles of convergence and facilitation theory on the basis of irradiating pain. 

6. Draw the scheme of reflected pain occurrence. 

Test assignmets for the class�s preparatory stage: 
1 A patient consulted a doctor about loss of taste at the root of tongue. The doctor established that this was due to a nerve damage. What nerve was damaged?

A.Supralaryngeal

B.Trigeminal

C.Vagus

D.Facial

E.Glossopharyngeal

2.Cerebral hemorrhage caused serious disturbance of taste sensibility. What brain structure is most likely to be damged?

A.Hippocampus

B.Substantia nigra

C.Amygdaloid body

D.Postcentral gyrus

E.Hypothalamus

3.In course of an experiment thalamocortical tracts of an experimental animal were cut through. The animal didn�t lose the following sensations:

A.Exteroceptive

B.Auditory

C.Olfactory

D.Visual

E.Nociceptive

4.A patient has been prescribed the salt-free diet. What changes to the salt taste sensitivity threshold should be expected?

A.No changes

B.Increase

C.Increase followed by a decrease

D.Decrease

E.Little change

5.A patient has an acute painfullness of face skin. What nerve is damaged?

A.Trigeminal

B.Vagus

C.Facial

D.Glossopharyngeal

E.Oculomotor

6. Four months ago a 43 year old patient had a traumatic amputation of his lower extremity. Now he complains of sensing the amputated extremity and having constantly grave, sometimes unbearable pain in it. What type of pain does he have?

A.Thalamic

B.Reflex

C.Causalgia

D.Neuralgia

E.Phantom

7. A patient has a haemorrhage into the posterior central gyrus. What type of sensitivity on the opposite side will be disturbed?

A.Skin and proprioceptive

B.Auditory

C.Auditory and visual

D.Olfactory

E.Visual

8. A man has normal sensitivity of his finger skin, however he doesn't sense his wedding ring around the finger. What process induced by wearing of the ring has caused this phenomenon?

A.Development of the fibrous tissue

B.Impaired circulation

C.Abnormality of the receptor structure

D.Receptor adaptation

E.Abnormality of the epidermis structure

9. During a neuro-surgical operation the occipital areas of cerebral cortex are stimulated. What sensations will the patient have?

A.Gustatory

B.Visual

C.Auditory

D.Tactile

E.Olfactory

10. While shifting the gaze to the closely situated object the refracting power of eyes optical mediums will increase by 10 diopters. It results from changing of such eye structure:

A.Lens

B.Vitreous body

C.Muscle that dilatates pupil

D.Liquid of the anterior chamber of eye

E.Cornea

Answer    1.Е, 2.D, 3.С, 4.D, 5.A, 6.E, 7.A, 8.D, 9.В, 10.A.

6.2. Necessary information for knowledge-skills formation might be found in textbooks: 

Basic literature: 

1. Moroz V.M. / Physiology : [textbook] / V.M. Moroz, O.A. Shandra. – 2016. – P. 8–12. 
2. Guyton A. Textbook of Medical Physiology / John E. Hall.,  A. Guyton – [12th International ed.]. – Philadelphia : Saunders Elsevier, 2011. – 1091 p. 
3. Human Movement, Structure and Function  / Nigel Palastanga, Roger Soames. – 6th ed., 2012. – P.32–38.
4. Blakemore SJ, Wolpert D, Frith C. 2000. Why can't you tickle yourself? Neuroreport 11: R11-6
5. Bushdid C, Magnasco MO, Vosshall LB, Keller A. 2014. Humans Can Discriminate More than trillion Olfactory Stimuli. Science (New York, N.Y 343: 1370-72
6. Goodwin AW, Macefield VG, Bisley JW. 1997. Encoding of object curvature by tactile afferents from human fingers. Journal of neurophysiology 78: 2881-8
7. Haddad R, Lanjuin A, Madisen L, Zeng HK, Murthy VN, Uchida N. 2013. Olfactory cortical neurons read out a relative time code in the olfactory bulb. Nature neuroscience 16: 949-U227
8. Kaas JH. 1983. What, if anything, is SI? Organization of first somatosensory area of cortex. Physiological Reviews 63: 206-31
9.  Moroz V.M. / Physiology : [textbook] / V.M. Moroz, O.A. Shandra. – 2016. – P. 8–12. 
10. Guyton A. Textbook of Medical Physiology / John E. Hall.,  A. Guyton – [12th International ed.]. – Philadelphia : Saunders Elsevier, 2011. – 1091 p.  
6.3. Orienting card on independent work with literature on the topic of class:

	№
	Basic assignments
	Instructions
	Answers

	1. 
	Structional and functional organization of somatosensory system.
	Describe the level of metabolic processes in excitable cell at rest.
	

	2. 
	Proprioreception.Muscular and articular reception.
	Types of receptors, their structure and functions
	

	3. 
	Physiological basics of pain. Nociception.
	Physiological characteristics and classification of nociceptors.
	

	4. 
	Skin reception
	Describe types of skin receptors
	

	5. 
	Antinociceptive system and its structional and functional organization
	Describe opioid and nonopioid mechanisms and their physiological role.
	


7. Materials for self-control of preparation quality: 
Exercises for self-control with answers
Situational exercise 1. Put the enumerated areas of skin in the order of growth of their sensitivity to touch : a forearm, a back, a sole, a nose , fingers� tips, lips, a forehead.
Answer 1: A sole,a back, a forearm,a forehead,a nose, lips,fingers� tips. Due to this case the new membrane potential at rest became equal to -108mV and critical level of depolarization is -78mv.
Situational exercise 2. Put the enumerated areas of skin in the order of growth of their sensitivity to pressure: a forehead, an upper eyelid, a sole , a back, a forearm . 

Answer 2: A sole, a back, a forearm, a forehead, an upper eyelid.
Situational exercise 3. The distance between two Freyhairs is 20 mm. What is the difference between the touch of a few hairs to the skin of a palm and a back?
Answer 3: A probationer will sense  the touch in one dot on the back and in two ones on the palm, because the minimum distance when two dots are sensed separately  is 50 mm on the back and 20 mm on the palm.
8. Materials for audience independent preparation:

1.1. The list of academic practical exercises , which are to be done during the class:

- To explore the mechanisms of generation and methods of investigation of pain sensitivity on various areas of human skin.
9. Instructive materials for mastering the professional skills: 

9.1. The method of investigation of tactile sensitivity of various areas of human skin
Tactile receptors are basically located in superficial layer of skin with different location density (25 per 1 cm2 in average). Tactile sensitivity is investigated with the help of esthesiometres � wooden or glass sticks with horse or nylon hairs 3-5 cm length secured on its ends. They hane different thickness and length. Their graduation is conducted by pressing on the bowl of analytical weigher till the momet of hairs� flexion. The number on the apparatus is equal to the the strength of stimulus.
Necessary for experiment: hair esthesiometer of Frey, stencil of cardboard with  hole  of 1 cm2, a chair, a table.

The object of investigation � a human.

The conduction of experiment. A probationer sits in comfortable position  with closed eyes and the hand on the table. The presence of particular pints and density of their location are to be confirmed with Frey�s hair ( with the help of stencil with a hole  of 1 cm2) on a skin area of the body (a palm, a forearm, a cheek, a neck). The sensation of touch appears when the hair gets into the tactile pint.The maximum of them are located on tips of fingers and on the palm. Tactile receptors are located in the hairbags on the hairy skin. Check that � touch a hair.
Results of the experiment and their design. All the findings are designed as a table 14.2 and are compared with ones in different probationers.
The method of investigation of pain sensitivity on various areas of human skin 
Pain mechanoreceptors are primarily localized in upper layers of skin with different location density : 3- 20 per 2cm2. They are absent on the earlobe  and the inner part of the cheek (in the area of the 2nd molar).
Necessary for experiment: a pin with a sharp tip, stencil of cardboard with  hole 1х1 cm2, a table, a chair.
The object of investigation — a human.

The conduction of experiment. A probationer sits in comfortable position  with closed eyes and the hand on the table . With the help of the sharp tip of a pin the presence of  separate pain and tactile dots and their density of localization (by overlaying the stencil with a hole 1cm2) is established on the skin area of the body (a palm, a cheek, a forearm, a neck).
The sensation of touch appears when the hair gets into the tactile pint , and a sensation of pain � when the pin tip gets into the point of pain. The task is to find separated tactile and pain points.
Results of the experiment and their design All the findings are designed as a table 14.3 and are compared with ones in different probationers.
11. The following class’s theme: «The investigation of visual sensory system.».
11.1. An assignment for UDRS and NDRSA on the following class�s theme: «To write the summery of the basics of using the physiological methods of binocular sight investigation»
Methodical recommendations written by





assistant Kopiova N.V.

